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PREFACE. 


Special  interest  has  always  been  taken  by  man  in  tbe  structure  and 
development  of  the  miaute  forms  of  life,  wbetber  animal  or  vegetable  : 
in  tliis  volume  I  propose  to  lay  before  the  reader  a  resume  of  tbe 
present  state  of  our  knowledge  of  the  multitude  of  living  beings  called 
Infusoria.  This  term,  as  employed  by  Professor  Ehrenberg  of 
Berlin,  includes  a  wide  range  both  of  animal  and  vegetable  life; 
while  it  is  now  restricted  by  other  naturalists  to  the  Protozoa,  and, 
in  the  works  recently  commenced  by  Dr.  Stein  and  MM.  Claparede 
and  Lachmann,  to  the  ciliated  members  of  that  group. 

The  former  editions  of  this  work  having  included  a  History  of  the 
BacUlaria,  Phytozoa,  Protozoa  (under  the  name  Polygastrica),  and  of 
the  Eotatoria,  it  is  incumbent  on  me  to  retain  these  groups,  though 
the  researches  of  late  years  have  so  extended  our  acquaintance  with 
them  that  much  difficulty  has  been  felt  in  the  attempt  to  comprise 
the  whole  in  a  single  volume,  so  necessary  for  a  practical  manual. 

The  successful  investigation  of  this  department  of  Natural  History 
arose  mainly  from  the  improvement  of  the  microscope  consequent 
upon  the  discoveries  of  "  Test  Objects  "  and  "  penetrating  power," 
the  latter  depending  upon  "  angu.lar  apertm-e," — discoveries  which 
my  colleague  the  late  Dr.  Goring  and  myself  had  the  pleasure  of 
presenting  to  the  public.  The  microscope,  having  become  thereby  a 
reliable  instrument,  has  revealed  to  us  the  true  forms  and  structure  of 
these  beiugs. 

Part  I.  is  devoted  to  a  Geucral  History  of  the  several  more  or  less 
natural  groups  of  Infusoria :  it  contains  also  the  observations  and 
opinions  of  British  and  Continental  naturalists  on  their  nature, 
structure,  functions,  and  classilicatiou.  The  foreign  writhigs  on 
these  subjects  are  so  voluminous  that  even  an  abstract  of  them  has 
uicreascd  this  part  of  the  work  much  beyond  what  it  occupied 
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former  editions,  wMle  tlie  introduction  of  the  Tables  from  Part  II. 
has  further  extended  it;  but,  as  I  have  been  anxious  to  give  an 
impartial  account  of  the  researches  on  this  subject,  a  briefer  summary 
might  have  impaired  its  usefulness  and  value.  To  Dr.  Arlidge  is 
due  the  rearrangement  and  preparation  of  this  part. 

Part  II.  contains  descriptions  of  the  Families,  Genera,  and  Species 
of  the  groups  whose  general  history  forms  the  subject  of  the  preceding 
part  of  this  volume.  The  systematic  arrangement  of  Ehrenberg  has 
been  retained  for  the  Phytozoa,  Protozoa,  and  Rotatoria,  the  new 
genera  and  species  of  other  naturaHsts  being  collated  and  engrafted 
thereon.  The  descriptions  of  those  curious  and  highly-organized 
creatures  the  Rotatoria  have  been  extended  and  revised  by  Professor 
Williamson  ,  of  Manchester,  whose  original  researches  and  observa- 
tions on  this  group  are  greatly  appreciated,  both  in  this  country  and 
abroad. 

In  consequence  of  the  long  iUness  of  Mr.  Ralfs,  who  had  under- 
taken the  revision  of  the  Bacillaria,  the  publication  of  this  edition  has 
been  delayed,  and  that  group  has  been  printed  last— a  de^dation  from 
the  original  design  which  it  is  hoped  wiU  not  inconvenience  the 
reader,  while  it  has  allowed  opportunity  for  the  insertion  of  the  latest 
researches.    Owrag  to  the  circumstance  stated  above,  the  revision  of 
the  Systematic  History  of  the  Family  or  Subgroup  Desmidiaceae  has 
been  Idndly  carried  out  by  Mr.  William  Archer  of  Dublin,  who  has 
added  some  original  views,  expressing  by  symbols  the  characters  of 
certain  genera;  moreover,  M.  de  Brebisson  of  Falaise  has  given  this 
edition  the  benefit  of  liis  valuable  co-operation,  by  furnisliing  descrip- 
tions of  the  newly-discovered  foreign  species. 

The  elegance  and  variety  of  the  forms,  the  beauty  and  elaborate 
sculpturing  of  the  silicious  shells  of  the  Diatomacese,  and  the  general 
interest  now  taken  in  their  study,  rendered  it  desii-able  to  bring  together 
in  this  volume  all  the  known  genera  and  species,  British  and  foreign. . 
This  I  have  been  able  to  effect  by  the  research  of  Mr.  Ralfs,  whose 
name  is  so  intimately  identified  with  the  knowledge  of  these  organisms, 
and  whose  present  arrangement  of  then-  families  and  genera  wiU  no 
doubt  tend  to  facilitate  our  better  acquaintance  mth  them.  Owing  to 
the  great  dimensions  which  this  treatise  has  acquired,  and  the  limited 
space  consequently  at  command,  I  was  under  the  necessity  of  con- 
densing the  manuscript  of  Mr.  Ralfs,  and  of  introducing  abbrevi- 
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ations.  Still  I  have,  in  accordance  with  my  original  design,  given 
eveiy  known  specific  name,  whether  synonym  or  variety,  whereby 
observers  may  avoid  confusion  in  the  nomenclature  by  not  employmg 
the  same  names  for  newly-discovered  forms.  The  references  now 
introduced  are  to  works  published  subsequently  to  the  early  editions 
of  this  book :  for  their  verification  I  am  indebted  to  Mr.  Kitton 
of  Norwich. 

Twenty-one  new  Plates  have  been  added  to  this  edition,  of  which 
six  are  engraved  by  Mr.  Tuffen  West.  In  the  case  of  the  Diatoms, 
all  the  new  figures  are  drawn  to  one  scale,  representing  a  magnifjdng 
power  of  300  diameters ;  many  of  them  likewise  are  drawn  from 
specimens,  whilst  others  are  engraved  from  original  drawings  kindly 
lent  by  Mr.  George  Nokman  of  Hull,  Mr.  Roper  of  Clapton,  and 
Mr.  Brightwell  of  Norwich. 

It  now  becomes  my  pleasing  duty  to  acknowledge  the  kind  assist- 
ance received  from  the  late  Professors  Gregory  of  Edinbm'gh  and 
Bailey  of  New  York;  also  to  tender  to  Drs,  Donkin,  Greville, 
Francis,  Wallich,  Strethill  Wright,  and  Mr.  Gosse,  along  with 
the  gentlemen  before  named,  my  best  thanks  for  their  aid  and  advice 
during  the  progress  of  this  laborious  imdertaking. 

In  conclusion,  should  the  object  proposed  in  the  reissue  of  this 
work  be  attained,  viz.  to  produce  in  a  single  volume  a  compendium 
of  the  present  state  of  knowledge,  calculated  to  promote  and  facilitate 
the  study  of  the  very  interesting  branch  of  Natural  History  which 
forms  its  subject,  and  which  has  occupied  much  of  my  leisure  time 
for  more  than  forty  years,  I  shaU  be  ftdly  content. 

ANDREW  PRITCHARD. 


Canonbury,  London,  N. 
November  15,  1860. 
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Proc.  Roy.  Soc.    Proceedings  of  the  Royal  Society  of  London. 

Proc.  Roy.  Soc.  Edin.    Proceedings  of  the  Royal  Society  of  Edinburgh. 

Proceedings  of  the  Academy  of  Natm-al  Sciences  of  Philadelphia.  1853. 

Rab  D.  or  RD.    Dr.  Rabenliorst,  Die  Siisswasser  Diatomaceen. 

Ra.  or  R.    Mr.  Ralfs. 

R.S.    Ray  Society's  publications. 

R.S.  Reports.    Ray  Society  Reports. 

Rejuv.  R.S.    Braun,  A.,  "Professor,  On  the  Phenomena  of  Rejuvenescence  in 

Nature.    Ray  Society.    London,  1853. 
Ro.    F.  C.  S.  Roper,  Esq. 

Schleiden,  J.  M.,  Prof.    Principles  of  Scientific  Botany :  translated  by  Dr.  Lan- 
kester.  1859. 

Schultze,  Dr.  Max  S.  Ueber  den  Organismus  der  Polythalamien.  Leipzig,  1854. 
!§chneider,  Ant.    Symbolfo  ad  Infusoriorum  Historiam  Natm-alem  Dissertatio  In- 

auguralis.    Berlin,  1854. 
Sh.  or  Shadb.    G.  Shadbolt,  Esq. 

Sill.  Joum.    SiUiman's  American  Journal  of  Science  and  Arts, 
S.  or  Sm.    Professor  Smith. 

SBD.  or  SD.    Professor  Smith's  Sjmopsis  of  British  Diatomacere. 
Stein,  F.,  Prof,    Die  Infusionsthiere,  auf  ihre  Entwickelungsgeschicht«, 
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Transactions  of  the  Pliilosopliical  Society  of  Mancliester. 
Transactions  of  the  Medical  and  Physical  Society  of  Bombay. 
Untersuchung-en  iiber  die  Faniilien  der  Conjugaten.    By  Professor  de  Bory. 
Van  der  Hoeven.   Lehrbuch  der  Zootomie.    1850  &  1856. 
Wagner.  Zootomie. 

Wiegmann's  Ai-chiv.   Ai-chiv  fiii-  Natui'geschichte.    Von  A.  F.  A.  Wiegmann. 
Williamson,  Prof.    On  the  Recent  Foraminifera  of  Great  Britain.    Ray  Society. 
London,  1857. 

Zeitschr,,  or  Siebold's  Zeitschr.    Zeitschrift  fLh-  wissenschaftliche  Zoologie.  Von 
Cai-1  T.  Ton  Siebold  uud  Albert  KoEiker.  1848-59. 

Note. — The  names  of  Ehrenberg,  Dujardin,  Perty,  and  Siebold  are  frequently 
mentioned  without  particular  notice  of  the  work  quoted ;  but  the  treatises  intended 
are  those  in  which  each  of  those  several  authors  has  given  a  general  history  of 
Infusoria,  and  which  are  named  in  the  above  list.  So,  in  the  accoimt  of  the 
Rhizopoda,  Schidtze  is  often  quoted,  his  special  work  on  their  organization  being 
referred  to ;  and  lastly,  in  the  Histoiy  of  the  Rotatoria,  the  opinions  of  Leydig  are 
all  derived  from  his  essays  in  Siebold's  *  Zeitschrift.' 

For  abbreviations  employed  in  Systematic  History  of  Desmidiaceas,  see  p.  721. 

Note.  —  The  references  to  the  engravings  in  this  work  are  printed  thus : 
(xn.  20.)  for  Plate  XH.  fig.  20. 
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Page  10,  line  8  from  bottom,  dele  See  Appendix  at  end. 

—  218,  line  7  from  top,  for  Poraminiffera  read  Poraminifera. 

—  243,  line  7  from  bottom,  for  peuliarity  read  peculiarity. 

—  253,  line  3  from  top,  for  Actinophrgs  read  Acfcinophrys. 

—  259,  line  4  from  bottom,  for  XVIII.  read  XXIII. 

—  316,  line  6  from  bottom,  for  Leuckhart  read  Leuckart. 

—  324,  line  14  from  bottom,  for  Wagener  read  Wagner. 

—  470,  line  7  from  top,  for  1855  read  1858. 

—  535,  line  5  from  bottom,  after  figured,  inseri  subsequently. 

~  llr'  ""J"  o'  bottom,  insert  segment  3-lobed,  before  lateral  lobes. 

—  iZi},  col.  2,  line  11  from  bottom,  for  side  read  sides. 

~  Zoo'  '^°}'  o'  bottom,  dele  comma  after  surface,  and  insert  after  middle 

—  132,  col.  2,  hne  22  from  bottom,  for  finely  read  finaUy. 

"~  '^^"mS""^'  (West).-Elongated,  very  slender,  straight,  except  at  cstre- 

~  l^A  ""f"  o'  fr'^'^fi''*?  reference  to  figure  from  8.  globulatum  to  S.  baciUarc. 

~  iri'  '54,  fov  paradoxum.  read  tctracenm. 

~  Zco  V  ^  *^0P-/'"'  Pediastrium  read  Pediastrum. 

~  Z5°'""^,^^°™'30*'tom,  c^c&Synedrero.    (-Sec  p.  940.) 

—  7b0,  col.  1,  line  28,  after  capitate,  imert  strias. 

~  tjf^  f  h  Iff  ^  *  156,  and  insert  xi.  1-8. 

—  764,  for  E.  Terra  read  E.  Serra. 

H  7Rs'       ^'n"^^  ^        bottom,  for  Argus  read  Arcus. 

—  771 '  Oncosphenia,  insert  Genus  Podosphenia  from  p.  769. 

—  ?79',l'l^"«l'l./o'- broadly  rcflfZ  loosely.  ^ 

—  77^'  nni  7'  1  •  "  f/^."""  ^i^m,  for  pear-Hke  read  poarl-like. 
774  n  ■  1'  r""  hoitom,  ior  m.  read  xm. 

~  1-  "ne  5,  insert  (iv.  32.) 

—  //o,  lor   O.ptnnaium"  rQ&Afinnulatwn. 
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Page  777,  end  of  F.  virescens,  insert  (ix.  176.) 

—  778,  line  6,  after  Ealfs,  insert .—  r  „    .  „     r         ^oo  i 

—  779,  before  Genus  Nitzschia,  insert  Fam.  characters  of  Sui-irelle»  trom  p.  <  8.3 ;  and  see 

'Note,  p.  940. 

—  781,  col.  1,  line  2  from  bottom,  for  20  read  21. 

—  783,  col.  1,  line  12,  for  22  read  23. 

—  784,  col.  1,  Une  5  from  bottom,  for  2,  3 ;  read  24. 

—  784,  col.  2,  line  22  from  bottom,  for  19  read  20. 

—  786',  S.  pulchella,  insert  (iv.  28.) 

—  789,  S.  fulgens,  insert  (xiii.  20.) 

—  791,  col.  1,  line  2,  for  xvin.  read  viii. 

—  796,  S.  striatula,  insert  (ix.  137,  138.) 

  798,  col.  1.  Hne  24,  for  diyiduate  read  dimidiate. 

—  799  col.  1,  line  21  from  bottom, /or  magniflcentreatZ  marginal. 

—  802,  col.  2,  line  14,  for  xv.  read  xii. ;  line  29,  for  xv.  read  xii. ;  last  figure,  jor  ob 

read  50. 

—  806,  Gomphogramma  rupestre,  insert  (iv.  46.) 
..—  806,  Tetracyclus  lacustris,  insert  (viii.  10.) 

'  —  809,  Gephyria  incm-vata,  i7isert  (v.  50.) 

—  809,  Gephyria  media,  insert  (v.  49.) 

—  809,  Eupleuria  pulchella,  insert  (viii.  2.) 

  812, /or  0.  undulata  rmc^  C.  undata.  r       ■  „ 

—  821,  col.  2,  line  6,  after  ochracea,  insert  (Ealfs)  from  next  hne;  and  after  ferruginea 

insert  (Ehr.). 

—  836,  col.  2,  hne  8  from  bottom,  for  x.  read  xi. 

—  844,  A.  Kittoni,  insert  (viii.  24.) 

  851,  col.  1,  line  17  from  bottom,  for  nervosa  read  enervts. 

—  8Q3,  Dioladia  Capreolus,  insert  (vi.  28.) 

—  875,  Cymbella  Arous,  insert  (vii.  78.) 

—  891,  col.  1,  Ime  2  from  bottom,  for  xii.  read  xi. 

—  893,  for  "N.  dissimilis  (Eab.)"  read  "N.  cUfsydra  (Ealts). 

—  903,  for  "N.  Broc??<c!;a"  read  "N.ea^feMsa."  ,  ,       .      a.  o 

—  911,  S.  Fvlmen  (Breb.),  read  "  S.  Fulmen  (Bri.),"  and  insert  that  species  after  b.  con- 

stTzcidt 

—  923,  col.  I,  last  line,  for  (viii.  43.)  rea^^  (vni.  48.) 

  929  col  1  top  line,  for  octocarpoides  read  ectocarpoides. 

—  938'  col  l',  hne  9,  for  "  C.  radiata  "  read  "  0.  sti/lorum."  _ 

—  94l',  ActinoptTchus  Jupiter,  wow  Actmocyclus  Ehrenbergu.  •  , .  „f  1.7 

—  952  m  description  of  Plate  VII.,  insert  "78.  CymbeUa  Arcus,  to  right  of  fig.  42. 

'79.  Amphora  moniUfera,  to  right  of  fig.  49."  [Note.  The  engraver  has  omitted 
the  numbers  to  these  two  figures  m  that  Plate.] 


WOEKS  BY  THE  SAME  AUTHOK. 

MICROSCOPIC  ILLUSTRATIONS,  with  Descriptions  of  the  New  Microscopes 
Rules  for  constructing  them,  and  Directions  for  their  management. 

MICROSCOPIC  CABINET,  with  Descriptions  of  the  Jewel  and  Doublet  Micro- 
scopes, Test  Objects,  &c. 

MICROGRAPIHA,  with  practical  Essays  on  Eye-pieces,  Solar  and  Gas  Micro- 
scopes, &c. 

NOTES  ON  NATURAL  HISTORY,  selected  from  the  'Microscopic  Cabinet,' 
with  10  coloured  Plates  from  original  Drawngs  by  C.  R.  Goring,  U.U. 

MICROSCOPIC  OB.TECTS  :  Animal,  Vegetable,  and  Mineral. 
A  LIST  OF  ENGLISH  PATENTS  for  the  first  Forty-five  Years  of  the  preseiit 
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OF  THE  BlUCHIONiEA. 


to;) 


individual  exiimple,resembles^./o/i'acm, 
but  is  less  flat,  more  cubical,  and  possesses 


the  peculiar  upturned  tootli  in  the  median 
line,   (xxxviii.  6.) 


Genus  BRACHIONUS. — BracMonaaa  which  have  a  single  cervical  eye  and 
a  fui'cate  foot.    Figiu-e  compressed.    Lorica  closed  at  the  sides ;  open  at  the 
extremities  like  a  tortoise-shell.    Anterior  and  posterior  margins  usually 
dentate ;  sm-face  either  smooth  or  rough  and  tuberculated,  the  tubercles  on 
the  abdominal  sm-face  an-anged  in  foiu"  lines  diverging  posteriorly.  The 
cuticle,  which,  according  to  Leydig,  rests  on  a  molecular  layer,  resists 
Uquor  potassas.    The  frontal  processes  or  teeth  are  dentate  on  their  inner 
edge.    Animal  able  to  withdraw  itself  within  the  loiica.    Rotary  organ 
simple,  and,  though  often  looking  as  if  lobed,  presenting  an  unbroken  border, 
except  when  it  is  indented  by  descending  to  the  mouth,  whence  this  bUobed 
aspect ;  a  median  lobe  and  two  lateral  ones  arise  from  its  free  sui'face.  On 
its  right  and  left  side  are  some  eminences  surmounted  by  long  bristles,  in 
addition  to  a  long  bristle  projecting  backwards  fi-om  each  lateral  margin  of 
the  rotary  organ.   A  granular  mass,  the  supposed  cerebral  ganglion,  supports 
the  eye-speck,  which  is  extended  backwards  into  two  points.    A  siphon,  or 
tactUe  tube,  terminated  by  a  bunch  of  setae,  projects  from  between  the  an- 
terior median  teeth  of  the  lorica.    Two  brown  vesicles  in  front  of  the  lai-ge 
muscular  oesophageal  bulb,  ra  which  are  the  toothed  jaws ;  a  short  oesopha- 
gus ;  and  a  stomach,  the  latter  composed  of  coloured  cells,  ciliated  on  their 
free  surface.    In  front  of  the  stomach  two  pedunculate  glands.  Intestine 
clear  and  ciliated.    Contractile  vesicle  on  the  right  of  the  cloaca,  with  two 
water-vascular  canals  proceeding  from  it  to  the  neck,  where  they  form  a 
plexus  and  bear  two  tags.    Ovary  beneath  the  stomach.    Eggs,  according  to 
Perty,  of  three  sorts,  viz.  winter  ova,  summer  ova,  and  ova  bearing  male 
embryos.   Ova  attached  to  the  exterior  of  the  animal.  B.  Pala,  B.  urceolaris, 
and  B.  ruhens  sometimes  increase  in  such  quantities  as  to  render  the  water 
milky  and  turbid.    Several  species  are  infested  with  Vorticella,  Epistylis, 
and  other  parasites,  which  attach  themselves  to  their  shells.  Like  Asplanchna, 
Euchlanis,  and  others,  the  genus  Brachionus  has  acquired  great  additional 
interest  from  the  discovery  amongst  some  of  its  species  of  the  distinct  sepa- 
paration  of  the  sexes.    The  male  Brachioni  present  a  different  form  to  that 
of  the  female,  resembling,  in  this  respect,  Asplanclma  SiebQldii  rather  than 
A.  Brightwellii  and  Hydatina  senta,  in  which  the  difference  of  external  con- 
toui's  is  mainly  one  of  size.    The  multiplying  discoveries  of  separate  sexes 
amongst  the  Rotifera,  combined  with  the  manifest  absence  of  male  organs 
m  the  numerous  individuals  provided  with  ovaries,  renders  it  increasin<>-ly 
probable  that  aU  the  Rotifera  will  finaUy  be  demonstrated  to  bo  bisexual  or 
dioeceous. 


Brachionus  Pala.  —  Lorica  smootli, 
with  four  spines  in  front,  and  two  obtuae 
ones  near  the  opening  for  the  foot.  Toes 
of  the  foot  apparently  bifid.  This  crea- 
ture swims  m  a  perpendicular  position, 
the  brow  being  directed  upwards.  Eacli 
jaw  has  five  teeth  ;  the  alimentary  canal 
br-ing  constricted,  forms  a  stomach. 
Length  l-3«";  lorica  only  1-48"  (xxxix. 
14,  15).  V 

B.  umphic,rns.~Rm  a  smooth  lorica, 
with  four  spines,  in  front  and  poste- 
riorly;  lour  shai-p  posterior  teeth  are 
characteristic.  1-72". 


B.  in-ceolaris  (Brachiomis  urceolaris, 
M.). — "Whitish  ;  lorica  smooth,  with  six 
very  short  spines  in  front ;  posterior  ex- 
tremity roimded ;  lorica  slightly  granu- 
lated ;  its  points  are  shorter  'and  less 
shai-p  than  in  the  following  species  ; 
delicate  longitudinal  ridg(>s  proceed  from 
the  spines ;  the  jaws  have  each  five 
teeth. 

The  males  of  Brachionus  urceolaris, 
according  to  Perty,  are  developed  from 
smaller  ova  than  the  females,  these  eggs 
being  also  adiierent  to  the  parent  in 
greater  numbers.    They  are  very  splie- 
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rical,  reaching  1-50"'  in  length  and  1-07"'  | 
in  diameter.    Their  shell  is  more  deli- 
cate and  the  contents  clearer  and  more 
transparent,  as  well  as  of  a  pale  yellowish 
hue  instead  of  the  dusky  grey  of  the 
female  ova.  The  former  likewise  contam 
fewer  granules.    The  development  by 
hssion  similar  in  both.    When  the  egg 
is  mature,  it  continues  to  be  pale  and 
transparent.  The  red  eye-speck  exhibits 
itself;  but  the  maxillary  apparatus,  seen 
in  the  female  ovimi,  is  wanting.  On  the 
other  hand,  two  or  three  heaps  of  dark 
gramdes  occur,  not  seen  in  the  females. 
The  embryo  escapes  from  the_  ovum 
by  a  transverse  raptm-e,  and  is  then 
seen  to  have  a  diflerent  contom-  from 
the  female.     It  is  but  one-third  the 
size  of  the  latter,  being,  when  extended, 
but  1-27"'  to  1-22'"  long,  and  from 
1-60'"  to  1-55"'  broad.    It  is  destitute 
of  a  firm  lorica ;  short,  cylindrical ;  pro- 
longed  anteriorly  into  a  short  head, 
separated  by  a  constriction  from  the 
trunk ;  prolonged  posteriorly  into  a  short 
tubidar  foot  about  one-fifth  the  length 
of  the  body.    Head  crowned  by  a  flat- 
tened disc,  with  a  wide  expanding  mar- 
gin, clothed  with  long  vibrating  cilia 
and  a  few  non-vibratile  bristles.  Cilia 
moving  with  extraordinary  velocity,  pre- 
venting many  being  seen  at  once ;  but  a 
little  strychnine  added  to  the  water 
checks  their  action  and  facilitates  their 
observation.  No  mouth  is  present;  hence 
the  ciliary  wreath  is  not  twined  inwards 
at  the  oral  fissm-e ;  the  alimentary  appa- 
ratus is  wholly  wanting.  •  A  large  pyri- 
form  vesicvdar  testicle,  1-100"'  in  length, 
occupies  the  middle  of  the  body ;  it  is 
fiUed  with  small  dark  moving  sjjerma- 
tozoa.    The  wall  of  the  testicle  is  very 
thick,  and  elongated  at  its  upper  extre- 
mity into  a  thick  cylindrical  band,  which 
is  attached  to  the  cephalic  disc.  Pos- 
teriorly the  testicle  is  striated  longitu- 
dinally, and  is  perforated  by  an  apertm-e 
opening  into  a  wide  spermatic  duct  con- 
ducting to  the  penis.    The  latter  organ 
is  a  short  tube  usually  laid  free  on  the 
foot  and  nearly  extending  to  its  extre- 
mity ;  its  internal  canal  and  outer  mar- 
gin equally  furnished  with  vibratile  cilia. 
The  Ibot  is  transversely  ^^Tinkled,  and 
ends  in  two  small  toes.    Near  the  root 
of  the  penis  are  two  club-shaped  glands 
which  pour  their  secretion  into  its  cannl ; 
near  these  is  also  a  contractile  vesicle 
with  two  water-canals  and  their  ap- 
pended tags.    Several  spherical  cell-like 
bodies  occur  near  the  head, — llie  larger 
of  these,  the  supposed  cerebral  ganglion, 


supporting  the  eye-spot.  Two  or  three 
vesicles  of  uncertain  character,  filled 
with  dark  gi-anules,  rest  on  the  testicle 
near  its  lower  end.  The  males  are  much 
rarer  than  the  females,  and  are  not  seen 
after  the  end  of  May.  In  fresh  and 
bracldsh  waters.  Length  of  females 
from  1-96"  to  1-72".  (xxxix.  10-20; 
XL.  20-23.) 

B.  ruhens  (JB.  urceolaris,  M.).— Lorica 
smooth,  with  six  shai-p  spines  in  front, 
posteriorly  rounded;  the  body  is  red. 
1-50".  Dajardin  supposes  this  to  be  a 
variety  of  B.  urceolaris.  Leydig  recog- 
nizes its  distinctness,    (xxxvin.  7.) 

B.  Mnllori  (Iliiller's  Brachionus).  — 
Lorica  smooth,  with  six  obtuse  spines  in 
fr-ont,  two  short  ones  behind,  resembling 
papillse.  This  species  is  somewhat  larger 
than  B.  urceolaris,  and  has  peculiarly- 
shaped  fr'ontal  spines.  The  margin  of 
the  chin  (brow)  is  smoothly  trunca,te, 
■with  three  faint  indentations.  The  lorica 
is  very  transparent.  1-60".  According 
to  Mr.  Gosse*  the  B.  hqitatomus  found  in 
sea-water  is  identical  with  this  species. 
(xxxix.  13.) 

B.  hrevispinm. — Lorica  smooth,  having 
six  acute  imequal  spines  in  fi-ont,  and 
four  stout  spines  posteriorly,  the  two 
inner  ones  short;  two  sexual  glands  and 
a  contractile  vesicle  are  present.  In 
slow  riuming  clear  water,  ■s\'ith  Con- 
fei-va3.  1-65". 

B.  Bakei-i  (]\L).— Lorica  rough,  its 
middle  tessellated  on  the  dorsal  smface ; 
six  imequal  acute  teeth  anteriorlj^,  two 
elongated  (lateral  and  dorsal)  spmes 
posteriorly,  and  short  ones  at  the  sheath 
of  the  foot.  The  lorica  is  covered  with 
delicate  gramdes ;  those  upon  the  middle 
of  the  venti-al  sm-face  ai-e  an-auged  m 
pai-allel  but  somewhat  ciu-ved  lines. 
1-220"  to  1-60".  (xxx-sTn.  8,  9,  10-17 ; 
XL.  16.) 

"The  following  interesting  observa- 
tions as  to  the  development  of  this  spe- 
cies have  been  communicated  to  me  by  a 
friend,  an  accurate  and  diligent  obseiTer 
of  nature :— About  two  o'clock  B.  Ba- 
heri  was  observed  Avith  one  egg  placed 
externallv  between  the  two  posterior 
spines  of  the  shell,  and  another  small 
eog  in  the  left  side  of  the  animal,  which 
increased  much  in  size  in  the  coiu-se  of 
the  day.  At  nine  in  the  evening  a 
motion'  was  perceived  in  the  exterior 
egg  like  that  of  the  muscular  oesophagus 
of  the  parent;  and  about  this  time  the 
internal  egg  was  protruded  and  placed 
by  the  side  of  the  other,  being  longer 
than  it.  At  eleven  tlio  young  Brachionus 


PART  I. 

A  GENERAL  HISTORY  OF  INFUSORIA. 


Sect.  I.— OF  THE  BACILLARIA. 

Undee  this  designation,  contrived  by  Ehrenberg,  two  families  of  microscopic 
uniceUular  Algae  are  comprehended,  viz.  the  DEsmniEiE  and  the  DiATOMEiE. 

The  DiatomesB  dilfer  from  the  Desmidie^  chiefly  by  their  dense  sOicious 
envelope,  composed  of  two  opposite  portions  or  valves  and  of  an  interposed 
segment,  and  by  the  general  absence  of  the  usual  green  colouring  matter  of 
plants — chlorophyll  or  chromule.  The  Desmidiese,  on  the  contrary,  have  a 
non-sihcious  envelope,  sepai-able  into  two  segments,  and  filled  with  bright 
grass-green  chromule.  In  various  vital  phenomena  the  two  tribes  accord ; 
but  whilst  the  Desmidieae  are  all  but  xmiversally  admitted  to  be  plants,  the 
Diatomeae  axe  still  regarded  by  many  to  be  of  an  animal  nature.  With  respect 
to  this  question,  the  arguments  pro  and  con.  wiU  be  best  imderstood  when 
the  organization  and  vital  endowments  of  these  beings  have  been  discussed. 

I.— OE  THE  FAMILY  DESMIDIEiE  OE  DESMTDIACE^. 
(Plates  I.  II.  III.  and  XVI.) 

The  Desmidiese  are  (pseudo-)imicellular  Algae  of  a  herbaceous  green  colour, 
of  freshwater  habit,  and  have  a  membranous  lorica  composed  of  two  symme- 
trical segments  or  valves.  In  Kiitziag's  arrangement  {Sp.  Alg.),  the  DesmidiesB 
constitute  a  family  of  the  Chamaephyceae,  a  suborder  of  the  class  Isocarpeae. 
Ehrenberg  treated  the  genus  Closterium  as  a  distinct  family,  which  he  placed 
between  the  Vibrionia  and  Astasiaea,  with  the  name  Closterina. 
_  That  the  Desmidieae  are  actually  unicellular  (in  the  sense  of  forming  a 
single  enclosed  cavity),  Mr.  Ealfs  has,  in  his  most  valuable  monograph  on  the 
family  (1848),  taken  much  pains  to  demonstrate.  Owing  to  the  very  deep 
constnction  of  the  fronds  of  many  genera,  e.g.  of  Euastmm  and  Micrasterias, 
the  appearance  of  the  little  organism  is  that  of  two  cells  united  by  a  narrow 
band  (I.  1,  2,  24,  26  27;  II.  18,  28),  forming,  in  Ehrenberg's  opinion,  a 
bmary  cell  or  frustule.  However,  between  such  deeply  partite  forms,  and 
others  in  which  no  constriction  is  perceptible,  for  instance  in  Closterumi, 
every  intermediate  gradation  is  met  with.  Other  evidence  of  the  uniceUular 
structure  is  afforded  by  the  phenomena  of  conjugation  and  of  the  formation 
ot  sporangia,  by  the  newly-formed  segments  resulting  from  self-fission  being 
mterposed  between  the  old  valves,  and  by  the  fact  that  the  entii-e  contente 
wiu  escape  through  an  opemng  made  in  either  valve.  Moreover,  in  several 
genera  the  circulation  of  portions  of  the  contents  throughout  the  frond,  from 
one  segment  to  the  other,  clearly  demonstrates  the  continuity  of  theii-  interior 

i^iGiniE.— ihere  is  great  variety  in  the  figure  of  Desmidie^,  and  much 
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beauty     This  wiU  be  best  UliTstrated  by  reference  to  the  Plates  I.  and  II. ;  for 
description  alone  would  fail  to  convey  oven  a  tolerably  accm;ate  conception 
In  Micrasterias  (I.  18,  20,  21)  the  frustule  has  ^  S^^^^^^^^  ^^^^V,^^^^^^^ 
is  bipartite  and  variously  cut.    In  Euc^strwn  (I.  23,  24,  26;  II  10)  it  is 
bipaiiite,  and  each  valve  deeply  sinuated.    In  many  species  of  Cosrnartum 
n  1  2  •  II  33^  the  constriction  is  much  shaUower,  the  valves  hemispherical, 
and  their  margin  entii'e.    In  Staurastrum  (I.  31-34 ;  II.  3  7)  each  segment 
is  more  or  less  irregularly  produced  at  the  extremities  into  horn-hie  pro- 
cesSs     In  Jenmyn  DoJiL,  and  aosierium  (II.  1,  2,  9,  14)  the  frond  is 
elongated  and  wand-hke,  without  constriction,  or  with  only  a  very  famt  one, 
and  in  many  species  is,  moreover,  curved  or  crescentic     Not  a  few  genera 
present  numerous  fronds  united  together ;  the  outhne  of  the  compound  bemg 
^vill  consequently  vary,  both  according  to  the  figau'e  of  each  individual  frond, 
nnd  esneciaUv  to  the  mode  in  wHch  the  several  fronds  are  umted.    Thus  m 
HyM^a%esrnicUun^,  and  other  genera  (H.  35,  37  39),  the  quadrate 
fronds  are  united  side  by  side  in  smgle  series,  so  as  to  form  a  chain  or 
filament,  in  other  words  are  concatenated.     ^   „  . 

The  lateral  view  or  cross-section  of  the  fronds  furnishes  valuable  characters, 
and  is  largely  made  use  of  by  Mr.  KaKs  with  that  ^ject,  especially  to  distin- 
Ssh  between  the  several  filamentary  species.  His  figures  show  that  the 
tonds  may  be  more  or  less  compressed,  and  consequently  ofi^er  on  a  transverse 
section  fend  view)  an  oval  and  more  or  less  acuminate  form  (1.  25  ;  LL  ^6, 
29r&rther  modified  by  the  elevations  and  depressions  which  the  surfaces 
nn^sp^s  CI  25  •  II.  23).  In  other  cases  the  section  is  circular,  e.  g.  m  Hya- 
FoS  and  DidymoprLn  (U.  32,  38),  whilst  m  others,  again,  thi-ee  or  four 
sides  exist  wHch  are  commonly  concave,  as  m  Desmichum  (II.  40) 

The  end  view  exhibits  the  arrangement  of  the  mass  of  chlorophyU,_  which 
in  some  instances  would  appear  to  be  pecuHar  and  dete™te  of  sgci^s 

The  annearance  of  the  Desmidiete  is  much  modified  by  the  smuosities, 
en^encr  depressioi  and  processes,  as  weH  of  the  sxrface  as  of  the  margin 
nH-e  fronds  and  also  by  the  depth  and  width  of  the  central  constriction. 
?he  smte  r^'ay "e  dotted  over  irregularly,  or  more  often  regularly  :  the  dots 
todves  a?e  hi  most  cases  elevated  points,  and  in  fewer  instances  depressions 
.SlSegular  distribution  of  minute  dots  produces  a  ^^^^^^^'^^ffl^^^^^ 
a  24  •  n.  23,  30).  Where  the  spots  are  larger  their  elevated  chara  ei 
becomes  evident  on  the  margin,  to  wHch  they  give  a  fine  y-toothed  or  dentate 
™rancr.  a.  in  CosmaAum  (I.  1,  2,  3).  In  some  elongated  foi-ms,  such 
appearaiice,  v.  y-      ^    .  ^        ,    mmcta  are  disposed  m  hues  parallel 

as  Tetmemorus  and  Pemum  (II.  15),  tne  puncta  arc  uisij  i.pcn,1-n-  is 

to  the  length:  in  Docidium,  however,  the  disposition,  so  far  as  leg^ilai  is 

anlerse'   In  several  examples  the  surface  i« -^^^^^  ^^^^^^^^^ 
by  furrows  (II.  6).    Such  markings  seem  pecuhar  to  the  elongated  geneia, 

ntyt',rnfh^^^^^^^^ 

of  puncta.  Where  the  hues  are  fine,  they  ai-e  said  to  P^'^d^^^ro  tW  a^e 
the  surface,  as  in  Glosterium  attcmuaum  and  C  aceromm;  ^^^J^ ^^^^J.^^^ 
ruore  distink  they  are  termed  costa.,  and  the  siu-face  they  cover  ^  costate  or 
ribbed,  as  in  Clolterium  costaium  and  C.  angtcstatum.  In  general  m  older 
to  r  over  the  striation  of  the  surface,  the  fi-onds  must  be  ^-^ewed  wh«J 
empJy  ;  so"^etimes  indeed  the  Hues  can  be  made  out  at  the  extremities  which 

"'rr^SrLd^ttrK^^^^^^^^     andP—  referred  to  axe.disposed 
lonituMy,  but  frequently  they  are  intersected  at  one  or  more  pomte  by  a 
™eS  hue     In  these  Ipindle-shaped  genera,_where  no  constnction  i 
found  one  such  transverse  line,  usually  central,  is  constant,  and  indicates 
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the  point  of  separation  into  two  valves  (II.  1,  2,  9).  Each  valve  again  is 
occasionally  subdivided  by  another  line  (II.  6,  15).  These  lines  may  bo 
single  or  double,  and  in  the  case  of  the  middle  suture  their  niunber  may  be 
more  multipHed,  as  in  Closteriwn  lineatum  and  0.  Ralfsii.  The  median 
sutiu-al  line  is  evident  ia  other  genera,  e.  g.  in  Hyalotlieca,  Cosmarium,  and 
Euastrum  (II.  35).  In  several  it  takes  on  a  fiu'ther  development,  and 
becomes  an  elevated  ridge  or  band,  appearing,  in  a  front  view,  as  a  double 
line,  terminating  on  each  margin  in  a  dentation.  Instances  occur  in  Docicliwm 
and  in  Didymo^orium  (II.  9,  39).  Such  double  Hues  are  also  sometimes  met 
with  on  each  side  the  median  suture,  and  at  others,  among  the  concatenate 
forms,  at  the  jimction-surfaces  of  connected  fronds. 

That  the  dots  or  puncta  on  the  siufaco  of  the  frustules  are  commonly  small 
elevations  has  already  been  stated;  a  further  development  of  such  into 
papillae  or  minute  spines  crowned  by  a  globular  apex  is  seen  in  Micrasterias 
■papillifera ;  whilst  in  many  Cosmaria  and  Staurastra,  the  edge  or  the  entire 
surface  is  bedecked  by  fine  hair-hke  spines  or  by  obtuse  ones,  looking  on  the 
margin  like  crenations  (I.  1,  2,  3).  When  short  and  stout,  many  elevated 
processes  of  the  surface  are  called  tubercles  (II.  16,  17) ;  when  long  and 
tapering,  they  constitute  spines,  and  in  this  form  may  be  either  straight  or 
curved :  such  are  especially  produced  from  the  angles  of  the  fronds,  as  in 
Arthrodesmus  (II.  18,  28).  Among  the  Staurastra,  illustrations  of  forked 
spines  (II.  3,  7)  are  foimd  ;  whilst  among  sporangia  of  many  species,  spinous 
processes,  besides  tubercles  and  other  appendages,  are  highly  developed  (II. 
22,  25,  34)  and  attain  their  most  complex  conditions. 

The  modification  of  siuface  in  several  genera  seems  due,  not  to  mere  simple 
appendages,  but  to  positive  expansions  of  the  limiting  membrane  itself  into 
thick  processes,  which  in  their  turn  usually  end  in  spines ;  instances  occur 
in  Xanthidium  and  Staurastrum  (I.  27,  28 ;  II.  3,  7,  20,  25).  Generally 
these  large  productions  from  the  surface  occupy  constant  and  definite  positions, 
such  as  the  extremities,  the  rounded  angles  of  the  fronds,  or  a  mai'gin,  and 
are  rarely  iadifierently  placed.  A  general  distribution  over  the  surface  is 
.  rather  characteristic  of  Xanthidium  (I.  27,  28).  In  Euastrum  the  surface  is 
thrown  into  very  broad  round  swellings,  hence  called  iaflations ;  such  may  be 
presumed  to  be  constant  in  number  and  position  (I.  24,  II.  30,  the  empty 
divided  fronds). 

The  margin  of  the  more  flattened,  and  the  extremities  of  the  elongated,  spe- 
cies fiimish  important  specific  and  generic  characters.  Micrasterias  has  its 
margin  deeply  mcised  into  lobes  (1. 18,  20,  21,  22),  which,  with  reference  to  the 
centre  of  the  frond,  have  a  radiating  arrangement,  and  are  themselves  iacised 
'T^o  fronds  of  Euastrum  ai-e  more  or  less  deeply  sinuatcd 
(1.  23,  24,  26;  II.  10),  and  the  intermediate  lobes  produced  vary  both  in 
dimensions  and  outline.  Where  the  lobes  on  the  margin  of  fronds  are  small 
and  Mtie  prommcnt,  they  constitute  crenations  and  dentations  which  may 
occiir  singly  or  m  pau's  ;  in  the  latter  case,  the  margin  so  mocUfied  is  said  to 
be  bidentate  or  bicrenato  (I.  1,  2,  3;  II.  31,  26,  37).  Por  example,  some 
tronds  of  Euastrum  hmatum  are  bicrenato  on  the  sides,  and  those  of  Didy- 
mojyrxum  at  the  angles  of  the  filaments  (11.  39),  whilst  bidentate  fi-ustules 
are  seen  m  Besm.dium  {11.  37),  and  in  Ilyalotheca  mxwosa.  It  has  been 
before_  remarked  that  when  the  surface  is  covered  by  tuberculai' eminences 
or  corneal  granules,  a  dentate  outHno  is  produced;  instances  of  this  occur  in 
Euastrum  verrucosum  and  in  several  Cosma.na.  Another  variety  of  mai-gin 
exists,  known  by  the  tei-m  undulated  or  wavy,  where  its  elevations  and  de- 
pressions are  comparatively  shallow.  Lastly,  the  general  concavity  or  the 
convexity  of  the  margin  furnishes  other  specific  characteristics. 

II  2 
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Among  the  variations  in  the  ends  of  the  fusiform  or  elongated  genera  may 
be  noticed  the  notched  or  emarginate  apices  of  Tetmemorus  (II.  12);  the 
ti-uncate  extremities  of  Docidmm  (11.  9,  10),  sometimes  ako  as  in  D 
Ehrenherqii,  tnherculate;  and  the  more  or  less  acutely  corneal  apices  ot 
aosterimn,  prolonged  in  some  species,  as  m  0.  att™«um,  by  an  abrupt 
contraction  of  the  frond  into  a  conical  process— m  others,  as  m  C  setaeeum 
Ztc  Ztratum,  by  the  gradual  tapering  of  the  whole  frond-mto  long 

rosti-ate  or  setaceous  beaks.  .  ^      i     v  ^i,?^-^  ;a 

CoLOTTE  —This  is  due  to  the  endochrome  or  internal  substance,  which  is 
usuaUy  of  a  herbaceous  green  coloui-,  and  often  diffused  pret^ 
throughout  the  fi-onds,  sometimes  however  leavuig  intervals  at  which  the 
enclosing  membrane  (lorica,  Ehr.)  becomes  visible.  This  lonca  is  itself 
mostlv  colourless;  yet  in  several  species  of  Clostenum  and  Pemum  it  has  a 
rdth-brow  t^t  (II.  5,  6, 15).    The  green  colouring  matter  of  the  interior 

:tdenticd^th  that  of  pl^ts,  .  it  is  chlorophyll  or  ^^^^^^^'^^^^^^ 
sequently  undergoes  a  change  of  colour  in  autumn,  becoming,  hke  the  leaves 

of^lantJ at  that  season,  a  reddish-brown.    When  this  change  occurs,  it  is 

pouallv  indicative  of  the  termination  of  life. 

ToK^CE.-E^LOPES.-The  Hmiting  membrane  of  Desmidiacese  is 
firm  though  flexible  ;  it  exhibits  some  elasticity  and  considerable  resistance 
WessS,  is  not  brittle,  and  not  readHy  decomposable.    Traces  of  sihca  are 
foiS Ta  few  species,  but  not,  says  Mr.  Ralfs,  "  in  sufficient  quantity  to 
SterfeJe  with  the&  flexibility."    It  is  Hned  by  a  softer  flexible  membrane ; 
^d  besides  this,  the  Desmidie*  generaUy  have  an  ea^terrml  mucous  or  geU- 
tZ^Zvering,  mostly  so  transparent  and  homogeneous  as  to  be  overlooked 
?o  bring  t  into  view,  it  is  a  common  plan  to  add  some  colounng  matter  to 
the  wSfr  inwHch  the  organism  is  viewed ;  hut  good  mampulation  mth  a 
Seh  newer  will  frequently  succeed  without  recourse  to  this  expedient  to 
demoSe  T  The  particles  of  colour  diffused  about  the  frond  and  mdeed 
iT^eZlMes,  slch  as  small  vegetable  cells,  are  seen,  no  m  contact 
XSe  fronds,  as  they  would  often  be  if  these  were  nM  Wt  ^e^i  at  a 
Sance  corresponding  with  the  width  of  the  hyahne  envelope  (1. 15  ;  H  35) 

distinct^andweU  defined;  "  in  others       ^^J^^^  ^^^^f^V,^  .^^^^ 
Tiuntpd  and,  in  general,  its  quantity  is  merely  sufficient  to  ^oiame 

?Ws  tog;ther  a  kiSd  of  filmy  cloud  which  is  dispelled  by  the  shghtest 
touch  When  they  are  left  exposed  by  the  evaporation  of  the  water  tb^ 
muci  becomes  denser,  and  is  apparently  secreted  m  larger  quantities  to 

^1h?iS  tZ:'^^^f^':^^^  of  the  firm  lorica  is  tHn,  colourless 
an?4^!l2tic,  and  alters  its  contour  with  the  varying  ^^^--^/^J^;^ 
endoclSome  which  it  immediately  invests     It  is  m  nS^^.Twwtre  free 
ease  only  at  some  points,  mostly  about  the  Lt'Ts  ^^^^^^^ 

an  inteiial  exists  between  the  two  envelopes  .'^  f'f'^i:^Xtei  Z 
by  various  chemical  reagents  ;  for  instance,  it  is  contracted  oi  coii-u^ated  Dj 

n?Ero^x;ttcA._Openings  have  been  r^^^^S::^^^ 
in  the  firm  envelopes  of  Desmidiece,  and  more  P^'J^^^^^^^^  "^at'l^^^ 
imwm.    Ehrenberg,  for  instance,  stated  that  apertiu-es  ^^sted  at  the  ext^^^^ 
S  through  wlich  soft,  veiT  short,  and  corned  tmnsp^^^en^^ 
slightly  protruded  to  serve  as  locomotive  organs.    Both  ^^^^^ 
Dalrymplc  also  described  tennmal  orifices,  closed  witlun,  ^^o^^^^'^^' ^    ^^J"  , 
Sns  envelope  ;  but  neither  they  nor  any  other  obsei™  have  detected 
the  papilla-hke  locomotive  organs  Ehrenberg  represented.      In  no  instance 
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(Mr.  Ralfs  says)  can  any  portion  of  the  contents  of  the  cell  be  forced  out  from 
the  extremities."  More  recently  the  belief  in  terminal  apertures  has  been 
revived  by  the  published  researches  of  the  Rev.  Mr.  Osborne  and  others 
(J.  M.  8.),  who  afiii-m,  that  not  only  the  outer  hard  case,  but  also  the  mem- 
branous lining  is  penetrated  by  foramina,  through  which  water  enters  from 
without  into  the  cavity  of  the  frond.  Another  vmter  iu  the  Mic.  Journ.,  Dr. 
Wright,  describes,  iu  a  specimen  of  Closterium  didymoticum,  certain  circular 
mai'kings,  consistiug  of  two  concentric  lings,  as  apertures  penetratiag  "  both 
layers  of  the  iuvesting  membrane  at  irregular  intervals :"  yet  neither  the 
character  of  these  cu-culai*  bodies,  as  represented  by  theu*  observer,  nor  their 
irregular  distribution,  countenances  such  a  notion,  and  the  appeal  he  makes 
to  Mr.  Ealfe's  figures,  instead  of  aiding  his  argiunent,  is  totally  subversive  of 
it ;  for  although,  in  the  fronds  of  Closterium  didymoticum  and  of  O.  jRalfsii, 
some  large  globules  are  distinguishable,  these  are  in  siugle  hnear  series  in  a 
definite  and  constant  position,  except  when  disturbed  from  it  by  the  death  of 
the  plant,  or  by  its  exhaustion  by  parasitic  growths  upon  it,  and  clearly  are 
not  apertures.  Besides,  any  such  globules  are  sought  in  vaia  when  the  frond 
is  empty,  as  Mr.  EaHs  distiictly  shows  by  his  figures ;  whereas  if  they  were 
openings,  they  would  then  be  more  evident  than  when  the  frustule  is  filled 
with  its  endochrome.  Mr.  Wenham  M.  S.  1856,  p.  159)  has  been  un- 
able to  confirm  the  presence  of  apertures,  and  writes — "  It  may  be  assumed 
that  if  such  an  openiug  existed  it  would  have  somethiug  like  a  structui-al 
margin  of  such  a  size  as  to  allow  its  position  at  least  to  be  visible  under  the 
microscope,  but  not  the  slightest  break  can  be  observed  ia  the  laminated 
structure  that  the  thickened  ends  display." 

Movements  and  Exteenai  Cilia. — By  continued  observation  the  Desmidiese 
are  seen  to  move  very  slowly  onwards,  or  with  an  oscUlatiag  movement 
backwards  and  forwards.  This  phenomenon  is  most  notable  in  the  long 
spindle-shaped  fronds  of  the  genus  Closterium ;  in  others  it  is  scarcely,  in 
many  not  at  all,  cognizable.  Ehrenberg  having  persuaded  himself  of  the 
existence  of  pedal  organs  or  papiUse  at  the  extremities  of  the  fronds  of  Clos- 
terium, found  no  difficulty  in  explaining  their  locomotion;  but  other  observers, 
who  deny  the  presence  of  such  organs,  have  been  compelled  to  seek  some 
other  explanation  of  the  subject.  Some  have  referred  the  locomotion  to  the 
influence  of  the  vital  acts  taking  place  within  the  organism,  to  the  extii- 
cation  of  gas,  &c. ;  others  again,  particularly  of  late,  have  attributed  it  to 
the  presence  of  ciHa  covering  the  surface.  This  latter  hypothesis  is  sup- 
ported chiefly  by  the  Rev.  Mr.  Osborne  and  Mr.  Jabez  Hogg,  who  represent 
these  organs  as  covering  the  fronds  of  Closterium,  of  Staurastrum,  and  of 
other  Desmidieae  (see  page  7,  on  the  Circulation).  Mr.  Wenham  has 
sought  ciHa  in  vam,  and  attributes  the  supposition  of  theii-  existence  to  an 
optical  illusion.  Powerful  obHque  sunHght,  which  is  found  necessaiy  to 
display  the  apparent  ciliary  movement,  this  obsei-vcr  remarks,  "  causes  a 
retractive  atom  to  appear  elongated  as  a  ray  or  line  .... ,  and  this  hue  also 
to  appear  to  extend  over  the  boundary  of  a  ceU-waU  or  other  adioining  body 
Ti^!""  ^^^^  ?^  deception  arises  from  a  large  angle  of  apertui-e."  The  pos- 
sibility of  such  errors  he  iUustratcs  by  reference  to  the  cii-culation  as  seen 
mAnaclmris.  In  those  fronds  invested  with  a  mucous  sheath,  cilia  on  the 
suriace  of  the  lonca  could  perform  no  locomotive  function,  and  therefore  can 
scarcely  be  supposed  present.  Likewise  in  the  concatenated  species  they 
cannot  bo  looked  for  since  any  movements  they  possess  are  of  that  gencria 
Suence\nighf'        ™  ^V^S^S  from  vital  action  under  the 

Apart  from  this  inconsiderable  movement,  seen  under  the  microscope,  the 
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Desmidieffi  are  known  to  move  through  considerable  spaces.    They  travel 
towards  the  light ;  appear  on  the  side  of  the  vessel  on  which  the  Mght  faUs, 
or  rise  to  the  surface  and  form  a  pellicle  upon  it.    These,  and  the  analogous 
fact  of  their  penetrating  to  the  sui-face  of  mud  in  which  they  have  been 
imbedded,  when  exposed  to  Hght,  are  phenomena  common  to  the  Desnudie^^ 
with  other  Al-iB     "  Another  proof  (wntes  Mr.  Ealfs)  of  their  power  ot 
locomotion  is  afforded  by  their  retiring  in  some  instances  beneath  the  surface 
when  the  pools  dry  up,"  a  phenomenon  witnessed  also  m  the  case  of  other 
nlants    Braun  (H  S  p.  203)  casuaUy  refers  to  this  kmd  of  motion,  dependent 
on  the  resumption  of  vital  action.    The  Pmmm  curtum  (Cosmarium  curium 
Balfs)  which  grows  "  in  raiu-pools  which  are  alternately  qiuckly  tUed  and 
diied  up  in  the  changes  of  the  weather,  ascends  from  the  muddy  bottom, 
when  the  pools  fiU,  in  the  form  of  beautiful  bright  green  clouds,  produced 
bv  the  social  growth  and  the  very  fluid,  widely-extended  gelatmous  invest- 
ment of  the  ceUs."    The  movement  of  this  plant,  it  is  added,  is  more  active 
and  more  regular  than  that  of  other  Desmidieas,  and  "  it  is  a  remarkable 
sisht  to  behold  aU  the  individuals  in  a  dish  of  water  in  a  short  time  tain 
their  long  axes  towards  the  hght,  and  thus  arrange  themselves  m  beautiful 
streaks  in  the  gelatinous  mass.    Obseivation  likewise  shows  that  it  is  tHe 
yoimger  half  of  the  ceH,  distinguishable  as  such  for  a  long  time  after  division, 
which  here  turns  towards  the  light."  „    ,  ■,      n  -n  -j-^™ 

Contents  of  Feonds.— The  contents  of  the  fronds  or  fnistules  of  Desmidieae 
are  designated  generally  by  the  name  of  Endochrome  This  endochi-ome,  we 
have  abeady  remarked,  is  of  a  grass-green  colour,  and  contained  m  a  propei 
sac  lining  the  denser  lorica.  It  is  not  homogeneous,  btit  presents  numerons 
globules,  smaU  vesicles,  and  many  refracting  corpuscles;  it  is  commonly 
not  uniformly  diffused,  but  coUected  in  a  definite  manner  and  it  either  com- 
pletely fiUs  its  sac  or  leaves  it  unoccupied  at  parts,  which  not  seldom  are 
constant  in  position  and  aspect.  The  appearance  of  the  endochi-ome  ^ 
modified  by  age,  by  external  physical  circumstances,  and  by  the  piocess  ot 
?evdopment.  ^Nageli  and  BrU  describe  it  as  eonstitutang  two  layers 
witMn  the  primordial  utricle,  viz.  an  outer  and  an  inner  mucilaginous  layer, 
the  latter  the  thicker  of  the  two.  . 

Ehrenberg,  influenced  by  his  belief  of  the  animal  nature  of  the  Desmidiaeeaj 
and  by  his  peculiar  hypothesis  of  theii'  polygastric  orgamzation,  represented 
the  larger  vesicles  or  globules  to  be  digestive  sacs  or  stomachs  and  the 
smaller  green  corpuscles,  ova.  He  even  exerted  his  imag-mation  stiU  tm-ther 
bv  announcing  that  in  Micrasterias,  Arthrodesmus,  and  one  or  two  othei 
genera,  male  reproductive  stmcttu-es  are  visible.  These  suppositions  it  is 
not  necessary  to  discuss,  seeing  that  they  are  unsupported  by  any  lacts  in 
the  structiu-e  and  ceconomy  of  this  family.  -j-  ^ 

The  globules  and  corpuscles  of  the  endochrome  of  Desmidie^  seem  to 
differ  in  no  respect  from  those  in  other  Algae,  consisting  of  chlorophyU, 
starch,  and  of  oily  materials  floating  in  a  wateiy  mcchum.  in  most  species 
of  Closterium  and  of  Tetmemorus,  some  large  diaphanous  vesicles  are  con- 
spicuous, either  disposed  irregularly,  or  more  frequently  m  a  single  longi 
Snal  series  (11.  1,  12,  13).  These  have  the  appearance  oi  being  distinct 
cells-  and  Mrs.  Thomas  has  indeed  described  t^'o  such,  of  large  s  ze,  in 
Cosmarium  margaritiferum,  as  "  vesicles  filled  with  movnng  granules.  No 
doubt  many  of  the  a  Went  vesicles  are  nothing  more  than  vacuoles  which 
Tin  She?  protoplasmic  substances,  tend  to  arise  m  the  ceU-contents,  and 
mav  assume  a  fixity  in  size  and  in  position.  n  • 

The  several  species  of  CTo.s.<.;-/nm  and  of  7)o«rf«m^,  and  some  of  P.,mr»,, 
present  ako,  attach  extremity  of  the  ondoehrome  (II.  2,  0,  14),  "  a  large 
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hyaline  or  stra-w-colourccT  globule  which  contains  minute  granules  in  con- 
stant motion."  It  is  seen  even  in  the  earhest  stage  of  the  frustules,  but 
disappears  in  diied  specimens. 

In  addition  to  these  structures,  distingaiishablo  in  certain  genera  only, 
Niigeli  and  others  state  that  a  central  nucleus  exists  in  aU  the  Desmidiece, 
mostly  containing  within  itself  a  nucleolus.  "  In  Olosterium  (Braun  writes) 
the  nucleus  with  its  coloiu-less  mucilaginous  envelope  is  maintained  in  the 
centre  of  the  spindle-shaped  cell  by  the  green  lamellae  of  contents,  arranged 
rachantly  aroimd  the  long  axis  of  the  cell,  which  lameUas  are  interrupted  by 
it  in  the  middle  of  the  ceU.  In  many  cases  it  seemed  to  be  surrounded  as 
by  a  band,  or  by  a  cavity  containing  water." 

Niigeli  affirms  that  "  Arthrodesmus  possesses  a  smaU  coloiu-less  corpuscle  on 
the  wall  of  the  cell,  which  looks  Kke  a  nucleolus.  Euasttnim  also  exhibits 
frequently  among  the  green  contents  two  obscure  bodies  resembhng  nuclei, 
always  one  in  each  half,  when  the  division  through  the  middle  takes  place. 
These  are  not  attached  to  the  ceU-membrane,  but  he  free  in  the  midst  of  the 
cavity :  they  appear  to  possess  a  dark  centre  (nucleolus)  and  a  clear  peri- 
phery (enveloping  layer  ?)....  In  Closterium  a  nucleus  hes  in  the  centre 
which  possesses  a  thick  whitish  nucleolus  within  a  clear  enveloping  layer. 
It  is  coloured  brown  by  iodine,  and  wholly  resembles  the  nucleus  in  Sjpi- 
rogyra."  Probably  the  vesicles  mentioned  and  figured  by  Mrs.  Thomas  are 
really  nuclei  (I.  2,  5). 

There  is  something  special  in  the  disposition  of  the  endochrome  in  very 
many  of  the  Desmidieae.  On  a  front  view  of  Desmidium,  the  endochrome  is 
divided  into  hnear  portions  by  a  pale  transverse  line  between  the  angles ; 
and  on  a  transverse  view  it  is  seen  to  send  out  as  many  thick  rays  as  the 
cell  has  angles.  Again,  in  Cosmarium  Halfsii  the  endochrome  is  somewhat 
radiate ;  but  it  is  in  the  elongated  genera,  in  Penium  and  Closterium,  that 
its  disposition  is  most  characteristic.  In  both  these  genera  the  green  matter 
of  the  endochrome  seems  condensed,  so  as  to  produce  broad  longitudinal  bands 
(II.  2,  14),  technically  called  fillets,  which  have  their  continiiity  always 
interrupted  at  the  median  transverse  suture,  and  in  several  examples  of  the 
genus  Penium  by  three  cross  bands.  These  fillets  are  more  or  less  strongly 
marked  in  different  cases,  and,  it  may  be,  are  constant  in  number  in  the  same 
species.  Mr.  Ealfs  (p.  159)  tells  us  that  Meneghini  considers  them  of  too 
much  importance  to  be  omitted  in  the  specific  definition.  They  may  occa- 
sionally be  useful  in  discriminating  nearly  aUied  forms ;  but  as  they  are  fi-e- 
quently  indistinct,  or  from  various  causes  not  readily  counted  with  certainty, 
he  is  unwilling  to  introduce  them  into  the  specific  characters,  except  in  the 
absence  of  more  permanent  marks  of  distinction. 

CiECXTiATioN  OF  CONTENTS. — A  circulation  or  rotation  of  much  of  the  liquid 
contents  may  frequently  be  seen  in  the  Desmidieoe.  The  Clostcria  afford  the 
best  subjects  for  witnessing  this  phenomenon,  but  careful  focusing  and  other 
microscopical  adjustments  are  always  needed  to  display  it.  Even  Mr.  Ralfs 
had  failed  to  observe  it  until  he  watched  it  in  conjunction  with  Mr.  Bower- 
bank,  in  Closterium  Lunula  and  in  Penium  Digitus. 

Since  Mr.  Ralfs's  account  was  written,  much  more  attention  has  been 
bestowed  on  this  phenomenon ;  and  it  has  been  obsei-ved  by  eveiy  micro- 
scopist  who  has  sought  for  it.  The  Eev.  Mr.  Osborne  has  particularly  studied 
it,  and  has  come  to_  the  conclusion  that  it  is  duo  to  cihary  action.  "  If 
(he  writes,  J.  M.  S.  ii.  235)  I  put  a  specimen  on  the  stage,  cover  the  stage 
so  as  to  exchido  the  hght,  use  the  parabohc  illuminator  with  the  direct  hght 
of  the  sun,  in  certain  focal  positions  I  see  what  appear  to  bo  cilia  working 
evenly  and  continuously  along  the  whole  external  margin  of  the  plant.  I 
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am  inclined  to  believe  that  this  is  not  so,  that  this  is  some  ocular  deception, 
and  that  these  cilia,  so  seen,  are  within  the  outer  case.  It  may  be  that  these 
cilia  are  on  the  external  surface  of  the  membranous  sac,  as  well  as  over  the 
endochrome ;  more  practised  observers  with  higher  powers  may  yet  determine 
that.  Of  the  existence  of  the  cilia  throughout  the  plant  there  can  be  no 
doubt,  and  no  object  I  have  ever  seen  wiU  bear  comparison  with  this  when 

beheld  under  sunlight  It  is  seldom  that  I  can  trace  a  current  up  one 

margin,  and  round  the  point  down  the  other ;  these  currents  seem  to  me  as 
the  rule  to  pass  from  the  point,  when  they  reach  it,  down  to^the  centre  of 
the  spot  where  the  cilia  are  seen  terminating  the  endochrome." 

In  a  second  part  of  this  communication  the  writer  adds  :     I  have  scarcely 
failed  in  one  attempt  to  see  the  circulation  and  ciliary  motion  in  the  Clos- 
terium  Lunula.  I  tried  today  heating  a  httle  water,  by  putting  a  small  bottle 
in  a  cup  of  warm  water;  the  effect  seemed  to  retard  the  cii'culation,  but  to 
make  the  globules  larger.  I  have  traced  it  over  the  whole  extent  of  the  en- 
dochrome, but  it  is  best  seen  at  the  convex  side  a  short  way  from  the  edge,  i 
am  more  than  ever  convinced  the  cyclosis  is  the  waving  of  attached  tongues 
of  cilia.    The  specimens  are  capricious  in  the  results  they  afford ;  they  show 
best  when  the  sun  has  been  on  the  jar  for  a  time.    I  have  watched  the  move- 
ments of  the  globules  in  Vallisneria,  Nitella,  Sec,  an,d  they  are  to  me  altogether 
of  a  different  nature  to  that  in  the  Closterium,  Sec.    To  my  eye  there  is  no 
real  analogy  between  this  circulation  and  that  in  the  above  plants ;  but  there 
is  much  more  with  the  branchial  action  in  the  mussel."    Mr.  Jabez  Hogg  s 
supplementary  notes  to  Mr.  Osborne's  paper  represent  the  whole  frond  as 
"brilliantly  glittering  with  the  moving  and  active  cUia ;  whilst  m  the 
cyclosis  numerous  zoospores  were  most  actively  moving  about  by  the  same 
agency.    When  the  sunlight  falling  on  these  Uttle  bodies  warmed  them  into 
life  and  motion,  the  rapid  undulations  produced  by  the  action  of  the  cilia 
illuminated  the  whole  frond  with  a  series  of  most  charmmg  and  dehcately- 
coloured  prismatic  fringes  or  Newton's  rings.    The  motion  and  distiibution 
of  the  cilia  must  be  seen  by  the  aid  of  the  direct  sun-rays  and  parabola ;  tor 
although  I  tried  every  other  mode  of  iUumination,  and  with  Mr.  Brooke  used 
Gillett's  condenser,  yet  neither  of  us  noted  satisfactorily  their  situation  and 
distribution  until  we  resorted  to  the  parabola.    At  the  same  time  the  cir- 
culation may  be  most  accurately  observed  to  take  place  over  the  entire 
surface  of  the  frond.    The  stream  is  best  seen  to  be  runmng  up  the  external 
margin,  iust  internal  to  a  row  of  cilia,  with  another  taking  a  contraiy  direc- 
tion next  to  the  sen-ated  ciliary  edge  of  the  endochrome;  the  whole  being 
restricted  to  the  space  between  the  mass  of  endochrome  and  hyaline  integument 
passing  above  and  around  the  cyclosis,  but  not  entermg  into  it. 

Another  writer  (J.  M.  S.  1855,  p.  84),  Mr.  Western,  adduces  an  observa- 
tion wHch  he  believes  to  confirm  the  presence  of  ciha  m  Closterium  and 
even  goes  so  far  as  to  advance  the  notion  that  the  cii'culation  m  the  ceils  ot 
Chara,  and,  by  analogical  reasoning,  in  those  also  of  other  water-plante, 
originates  in  ciHary  movements.  In  Chara,  as  in  Clostetium,  he  tells  us,  Ue 
observed  "  precisely  the  same  appearances,  the  same  rapid  undulations,  to- 
gether with  the  same  brilhant  coruscations."  Dr.  Wright  whose  contribu- 
tion in  the  same  Journal  (1855,  p.  171)  we  have  previoiisly  quoted,  admits 
the  presence  of  ciha,  and  starts  the  extraordinaiy  supposition  that  the  circu- 
lation of  the  contents  of  Closterium  is  carried  on  through  canals  or  vessels 
which  he  describes  as  marginal,  and  that  it  is  independent  "  of  a  frequent 
irregular  movement  of  granules  of  endochrome  more  resembhng  imperfect 

^^iPow  doctrines  concerning  the  physiology  of  animal  and  vegetable  ccUs  be 
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at  all  correct,  the  statements  above  quoted  respecting  the  ciliary  origin  of 
cyclosis,  and  more  particularly  the  hypothesis  of  a  vascular  system,  are 
scarcely  or  not  in  any  way  admissible.  We  are  disposed  to  attribute  the 
appearances  so  intei-preted  to  misconception.  Dr.  Wright's  notion  of  canals 
or  vessels  is  equally  extravagant  with  that  once  advanced  by  Schultze,  of  the 
network  of  sap-vessels  in  and  about  the  cells  of  plants,  and  requires  no  dis- 
cussion. The  opinion  of  Mr.  Osborne  that  the  currents  in  Glosteria  and  other 
DesmidieiB  are  due  to  ciha,  and  are  not  analogous  with  the  in  all  respects 
similar  currents  in  the  cells  of  various  aquatic  plants,  is  simply  an  assump- 
tion, and  one  iadeed  in  oj)position  both  to  what  an  unbiassed  observation  of 
the  phenomenon  in  the  two  sets  of  plants  would  suggest,  and  to  what  com- 
parative physiology  would  teach.  Again,  the  analogy  he  suggests  between 
his  supposed  ciHaiy  cyclosis  and  the  cihaiy  action  of  the  branchiEe  of  the 
mussel  will  be  inconceivable  to  any  one  who  understands  the  structiu'e  of  the 
branchial  apparatus  of  Mollusca,  the  distribution  of  the  ciha  on  the  external 
surface  of  a  mucous  membrane,  and  their  office  there  in  providing  for  the 
active  performance  of  the  respiratory  function.  Analogy  would,  indeed,  in- 
duce us  to  believe,  that  if  cilia  are  the  motory  organs  of  the  cyclosis  of 
•Desmidiese,  they  are  equally  so  of  that  in  other  unicellular  Algse,  as  well  as 
of  that  in  the  cells  composing  the  tissue  of  compound  forms.  If  so,  we  might 
adopt  Mr.  Western's  belief  in  the  existence  of  cilia  wherever  a  cu-culation  of 
the  contents  of  cells  is  visible,  did  not  our  opinion  of  the  natui-e  of  cells  and 
of  the  histological  relations  of  their  parts  deter  us  from  accepting  the  doc- 
trine at  all  of  the  presence  of  internal  cilia  vsdthin  unicellular  organisms. 

Then,  again,  we  cannot  see  the  necessity  of  a  ciliary  apparatus  to  secure  the 
fluctuating,  oscillating  or  irregular  and  mostly  incomplete  movements  of  the 
corpuscles  within  the  cells  of  Desmidiefe.  To  us  such  movements  are  expli- 
cable by  reference  to  the  changes  ensuing  in  the  nutritive  processes  of  the 
living  organism,  and  to  the  currents  caused  by  the  ever-acting  endosmose  and 
exosmose.  Moreover,  it  should  be  borne  in  mind  how  exceedingly  minute 
these  molecular  movements  are ;  how  very  inconsiderable  the  space  passed 
through  is ;  how  sluggish,  compared  with  those  due  to  undoubted  ciliary  ac- 
tivity, the  movements  themselves  are.  But  in  addition  to  arguments  deducible 
from  analogy  and  general  morphology,  those  put  forward  by  Mi\  Wenham, 
resting  on  direct  observation  and  experiment,  seem  to  us  strongly  adverse  to 
Mr.  Osborne's  hypothesis,  and  indicate  it  to  be  a  consequence  of  optical  de- 
ception. At  a  preceding  page  (p.  5)  we  have  quoted  Mr.  Wenham's  remai'ks 
on  the  deceptive  effects  produced  in  viewing  objects  by  oblique  sunlio-ht  or 
by  any  powerful  source  of  iUumination,  and  by  the  use  of  a  large  ano-le  of 
aperture ;  we  wiU  here  add  his  comparative  obsei-vation  of  the  circulation  of 
Ancichans  In  viewing  this,  he  teUs  us  {op.  cit.  p.  159),  "  with  a  large  aper- 
ture, the  chlorophyU-granules  traversing  along  a  straight  and  thin  septiun  ("if 
the  position  IS  favourable)  appear  to  project  into  the  neighboui-ing  cell,  seem- 
ing to  pass  directly  under  the  Hue  of  the  ceU-wall.  Smaller  particles  ^vill 
apparently  travel  within  the  substance  of  the  ceU-wall;  and  in  case  of  a 
boundary  or  smg  e  ceU,  or  m  uniceUular  plants,  if  the  surrounding  water  ha^ 
nearly  dned  up,  the  iim  or  pnsm  remaining  round  the  exterior  (by  the  way, 
condition^  under  which  Mr.  Western  made  liis  obsei-vatiJn)  causes 

f  ™^^''i'V^°?^''^'^'^'  of  protoplasm  to  appear  ouiu^.  the 
ceU  bearing  such  a  remarkable  similarity  to  external  ciha,  that  the  passing 
shadows  may  even  be  mistaken  for  cm-rents  in  the  water  " 

f\*^^  mcompleto  rotation  or  circulation  of  the  contents  just  con- 

wS'i  ''t  ""i'^^?  ^"^^^^^         «^  movement  of  minute  granules 

within  an  apparent  globiUar  vesicle  situated  at  each  end  of  the  elongated 
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fronds  of  some  Desmidieee,  e.g.  of  DocicKwn  and  of  Closterium.  The  vesicles 
in  question  are  known  as  the  "  tenninal  globules,"  or  chambers  and  would 
appear  to  be  actuaUy  invested  with  a  membrane,  and  therefore  distinct  en- 
closed sacs.  In  Closterium  rostratum  and  G.  setaceum,  the  coUection  of  moving 
granules  is  at  a  distance  from  the  extremities,  and  apparently  not  contained 
^thin  a  vesicle.  In  aU  species  exhibiting  terminal  globules  these  structures 
appear  in  their  earliest  stage,  but  disappear  when  they  are  dned. 

Ehxenberg  imagined  the  supposed  retractile  locomotive  organs  to  be  fixed 
to  these  globules,  and  that  the  granular  movement  within  them  was  no  other 
than  that  of  the  bases  of  these  organs.    Mr.Varley  described  the  chambers 
as  having  contractHe  walls,  and  the  molecules  as  transparent  spheroids  mea- 
surine  from  l-20,000th  to  l-40,000th  of  an  inch,  sometimes  escaping  from 
their  chamber  and  cii^culating  vaguely  and  irregularly  between  the  peiiphery 
of  the  gelatinous  body  and  the  sheU.    Mr.  EaKs  regarded  the  tennmal  glo- 
bules to  be  peculiar  to  the  Closterina ;  yet  their  contained  granules  seemed  to 
him  "to  differ  in  no  respect,  except  in  position  and  uninterrupted  motion, 
from  other  granules  in  the  same  frond."    He  once  saw  t^e  motion  continue 
X  their  Lcape  from  the  ceU.    Mi'.  Osborne  (op.  at.  p.  235)  behoves  the 
gramiles^    be  lihaiy  bodies.    He  writes :  "  At  the  extremities  of  the  green 
mSer  there  are  certain  bodies  acting  with  a  cihaiy  movement  within  what 
Z  been  caUed  a  chamber,  lying  towards  the  point  of  the  membranou.  sa  ; 
certain  bodies,  apparently  of  the  same  Mnd,  separate  from  the  endochi-ome  m 
a  sS  mass, 'appearing 'at  the  extreme  end  of  this  ^^-^-^^^^ll^^^l''^^^^^ 
the  side  close  to  the  end ;  these  also  impart  a  ciliary  movement  to  the  water 
^tMn  the  sac  around  them."    He  adds  (p.  239)  :  "  When  the  e-^ochrome 
Tof  a  rich  dark  gveen,  I  find  the  chamber  at  the  extremity  veiy  plam  and 
deW^th  its  cilia  W  active.  .  .  .  As  the  endochrome  gets  of  a  lighter 
cd^^  .    the  chamber  becomes  smaHer  and  the  ciha  are  bare  y  «een."  At 
Mr  Osborne  fruther  states,  "  The  loose  bodies  seen  m  the  chamber  of 
Wahave  very  generaUy  cilia,  and        ^  J-^-/;  ^^^^^^^^ 
loose  pieces  of  endochi-ome  are  sometimes  brought  roimd  m  the  cunent  but 
Ihese  are  easHy  distinguished.   I  have  never  seen  -I^^JS 
i.  e.  molecules  in  circular  movement,  within  the  so-called  chambe 

Of  the  purpose  of  the  moving  granules  within  the  terminal  globules  the 
prevailing  notion  is  that  they  are  zoospores.  Meyen  hteued  the^  to  the 
?"pennatie  animalcules  of  plants  ;"  and,  as  above  ^f^'f  ^  ^^^eTcloS 
move  about  as  do  the  zoospores  of  other  Algae  when  freed  from  the  enclosm 
capsule  and  frond.  So  far  as  we  can  gather  from  his  remarks,  M  .  Osbome 
also  inclines  to  this  opinion,  which  is  likewise  supported  by  Mis.  Thomas 

^\^a?;  soi??'thafwe  can  present  no  more  definite  views  concerning  the 
natore,  charalers,  and  purpose  of  the  terminal  globules  than  those  compi-^d 
Si  the  foregoing  extracts.  We  find  no  similar  globules  in  other  Alga3,  and 
Serefore  obtain  no  guide  from  analogy;  indeed 

peculiar  to  the  elongated  Desmidiea^to  the  genera  Closte>-mm,  '  ^J^^ 

Dociclium;  we  must  consequently  look  to  subsequent  research  to  elucidate  the 

nttherfori  o^Tt^^:^^^^^^^^^  more  prevalent  among  the  Desmito 
than  ?hat  last  considered,  is  «  the  swarming  motion^  so  caUed,  «een  either  at 
nnror  two  parts  of  the  f^oiid  when  matiu-e,  or  othei-wise  throughout  ite  con- 
ws  Ha4ig  once  commenced,  it  never  cea.es,  but  extends  itself,  and 
Sees  changes  in  the  natm-e,  appearance,  and  colovu-  of  the  c^dochi-ome  ; 
Sr  S  loses  its  grass-green  colmu-,  acquires  the  autuninal  yeUmvish  or 
fedd^^-bro^  tint,^uid  a  finely  granular  aspect.    When  the  granules  burst 
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through  the  openings  of  the  sutm-e  between  the  valves,  they  escape  to  a 
distance  and  still  keep  up  their  active  movement. 

In  the  genus  Cosmarium  this  phenomenon  is  frequently  and  readily  ob- 
sei-ved.  Mrs.  Thomas,  in  her  interesting  obsei-vations  on  Cosmarium  mar- 
(jarltifenim  (T.  M.  S.  1855,  p.  33),  has  detailed  the  following  appearances: — 
"  In  each  half  (she  wiites)  the  centre  was  occupied  by  a  vesicle  (as  it  appeared) 
filled  with  moving  granules,  while  smaller  vesicles  were  at  the  four  sides 
(I.  2).  The  granules  did  not  appear  to  cii'culate  through  the  plant,  but  kept 
to  their  own  place,  which  was  either  a  bag  or  cavity — I  could  not  decide 
which."  In  another  example  "  the  granules  were  swarming  over  the  whole 
plant." 

These  peculiar  movements  of  the  granules  are  not  restricted  to  this  tribe, 
but  are  known  to  occm-  in  many  genera  of  Algae.  Their  piu'pose  seems  con- 
nected with  the  reproductive  process.  Mrs.  Thomas  (Zoc.  cit.)  refers  to  it  as 
in  some  way  related  with  the  formation  of  sporangia ;  whilst  Mr.  Ealfs,  who 
speaks  of  the  swarming  particles  as  "  zoospores,"  confesses  himself  perfectly 
unacquainted  with  their  subsequent  history,  although  he  coincides  with  Pro- 
fessor Harvey  in  regarding  the  phenomenon  of  swarming  as  a  "  strictly  vege- 
table peculiarity." 

EEPEODUCTioif  Ojf  DESMlDIEiE. — TMs  function  presents  itself  under  two 
phases,  the  end  of  one  of  which  is  to  multiply  or  perpetuate  the  iadividual 
plant,  whilst  that  of  the  other  is  to  reproduce  the  species.  The  fonner  pur- 
pose is  attained  by  the  process  of  fission,  the  latter  by  that  of  the  development 
of  sporangia,  and,  it  may  be,  by  the  swarming  of  zoospores. 

The  act  of  self-division  is  frequently  observed,  and  is  in  all  respects  the 
same  process  as  iu  the  cells  of  other  Algse,  or  indeed  of  any  plant.  Analogy, 
and  not,  iadeed,  direct  obsei-vation,  suggests  as  necessary  the  initiative  action 
of  a  nucleus  to  precede  the  constriction  of  the  soft  lining  sac  of  the  lorica, 
i.  e.  of  the  piimordial  membrane,  which  is  next  followed  by  that  of  the  harder 
external  coat.  The  proceeding  is  varied,  iu  some  non-essential  particulars,  by 
thefigaire  of  the  fronds,  and  also  by  the  circumstance  of  its  own  completeness 
or  incompleteness.    Mr.  Ealfs  has  well  described  the  fission  of  Euastnmi  {op. 
cit.  p.  4).    The  narrow  connecting  band  between  the  two  segments  of  the 
frond  lengthens  and  is  "  converted  into  two  roundish  hyaline  lobiiles  ; "  these, 
thoiigh  at  first  very  minute,  increase  rapidly  in  size,  and  exhibit  from  their 
origin  the  deep  constriction  characteristic  of  the  mature  fr'onds.  The  advancing 
growth  of  the  interposed  new  fonnations  necessarily  pushes  further  asunder  the 
ong-mal  segments,  which  fiLnally  become  disconnected,  "  each  taking  with  it  a 
new  segment  to  supply  the  place  of  that  from  which  it  has  separated.   .  At 
first  the  new  portions  are  devoid  of  colour,  and  have  much  the  appearance  of 
condensed  gelatme ;  but  as  they  increase  in  size  the  internal  fluid  acquii-cs  a 
green  tint,  which  is  at  first  very  faint,  but  soon  becomes  darker;  at  length 
It  assumes  a  granular  state.    At  the  same  time  the  new  segments  increase 
m  size  and  obtain  their  normal  figui-e ;  the  coveiing  in  some  species  shows 
the  presence  of  puncta  or  granules,  and,  as  in  XmitJvidimn  and  Stawastnim, 
the  spines  and  processes  lastly  make  their  appearance,  beginning  as  mere 
tubercles,  and  then  lengthening  until  they  attain  their  perfect  form  and  size. 
Complete  separation,  however,  often  occiu-s  before  aU  these  details  of  develop- 
ment are  complete  (II.  11,  24,  26).    This  singidar  process  is  repeated  again 
and  again,  so  that  the  older  segments  are  united  successively,  as  it  were,  with 
many  generations."    Illustrations  of  this  act  are  fiu-nished,  in  the  case  of  two 
species  of  Co.s.marium  m  the  appended  plates  (I.  4;  II.  2G),  to  Avhich  tiic 
above  account  will  be  found  equally  well  to  apply 

"In  Sphcerozosma  the  same  changes  take  place  (L.  i;),  and  arc  just  as 
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evident;  but  the  cells  continue  linked  together,  and  a  filament  is  formed, which 
elongates  more  and  more  rapidly  as  the  joints  increase  in  number.  This 
contiaued  multiphcation  by  division  has  its  limits  ;  the  segments  gradually 
enlarge  whilst  they  divide,  and  at  length  the  plant  ceases  to  grow;  the  division 
of  the  cells  is  no  longer  repeated ;  the  internal  matter  changes  its  appearance, 
increases  in  density  and  acquires  starch-granules,  which  soon  become  nume- 
rous •  the  reproductive  granules  are  perfected,  and  the  individual  perishes. 
In  a 'filament  the  two  oldest  segments  are  found  at  its  opposite  extremities; 
for  so  long  as  the  joints  divide,  they  are  necessarily  separated  further  and 
further  from  each  other.    Whilst  this  process  is  in  progi'ess,  the  filament  in 
Sphcerozosma  consists  of  segments  of  aH  sizes  (1. 11) ;  but  after  it  has  reached 
iMturity  there  is  httle  inequality  between  them,  except  m  some  of  the  last- 
formed  segments,  wHch  are  permanently  smaUer.  The  case  is  the  same  with 
those  o-enera  in  which  the  separation  of  the  cells  is  complete ....  It  is  obvious 
that  the  new  portions  must  arise  from  the  whole  of  the  junction-margm  ot 
the  original  valves ;  consequently  when  the  junction  occupies  only  a  part  ot 
the  breadth,  the  new  portion  will  be  narrower  than  the  old;  but  when  the 
iunction  of  the  valves  is  as  broad  as  the  ceH,  the  new  portion  [wtU  from  the 
beginning  be  of  the  same  breadth,"  and  wiU  remain  undistinguishable  by  its 
size  when  fission  is  complete.  „  .    , ,  ^  a 

Mr.  Balfs  goes  on  to  say  that,  "  when  the  ceU  is  oblong  or  only  rounded 
at  the  extremities,  the  process,  though  similar,  is  less  evident ;  the  ceU  at 
first  seems  merely  to  elongate  (II.  11),  ^y^^^^'^^'^'^^l^^'J^ 
oinal  length,  when  the  division  commences,  and  the  rounding  of  the  new  ends 
Smes  apparent.  The  tapering  cells  present  but  little  difference,  for  the 
sepTation  tekes  place  before  the  extremities  are  fiilly  developed;  sometames 
these  cells  separate  obhquely,  as  m  Spirotcmia:' 

The  mode  of  seK-division  in  Closterium  has  been  illustrated  by  the  ]^v. 
Mr  Osborne  (J.  M.  S.  1854,  p.  57),  from  whose  account  we  abstract  the  toi- 
S  particulars:-"  I  have  (he  says)  watched  for  hours  the  proce^  of 
complete  self-division ;  one-haK  of  the  frond  has  remained  pas^ve  the  othei 
haXd  a  motion  from  side  to  side,  as  if  moving  on  an  axis  at  the  Point  °f 
iiSctoe  ;  the  separation  has  become  more  and  more  ^rdenVte  motaon  more 
aST-ntU  at  last,  with  a  jerk,  one  segment  leaves  the  otheiV'  each  tog 
one  eitremity-the  one  newly  formed  along  the  hue  of  junction  of  the  two 
segmen  s- Juch  more  obtuse  than  the  other.      The  circidation  of  the  con- 
5m  globules  for  some  hours  previous  to  subdivision,  and  for  some  few  hours 
afterwards,  runs  quite  round  the  obtuse  end  of  ^l^e  endochi-ome 

Previously  to  complete  separation  each  segment  begins  to  show  a  central 
constriction  of  its  endochrome,  wHch  in  due  time  extends  across  the  new 
frond,  and  constitutes  the  median  clear  space  or  band.  ,,„„7;„„ 
A  true  reproductive  act  is  presented  by  the  act  of  conjugahon,  or  couphi^ 
of  two  fronds,  and  by  the  resultant  development  of  a  «P°?-^^^^ j,?^^^;  ^' 
XVI  11  12,13,14):  This  process  consists  in  the  apposition  and  subsequent 

^tercommuMcation  of  the  cavities  and  contents  of  bvo  cells,  -^y  /;^. 

free,  or  othei-wise,  members  of  a  chain  or  filament.  It  is  an  act 
to  the  Desmidiea.  but  common  to  them  along  with  the  DiatomeaB  and  Con 
Latl  "In  the  family  Conjugate  (says  Mr.  Ralfs)  the  cells  /'^'^•l^f^f 
StstiU  forming  parts  of  a  filament ;  but  in  the  Desmidie^e  the  filamcnt^^^^^ 
ledes  almost  invariably  separate  into  single  joints  before  therr  cowboy 
and  in  most  of  the  species  the  valves  of  the  cells  become  detached  after  they 
a?e  cmp^cd  of  their  contents."  To  bring  about  the  necessary  apposition  it 
fs  usil  for  the  conjugating  cells  to  expand  or  bulge  out  on  those  sides  which 
nreTcome  into  uidon ;  and  whilst  this  is  proceeding,  the  vesicles  or  globules 
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increase  much  in  number,  and,  together  with  the  granular  contents,  become 
aggregated  about  the  conjugating  part.  When  contact  is  complete,  an  absorp- 
tion of  the  opposed  walls  of  the  two  cells  takes  place,  or  the  sutui-e  of  each 
opens,  the  endochrome  from  both  is  discharged  and  intermingled,  and  an 
orbicular  green  granular  mass,  enveloped  in  a  mucous  sheath  thrown  out 
around  it  by  the  conjugating  cells,  is  produced.  When  the  process  has  pro- 
ceeded thus  far,  the  original  valves  are  more  or  less  completely  emptied  of 
their  contents,  lose  their  vitality,  and  are  sooner  or  later  detached,  and  float 
away  from  the  sporangium  developed. 

The  foi-mation  of  a  sporangium  by  conjugation  occupies  no  great  time. 
Indeed,  in  the  case  of  Olosterium  Ehrenbergii,  the  Eev.  W.  Smith  teUs  us 
that  "  the  discharge  of  the  endochrome  and  the  formation  of  the  sporangia 
are  accomplished  with  much  rapidity,  and  may  often  be  seen  taking  place  in 
the  field  of  the  microscope ;  the  whole  operation  not  occupying  more  than 
a  few  minutes ....  During  the  fonnation  of  the  sporangia  there  appears  to 
be  a  second  development  of  mucus  in  the  form  of  rings  around  the  reproduc- 
tive bodies  ;  this  is  probably  only  the  effect  of  the  pressure  produced  by  the 
growth  of  the  sporangia  on  the  mass  of  investing  mucus." 

This  act  of  conjugation  admits  of  slight  variations  in  character,  determined 
by  the  form  of  the  conjugating  cells,  and  by  other  circuiastances  peculiar  to 
the  tribe,  family,  or  genus  in  which  ia  it  occurs.    In  the  filamentous  species 
of  Desmidieae,  the  joints,  as  before  noted,  usually  become  separated  before 
their  conjugation  ;  and  in  most  instances  the  old  valves  left  empty  after  the 
act  of  conjugation  are  almost  immediately  detached  from  the  sporangium ; 
but  in  a  few  species  they  persist  some  time  afterwards,  e.  g.  in  several  of 
Penium.    In  Didymoprium  the  separated  joints,  on  conjugating,  unite  by 
means  of  a  narrow  process  pushed  out  from  each,  and  often  of  considerable 
length ;  through  this  the  endochrome  of  one  ceU  is  transferred  into  the  other, 
and  thus  the  sporangium  is  produced  within  one  of  the  two  cells,  just  as  in 
the  Conjugatae.     In  Staurastrum  and  Micrastenas  the  contents  of  both 
fronds  are  discharged  into  a  dehcate  intermediate  sac  or  bag,  which  gradually 
thickens,  produces  eminences,  and  at  last  forked  spines  (II.  25).    Again,  in 
Tetmemorus,  "  the  process  of  forming  the  sporangium  (says  Mr.  Ralfs)  is 
interesting,  as  it  exhibits  a  strildng  similarity  to  the  change  during  the 
formation  of  sumlar  bodies  in  Staurocarpus  among  the  Conjugatee.  In 
Staurocarpus,  after  conjugation,  a  subquadrate  cell  is  formed,  within  which 
the  endochrome  is  coUected.    The  latter  is  at  fii-st  of  the  same  figaire  as  the 
cell,  but  in  at  least  one  species  is  at  length  condensed  into  a  compact 
globular  body,  and  in  every  species  the  ceU  with  the  contained  sporaucium 
finaUy  separates  from  the  filaments  with  which  it  is  connected.    In  this 
separate  state  I  can  discover  no  character  by  which  to  distinguish  the 
sporangium  oi  Tetmemorus  from  one  belonging  to  a  species  of  Staurocarpus  " 
To  quote  the  same  authority,— « In  Pmmm  Jenneri  the  conjugating  fronds  do 
not  open  and  gape  at  the  suture,  as  is  usual  in  the  Desmidiete,  but  couple  by 
smaU  and  distmct  cyhndrical  tubes  like  many  of  the  Conjugate  In 
Closterium  two  fronds  unite  by  means  of  projections  arising  at  the  junction  of 
the  two  segments,  and  then  the  newly-formed  portion  continues  to  enlarge 
until  the  original  segments  are  separated  by  a  ccU  of  an  irregular  figure  (II. 
5,  6).  The  contents  of  the  fronds  being  collected  in  this  cell  become  a  dense 
seed-hke  mass,  which  is  sometimes  globular,  resembling  the  sporangium  of 
ilfoufirsofza  and  sometimes  square,  Hke  that  of  Staurospermmn.    The  newly- 
formed  ceU  18  thinner  and  generaUy  paler  than  the  segments  of  the  fronds ; 
msome  species  it  looks  hko  a  prolongation  of  the  segments,  and  in  othei-s 
these  are  so  loosely  attached  that  their  connexion  is  scai-cely  perceptible 
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The  coiipling  of  the  fronds  generally  takes  place  from  the  convex  margin, 
but  may  occur  on  the  concave,  or  even  the  convex  margin  of  one  frond  may 
couple  with  the  concave  of  the  other."  _ 

The  Rev   W   Smith  (A.  N.  H.  1850)  represents  the  conjugation  ot 
Closterium  'Ehrmbergii  to  be  pecuHar  (XVI.  11,  12,  13,  14)     The  &st 
Tjhenomenon  (he  tells  us)  is  an  alteration  in  the  granular  condition  of  the 
endochi-ome.    This,  from  a  Hght  yeUowish  green,  passes  to  a^  much  darker 
shade,  and  the  larger  granules,  or  "diaphanous  vesicles    of  Ealis,  which 
were  originaUy  few  in  number,  and  arranged  in  a  somewhat  irregular  longi- 
tudinal series"  (XVI.  10),  become  exceedingly  numerous  and  pervade  the 
entire  frond.    We  this  change  is  about  taking  place,  the  fronds  approach 
in  paii-s,  approximating  by  theii-  concave  siufaces,  and  finaUy  coming  into 
such  close  neighbourhood  that  their  inflated  centres  are  m  contact  and  their 
extremities  shghtly  overlapped  (XVI.  11).    In  a  short  time  probably  in  the 
course  of  twenty-four  hours,  a  remarkable  change  takes  place,  both  m  the 
appearance  and  condition  of  the  fronds  ;  a  mass  of  dehcate  mucus  is  secreted 
around  the  approximated  fronds  ;  these  remove  to  a  httle  distance  from  each 
other,  undergo  "  seK-division,"  and  present  altogether  an  m-egular  oval  figiire, 
?he  o  itUne  of  wHch  is  formed  by  the  periphery  of  the  mucus  the  foiir  di^a- 
sions  of  the  fronds  being  placed  in  the  middle  in  a  somewhat  quadnlateral 
manner  (XVI  12).    Dming  the  progress  of  ceU-division,  the  internal  mem- 
brane of  the  ceU-wall  becomes  enlarged  at  the  suttu-e  or  hue  of  separation, 
aS  projects  in  the  form  of  an  irregular  cone,  with  a  blunt  or  rounded  apex 
foning  a  beak,  whose  side  view  presents  a  triangtilar  outhne.    This  beak 
beXies  filled  ^th  endochrome,  either  by  the  dilatation  or  increase  of  the 
coSts  of  the  haJf-fi-ond,  and  the  divided  frond  assumes  the  appearance  of 
one  S  two  unequal  segments  (12),  being  what  M.  Moi-ren  caUs  '  a  C  os- 
ieriZ  of  two  unequal  cones."  On  these  membranous  expansions  at  the  con- 
cave sui-faces  of  the  fronds,  and  close  to  the  ongmal  sutoes,  there  appear, 
atoosSiltaneously  with  the  formation  of  the  beaks  two  cuxular  projec- 
t's Xt,  rupturing  at  their  apices,  give  egress  to  the  dehcate  sacs  which 
endosrthe  endochrome,  and  wHch,  drawing  with  them  theu-  contents  and 
meeSg  w^th  the  endochrome  sacs  emitted  through  similar  projections  from 

fnm'ilv  ^v  delScence  at  the  centml  transverse  sutui-e,  and  the  consequent 
ScenL  ofTe  contents  of  the  two  ceUs  into  a  roimded  or 
r  oS^ation  which  talhes  witii  the  acco.^t  P-n^  -^^^ 

membrane  [and]  the  -P-^^  ^^^^  out  of  the  mere 

of  the  contents  ^l^thed  by  the  mt^^f^^^^^^^  ^^J^ 
contents  as  a  new  ceU  mside  the  "lother  cOh  ^^^^^J  membrane, 

Desmidiese,  "  the  conjugating  ^^^^^'Xc^^^^^^  out  of  the  mere 

unite  through  the  inner ;  the  h^^^^^eU;^^    By  the  fii^t-named 

contents  as  a  new  cell  mside  t^^^^J^^^^^^^^^^^  .  ^ot^  direct  result  of 
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jiigation-coll,  in  the  strongly  expanded  isthmus  of  this.  The  delicate  internal 
membrane,  with  the  contents  enclosed  by  it,  di'awng  itself  out  of  the  extre- 
mities of  the  double  cell,  forms  a  seed-ceU,  at  first  cruciate,  foiu'-lobed,  then 
bluntly  quadi-angular,  and  finally  globular,  clothed  by  a  many-layered 
thickened  membrane  within  the  persistent  four-horned  conjugation-cell. 
From  Ealfs's  representation,  this  is  most  probably  the  way  in  which  the  pro- 
cess is  to  be  understood  in  Gylindrocystis  (Peniuni)  Brebissonii." 

The  second  mode,  when  the  union  of  the  isolated  cells  is  also  lateral  and 
parallel,  is  exemplified  in  Closterimn  Lunula,  in  which,  according  to  Morren's 
express  statement,  thi-ee  different  membranes  take  part  in  the  formation  of 
the  canal  of  union, — an  inner  and  an  outer  ceU-membrane,  and  a  membrane 
(the  primordial  utricle)  immediately  enclosing  the  green  mass.  The  glo- 
bular reproductive  cell  formed  iu  the  connecting  canal  is  an  active  gonidium, 
which  begins  to  revolve  even  while  iu  the  canal,  and  soon  breaks  through  the 
gelatiuously-swollen  membrane  of  the  latter.  Very  often  two  approximated 
iadividuals  divide  again  and  conjugate  before  they  have  completely  separated, 
whence  result  conjugated  double  pairs. 

The  third  scheme  of  conjugation,  the  most  widely  extended,  is  itself 
reduced  by  Eraun  to  two  principal  secondary  varieties,  and  to  several  sub- 
sidiary ones.  Thus  conjugation  takes  place  either  in  a  parallel  position  or  in 
a  crossed  (decussate)  manner.  The  former  is  peculiar  to  the  Closterina ;  the 
latter  is  met  with  ia  Euastrum  and  aUied  forms,  and  also  in  many  genera 
formerly  united  with  Desmidium.  The  modifications,  in  various  species,  of 
these  plans  are  well  explained  in  Braim's  work,  to  which  we  would  refer 
for  particulars,  as  well  as  for  an  elucidation  of  the  production  of  a  "  really 
double  spore  (not  two-lobed,  as  Ealfs  terms  it)  "  in  Olosterium  Imeatum. 

The  next  question  which  presents  itself  is,  whether  the  product  of  con- 
jugation is  to  be  esteemed  a  spore  or  a  spore-case,  i.  e.  a  sporanc/ium.  That 
the  latter  is  its  natm-e  appears  pretty  clear,  and  is  assumed  as  a  fact  by  -Mr. 
Ealfs._  This  authority  observes:  "The  sporangia  I  consider  capsides,  and 
this  view  seems  to  be  confirmed  by  the  experience  of  Mr.  Jenner,  who  states 
that  the  covering  of  the  sporangium  swells,  and  a  mucus  is  secreted,  in 
which  minute  fronds  appear,  and  by  their  increase  at  length  rupture  'the 
attenuated  coveiing."  In  this  opinion  Sicbold  coincides ;  and  the  Rev  W 
Smith  (A.  N.  H.  1850,  p.  4)  represents,  on  the  authority  of  Mr.  Jenner'  the 
burstmg  of  a  sporangium  of  Closteriwm  acerosimi,  and  the  development  of 
young  fronds  from  its  contents. 

Braun,  m  his  phHosophical  treatise  {op.  cit.  R.  S.  p.  133),  remarks  of  the 
products  of  conjugation  in  the  Desmidieaa,  that  "they  do  not  pass  hke  the 
swarming-ceUs  of  the  PahneUaceae  and  the  reproductive  ceUs  of  the  Dia- 
tomaccaj,  directly  and  by  uninterrupted  growth  into  the  primary  generation 
of  the  new  vcgetative  series,  but  persist  for  a  long  time  in  a  condition  of  rest 
dunng  which,  exceptmg  as  regards  imperceptible  internal  processes,  they 
remain  whoUy  unchanged.  To  thstinguish  these  from  the  fcoct  germ-ceUs 
(gomdia),  I  shaU  caU  them  seed-ceUs  (spores).    The  development  of  these 

r.""         ^""l  ^""^      ^'^y  as  certain,  tha? 

they  do  not  pass  as  such  into  the  primary  generation,  but  produce  this  at  the 

hw\f  "^^"^"^"^  transformation  of  their  contents,  and 

bnng  these  to  hght  as  a  new  generation  with  a  dehiscence  of  the  old  en- 
velope. Certain  early  conditions  obsei-ved  in  Clostenum  and  Euastncm,  namely 
I'Xw  T^^^f  '"''^  individuals,  enclosed  in  transparent  colourless 
vesicles,  render  it  even  probable  that  in  certain  genera  of  Desmidiea,  a 

3  ;ri  H^'^"'^       ^'t'''''  'Vove,  by  a  formation  of  Ssi! 

toiy  generations  occurring  already  within  the  spore'  The  enclosing  vesic  e 
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is  probably  the  dissolved  and  swoUen-up  internal  cell- coat  of  the  spore, 
which  holds  the  young  individuals  combined  for  some  time  after  the  outer 
coat  of  the  spore  has  been  thrown  off." 

Although  Braun  has,  in  the  preceding  account, made  use  of  the  term  ''spore" 
to  express  the  conjxigation-product,  yet,  in  the  very  admission  that,  in  those 
Desmidiete  in  which  only  we  have  any  clue  to  the  subsequent  history,  it 
produces,  not  a  single  individual,  as  does  a  spore  commonly  so  called,  but  a 
multitude,  he  essentially  agrees  with  Mr.  Ealfs,  who  prefers  to  call  the  body 
a  capsule.  We  may  quote  Mrs.  Thomas  in  support  of  the  same  view ;  for  she 
considers  the  sporangium  a  capsule,  or  {T.  M.  S.  1855,  pp.  36,  37)  the 
winter  casing  of  a  large  number  of  young  plants  which  escape  from  it  by 
rapidly  knocking  against  its  walls,  when  these  have  been  loosened  by  spring 
warmth,  or  which  grow  up  as  the  walls  gradually  decay  in  the  midst  of  slimy 
gelatinous  masses."  In  proof  of  this  opinion  this  lady  appeals  to  the  immense 
increase  in  the  number  of  plants  seen  in  the  spring  beyond  what  can  be  ex- 
plained as  the  result  of  self-fission. 

In  her  opinion  the  sporangium  is  a  capsule  (I.  8,  9)  filled  with  zoospores 
similar  to  those  moving  granules,  supposed  to  be  such,  seen  within  the  full- 
grown  plant,  capable,  when  their  fitting  time  comes,  of  filling  the  waters 
with  their  countless  progeny. 

In  these  accounts  there  is  a  pervading  harmony ;  and  the  truth  seems  to 
be  that,  by  the  formation  of  a  sporangium,  provision  is  made  for  the  per- 
petuation of  the  species  through  the  winter,  when  the  large  majority,  at 
least  of  adult  plants,  have  ceased  to  exist.  The  phenomenon  is  clearly 
analogous  to  that  of  the  formation  of  seeds  by  herbaceous  plants,  or  of  ova 
by  insects  and  other  animals,  when  the  cycle  of  existence  of  the  parent  being 
is  complete,  or  is  put  an  end  to  by  unfavourable  external  cii-cumstances. 

Braun  has  expressed  the  sequence  in  the  phases  of  existence  m  the  follow- 
ing technical  language  {B.S.  p.  133):  "  In  the  Desmidiaceffi,  the  Zygnemace^, 
and  in  Pahwglcea,  the  transitional  generation  is  divided  mto  a  double  one, 
since  the  last  generation  does  not  pass  directly  into  the  first,  but  the  first 
generation  of  the  succeeding  cycle  is  produced  as  a  new  structure  in  the  ger- 
mination; so  that  we  have  here  to  distinguish  three  kinds  of  generation  of 
ceUs,— the  commencing  generation,  the  concluding  generation,  and  the 
intermediate  vegetative  generations."  The  last-named  is  represented  by  the 
process  of  self-fission,  which  takes  place  in  the  perfect  plant,  and  is  con- 
tinued through  a  long  series  of  individuals. 

Between  its  fii'st  appearance  and  its  ultimate  development,  the  sporangium 
of  DesmidieiB  undergoes  a  progressive  series  of  changes ;  at  first  it  is  pale 
and  homogeneous,  but  soon  gets  granular,  acquires  a  graduaUy  deepenmg 
green  colour,  and  presents  vesicles  and  globules  in  large  munber.  ihe  enve- 
lope, at  first  very  deHcate,  augments  in  tHckness,  and  becomes  lined  by 
others,  whilst  its  surface  either  remains  smooth  or  becomes  granular,  tubei- 
culated,  or  spinous,  and  the  spines  themselves  in  many  instances  forked  or 
branched  (II.  15,  22,  25,  30,  34).  Simultaneously  with  these  changes  the 
integument  increases  in  density,  and  together  with  its  processes  acquires 
considerable  firmness  and  toughness.  Moreover,  as  it  advances  in  age  it 
usuaUy  assumes  a  reddish-brown  colour;  when  this  has  happenea,  the 
sporangium  and  contents  may  be  presumed  to  have  reached  maturity.  _ 

Mrs.  Thomas  (op.  cit.  p.  35)  thinks  she  encoimtered  a  ^atui-e  sporangium 
of  Cosma7-ium  margaritiferum  in  the  shape  of  a  many-coated  baU  filled  with 
granules  in  the  same  rapid  motion  as  observed  in  the  full-grown  Cosmapum 
(1  10  11).  "  The  similarity  of  the  movement  (she  says)  attracted  my 
attention ;  and  I  also  saw  that  in  one  part  the  enclosing  membrane  appeared 
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thimier,  as  if  giving  way  at  that  spot.  On  tho  thii-d  morning  the  membrane 
had  broken  and  the  granules  escaped,  leaving  the  nearly  emptied  case " 
(I.  12). 

Inasmuch  as  a  sporangium  may  pass  successively  from  a  smooth  to  a  spinous 
condition,  it  follows  that  the  transitional  stages  of  one  species  may  be  mistaken 
for  the  final  stage  of  another ;  hence  a  difficulty  ki  determining  to  what  plant 
detached  scattered  sporangia  may  belong.  It  is  only,  indeed,  when  these  seed- 
cajisules  occur  in  company  with  the  fi-onds  producing  them  that  we  axe  enabled 
•to  pronounce  decisively  by  what  species  they  are  generated. 

As  the  foregoing  account  of  conjugation  and  sporangia  passed  through  the 
press,  we  met  with  the  valuable  paper  of  Dr.  Hofmeister  on  the  propagation 
of  the  Desmidieae  and  Diatome^,  translated  by  Prof.  Henfrey  from  the 
Report  of  the  Natural  History  Society  of  Saxony  for  1857.  This  commu- 
nication tends  to  cleai'  up  the  questions  of  the  nature  of  the  sporangia  and  of 
the  relation  of  theu-  contents  to  the  propagative  process.  The  conciseness  of 
the  description  renders  abridgment  undesirable ;  and  we  accordingly  present 
it  (so  far  as  it  relates  to  the  points  in  question)  as  it  stands  in  the  Annals  of 
Natural  History  (1858,  i.  p.  2)  :— 

"The  conjugated  individuals  of  Gosmarium  tetraoplithalmmn  displayed 
exactly  the  behaviom-  which  Ealfs  has  represented  and  Braim  described  of 
those  of  Gosmarium  margaritifervm.    The  Gosmaria  which  had  commenced 
the  conjugation  process  appeared  cracked  qpaxt  at  the  constricted  place  in  the 
middle.  _  Into  each  of  the  halves  of  the  tuberculated  ceU-coat  of  the  two 
mother-individuals  extended  a  continuation  of  the  membrane  of  the  conju- 
gation-ceU.    This  smooth  membrane  completely  lined  the  interior  of  the 
tuberculated  half-shells.    The  contents  of  the  conjugation-cell  revealed  no 
definite  arrangement ;  they  were  mostly  accumulated  in  the  middle  into  an 
irregularly-shaped  ball ;  va.  other  cases  separated  into  several  such  balls,  part 
of  which  extended  even  into  the  split  half-shells  of  the  mother-cell.  With 
these  conjugated  individuals,  in  the  same  fluid,  occurred  (very  sparingly)  par- 
ticular specimens  which  bore,  in  the  middle  space  between  the  two  separated 
half-sheUs,  a  broad,  dehcate-walled  utricle,  the  circumference  of  which  about 
equalled  that  of  the  two  half-cells  taken  together.    The  arrangement  of  the 
ceU-contents  in  the  primary  portions  -of  the  ceU  did  not  appear  essentially 
.altered;  the  contents  of  the  intermediate  expansion  consisted  of  a  thick  coat 
upon  the  wall  of  granular  protoplasm  with  sparingly-scattered  chlorophyll 
This  condition  is  probably  that  which  immediately  precedes  conjugation" 
ongmatmg  by  excretion  of  new  ceUulose  at  the  deepest  part  of  the  constric- 
tion atter  the  cracking  of  the  membrane  and  separation  of  the  piimary  halves 
ot  the  ceil  exactly  as  m  nonnal  ceU-division,  from  wliich  this  process  can 
only  be  distmgiushed  by  the  omission  of  the  formation  of  a  septum  at  the 
narrowest  part  of  tho  isthmus.    Similar  phenomena  have  been  observed  by 
Nageh  m  Gosmarium  crenulatum,  and  by  Mrs.  Herbert  Thomas  in  Gosmarium 
mariran<i/™_  (scarcely  specifically  distinct  fi-om  G.  tetraophthalmum),  only 
that  here  the  intermediate  piece  of  the  Alga  did  not  conjugate  with  the 
T^Z  "^ajV'tter  individual,  but,  producing  tubercles  on  its  outer 

surface,  continued  the  vegetative  life. 

T^'ecl  firl  1  T'^'P'^      ^  thick  membrane,  of  gelatinous 

rfouml  bpfw  °    .v""  «P°^^)-    ^«  intermediate  stages  could 

\n  wZcS  \t  T  previously-described  condition.  Experiments, 

.11  onL?  ^"^'"Pt^as  made  to  obtain  a  completion  of  the  less-advanced 
nr^fplrrf  th^'"l«ro«cope,  aU  failed.  Apparently  the  conjugation- 
coU  IS  exceedmgly  sensitive  to  any  external  injiuy,  especially  to  contact  with 
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foreign  bodies.    Very  probably  the  contents,  in  the  above-described  cases, 
were  already  abnormally  altered,  and  incaimble  of  further  development. 

"  In  other  conjugation-cells  the  young  spore  displayed  a  still  thicker  mem- 
brane, covered  on  the  outside  with  truncate-conical  elevations,  in  which 
membrane  could  be  detected  a  composition  of  two  colourless  layers.  The 
outer  of  these  layers  remained  clear  and  transparent  even  in  the  advance  to 
maturity.  Its  elevations  became  developed  into  rather  long  spines,  which 
forked  at  the  apices  into  two  or  four  branches.  The  deeper-seated  layer  of 
the  spore-membrane  meanwhile  assumed  a  dark-brown  colour.  By  roUing 
under  the  covering-glass,  the  tough,  colourless,  outer  layer  may  be  readily 
stripped  from  the  inner,  more  brittle,  broATO  layer  ;  then  the  latter  appears 
covered  on  its  outer  surface  with  slight  elevations,  similar  to  those  which 
fii-st  appeared  upon  the  yoimg  spore.  The  brown  layer  of  the  spore-coat 
encloses  a  third,  delicate,  colomiess  layer  (perhaps  the  primary  membrane 
of  the  spore)  which  immediately  envelopes  the  cell-contents. 

"  At  the  beginning  of  July,  the  green  contents  of  all  the  spores  appeared 
conglobated  into  a  spherical  mass  with  sharp  outlines,  which,  lying  free  m 
the  middle  part  of  the  cell,  nowhere  touched  its  internal  wall.    Thi-ee  weeks 
later  in  many  of  the  spores  these  contents  appeared  separated  into  two 
flattened  eUipsoidal  masses;  Avhen  I  cracked  the  ceU  by  careful  pressure, 
I  was  sometimes  successful  in  driving  out  one  or  both  of  the  masses  of 
contents  in  an  uninjured  condition.    They  could  then  be  recognized  beyond 
all  doubt  as  primordial  ceUs;  bodies  destitute  of  a  solid  cell-membrane, 
havino-  a  thin  coat  of  protoplasm  which  '  bubbled '  out  in  water,  to  which 
adhered  a  thick  investment,  coloured  bright  green  by  numerous  imbedded 
chlorophyll-granules,  surrounding  a  central  cavity  filled  with  transparent 
fluid     The  fluid  contained  in  the  spore  in  which  the  two  primordial  cells 
were  immersed,  was  not  coloui-less,  but  rendered  turbid  by  numerous  im- 
measurably smaU  granules  exhibiting  molecular  motion.    In  August  each  ot 
the  ellipsoidal  primordial  ceUs  had  divided  into  two  globular  ceUs,  of  similar 
character  to  the  mother-ceU.    Towards  the  end  of  September,  some  of  the 
spores  exhibited  another  such  division,  so  that  they  then  contained  eight,  not 
globular,  but  strongly  flattened  primordial  ceUs.    Most,  howeveT,  passed 
through  the  winter-rest  imchanged,  during  which  the  majonty  died.  At 
the  beginning  of  Api-U  of  the  next  year,  the  spinous,  transparent,  outermost 
layer  of  the  coat  was  more  or  less  completely  decayed  on  aU  the  spores,  even 
on  those  which  were  stiU  to  be  recognized  as  living  by  the  vivid  green  colour 
of  the  contents.    All  the  spores  still  alive  contained  at  least  eight,  many  srx- 
teen  daughter-ceUs,  aU  very  strongly  flattened,  ahnost  discoid    In  several 
spores  the  outline  of  the  daughter-ceUs  was  no  longer  cu-cular,  but  displayed 
two  shallow  lateral  notches.    The  still- existing,  brownish,  inner  layer  of  the 
spore-coat  was  now  seen  to  be  softened ;  it  no  longer  exhibited  ite  fomcr 
brittleness.  and  it  was  difScult  to  crack  it  by  pressure.  Daughter-ceUs  whose 
lateral  constrictions  were  most  strongly  marked,  were  about  half  as  largo 
again  as  the  circular,  whose  diameter  about  equaUed  that  of  the  isthnius  ot 
the  former,  and  they  almost  entirely  fiUed  up  the  cavity  of  the  spore.   W  Hen 
these  were  pressed  out  from  the  crushed  spore,  their  form  and  size  agreed 
almost  exactly  Avith  that  of  Cosmarium  Me^iec/hinii.  ,n   a  \ 

"  1  saw  simUar  phenomena  in  the  spores  of  Cosmmmm  uncMatum  (Lordaj, 
in  which  the  investigation  is  rendered  very  difficult  by  the  mmute  size,  and 
which  cultivated  for  some  months  in  my  room,  entered  abimdantly  into  con- 
iugation.  In  this,  again,  I  observed  the  contraction  of  the  green  contents  o 
the  cell  into  a  globule  occupying  the  central  part ;  the  division  of  this  ball 
into  two  four,  eight,  and  sixteen  spherical  masses  ;  finally,  the  transition  ot 
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these  daughter-cells  of  the  last  generation  from  the  form  of  circular  lenticular 
bodies  into  two-lobed  ones  like  the  mother-plant.  Hero  the  young  Cosmaria, 
whose  diameter  amoimtod  to  scarcely  -^th  or  ^th  of  that  of  the  mother-plant, 
wei-e  set  free  by  the  veiy  gradual  solution  of  the  membrane  of  the  spore.  A 
similar  process  veiy  probably  occm-red  in  Cosmarium  tetraophtlialmum,  but 
could  not  bo  observed  there,  from  the  cii'cumstance  that  all  the  materials  had 
been  used  up  in  the  investigation. 

"  These  facts  place  it  beyond  doubt  that  the  contents  of  the  spores  produced 
by  the  conjugation  of  two  individuals  of  Cosmarium,  are  ti'ansformed  by 
repeated  binaiy  division  into  eight  or  sixteen  daughteii-cells,  which  assume  the 
form  of  the  mother-cell,  and  finally  become  fi'ee  by  the  solution  of  the  waU 
of  the  spore.  Such  behaviour  of  the  spores  had  indeed  been  rendered  pro- 
bable before,  by  the  discovery  of  the  vesicular  structure  observed  by  Focke 
and  Ealfs,  which  enclosed  a  number  of  small  Closteria,  for  the  most  part 
beginning  to  divide.  But  the  certainty  which  can  only  be  given  by  direct 
observation  of  the  development  was  altogether  wanting. 

"  The  development  of  foiir  daughter-ceUs  in  the  interior  of  spores  produced 
by  the  conjugation  of  two  individuals  (with  participation  of  the  whole  of  the 
cell-membrane),  has  been  demonstrated  by  Alex.  Braim  for  the  Pahnellacean 
Palmoglcea  macrococcct,  Kiitz.  (?)." 

Sporangia  are  the  only  portions  of  DesmidieEe  of  past  eras  which  have  been 
preserved  to  us  in  a  tnily  fossil  condition.  Ehrenberg  discovered  certain 
orbicular  and  spinous  bodies  in  flint,  some  of  which  he  referred  to  the  genus 
XaniMdmm  among  the  DesmidieEe,  and  others  to  PyxicUcula  among  the  Dia- 
tomefe.  However,  as  Mr.  Ealfs  remarks  (p.  13),  this  association  is,  no  doubt, 
erroneous,  since  in  trae  Xantliidia  the  cell  is  compressed,  bipartite  and  bi- 
valved,  whilst  in  these  fossUs  it  is  globose  and  entu-e,  and  there  can  be  no 
doubt  that  they  are  fossil  sporangia  (XVII.  506  to  515). 

To  quote  Mr.  Ralfs's  accoimt  (p.  13)—"  The  fossil  forms  vary  Kke  recent 
sporangia,  in  being  smooth,  bristly,  or  furnished  with  spines,  which  in  some 
are  simple,  and  in  others  branched  at  the  extremity.  Sometimes,  too,  a 
membrane  maybe  traced  even  more  distinctly  than  in  recent  specimens,  either 
covering  the  spines  or  entangled  with  them.  Some  writers  describe  the  fossil 
forms  as  having  been  silicious  in  theii'  living  state ;  but  Mi\  Williamson  in- 
forms me  that  he  possesses  specimens  which  exhibit  bent  spines  and  torn 
margins,  and  thus  wholly  contradict  the  idea  that  they  were  silicious  before 
they  were  imbedded  in  the  flint." 

Another  mode  of  propagation  is  presumed  to  take  place  by  means  of  the 
active  molecules  seen  within  the  fronds  of  Desmidieee— in  other  words  by 
zoospores,  as  happens  in  many  famihes  of  Algse.  M.  Morren  advanced  this 
notion,  and  imagined  the  minute  particles  which  he  denominated  "  propa- 
gules,  to  be  at  once  transformed  into  smaU  fi-onds.  Mr.  Ealfs  countenances 
the  opinion  so  far  as  to  say  that  the  escape  of  the  granular  contents  of  the 
mature  frond  is  probably  one  mode  of  reproduction.    He,  however,  Hkewise 

Zlfo^lt^.  f"'"''''^  °f        granules  as 

of  tt *^/r^^°^?.?  «f  "-oospores,  and  confesses  to  his  ignorance 
ot  the  history  of  the  motile  granidcs  after  their  escape.    But  we  Perfectly 

frZ  l  tT  ^'f  ^'"''^  ^^""K'^''  ^™^"g  «f  gr^^^^os  mthin  a  mature 
ZtZ  ,^  ""^  "\^^«turbance  attendant  upon  the  decay  of  the 

orncnLT^f  """"'ll^l^  Phenomenon  connected  with  reproduction.  Still 
frl  So  S  ""^^-^^  «warming  granules,  particularly  after  their  escape 
tional  purpose  ™Porfect  tliat  it  is  useless  to  speculate  on  their  func- 

Ehi-enborg,  to  carry  out  his  hypothesis  of  the  animal  nature  of  Desmidiete, 

c  2 
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and  to  assimilate  their  organization  mth  that  he  attributed  to  other  Polj-- 
gastrica,  represented  the  larger  oil-vesicles  and  starch-grams  to  be  either 
stomach-sacs  or  ova —at  one  time  the  one,  at  another  the  other,  m  a  purely 
arbitrary  fashion.  Some  again  of  the  more  transparent  or  refracting  vesicles 
were,  with  no  shadow  of  reason,  called  fecundating  or  spermatic  glands.  An 
attempt  to  show  the  error  of  such  an  hyiDothesis  of  internal  organization 
would  be  futile  and  uneaUed  for  at  the  present  day. 

■  Habitats  DrsTRiBUTioN,  Appeaeance  m  Masses,  and  Yital  Endoavments 

OF  DESMIDIEiE.     VEGETABLE  NaTTJEE  AND  AFFINITIES.    MoDE  OP  COLLECTION.— 

The  DesmidieEE  Hve  in.  fresh  water,  in  ditches  and  ponds,  and  rarely  m 
streams,  except  when  these  are  very  sluggish.  They  will  often  rapidly  appear 
in  a  recent  coHection  of  water,  and  are  not  destroyed  when  the  pool  is  dried 
up,  as  their  reappearance  immediately  after  a  shower  proves ;  nevertheless, 
ponds  which  do  not  diy  up  during  the  summer,  and  pools  in  boggy  ground, 
are  richer  in  these  organisms,  provided  the  water  remains  sweet.    To  quote 
m.  Ealfs's  experience—"  The  Desmidiese  prefer  an  open  countiy  ihey 
abound  on  moors  and  in  exposed  places,  but  ai-e  rarely  found  in  shady  woods 
or  in  deep  ditches.    To  search  for  them  in  tui'bid  water  is  useless;  such 
situations  are  the  haunts  of  animals,  not  the  habitats  of  the  Desmidiese,  and 
the  waters  in  which  the  latter  are  present  are  always  clear  to  the  very  bottom. 
They  no  doubt  inhabit  the  fresh  waters  in  aU  parts  of  the  globe  for  they 
have  been  found  wherever  sought  in  each  hemisphere.    Stdl  the  several 
genera  and  species  are  not  universal,  for,  as  in  the  case  of  higher  plants, 
some  species  are  peculiar  to  one  country,  others  to  another ;  and  m  the  same 
country  the  presence  and  prevalence  of  any  one  species  will  be  detei-mmed 
by  the  physical  featm^es  of  localities,  by  the  nature  of  the  soil,  and  the  hke 
The  distribution,  however,  of  the  Desmidieae  has  not  been  inquired  mto  so 
fully  as  to  justify  any  attempt  to  lay  down  special  laws. 
Oftentimes  in  smaU  coUections  of  water,  Desmidieae  of  the  same  or  of 
various  species  and  genera  multiply  to  such  an  extent  as  to  colour  the  watei^ 
ISd  in  the  case  of  the  filamentous  species,  to  appear  in  filmy  masses  on  the 
Lface  or  at  the  bottom  of  the  pool;  still  this  enonnons  multiphcation,  and 
the  clration  of  the  water  they  inhabit,  are  far  less  frequent  in  the  case  of 
the  family  in  question  than  with  others-for  instance,  the  Euglene^e,  or  even 

%^?Thom;s  (op.  cit.  p.  36)  has  described  the  green  ^^^fes  formed  by 
CosmaHum,  which  during  summer  and  autumn  "would  float  to  the  siutfaee, 
rapidly  disengaging  oxygen  as  the  sun  shone  on  them,  and  smking  again  to 
Se  bottom  with  the  coJSiess  of  the  evening.  Later  m  the  yeai^  masses  would 
adhere  to  the  inner  sui-face  of  the  bottle  in  the  form  of  a  thm  PjU^de,  oi 
coUeet  in  slimy  masses,  wHch  appeared  to  dissolve  with  the  wai-m&  of  the 
coming  spring.    The  green  colour  changed  to  that  of  a  reddish  yeUow ;  and  it 
St  have  been  thought  that  all  was  dead,  did  not  the  niicroscope  show  he 
Se  beautiful  green,  both  in  young  and  fuU-grown  plants,  together  with  much 
bright  red  and  brown,  appai-ently  the  casings  of  the  'f'''-'^''S^^-'\\\^^^^^ 
Cosmaria  still  in  active  motion  (the  remains  of  the  matiire  growth  of  the  p  e 
ooLs  summer)  lay  imbedded  in  the  mass,  when  a  small  portion  was  separated 
for  microscopic  observation,  as  weU  as  clusters  of  young  ones   I-  13,  14). 
WheT  the  bottle  had  remained  more  than  a  year  untouched,  except  foiM=hange 
of  water,  these  masses  increased  in  leathery  hardness ;  green  ^l^^  ^ 
extS,  but  became  feeble  in  colour,  and  too  much  changed  to  warrant  fvutiio. 
o^sSvations,  while  a  small  portion  placed  in  another  bottle,  and  more  freely 
cxnosed  to  the  light,  multii^licd  vdth  great  rapidity. 

Many  of  the  ^tal  endowments  of  the  Desniidiece  have  already  been  de. 
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scribed:  we  have  noted  their  process  of  reproduction  and  of  growth,  the 
molecular  and  circulatoiy  movements  within  thom,  their  slight  locomotive 
power ;  but  besides  these,  there  ai-e  others  requiiing  to  be  mentioned :  for 
instance,  their  powers  of  secretion  are  highly  pronounced ; — the  production 
of  firm  envelopes  to  fronds  and  sporangia  ;  the  formation  of  starch-grains,  of 
colouring  matter,  and  of  oil-globules  within ;  the  exhalation  of  oxygen  fi-om 
the  sui-face, — a  respiratory  act ;  and  lastly,  their  ability  to  resist  decomposition. 

The  Desmidiese  serve  as  food  to  many  sorts  of  small  aquatic  animals,  to 
the  Eotifera,  to  various  Aimelida  and  small  Crustacea,  and  to  the  freshwater 
MoUusca.  They  axe  supposed  also  to  preserve  the  freshness  of  the  water, 
and  by  the  oxygen  they  exhale,  to  furnish  the  vital  air  necessary  to  the 
respii-ation  of  the  aquatic  animals  found  with  them.  They  are  subject  to 
destruction  not  only  in  the  way  of  supplying  food  to  animals,  but  also  by 
disease.  Por  instance,  Cohn  has  shown  {Enhu.  d.  mikr.  Alg.)  that  the 
Closteria  are  attacked  by  a  microscopic  unicellular  fungus,  called  Ohytridium, 
the  spores  of  which  affix  themselves  on  the  integument,  and  on  germinating, 
penetrate  the  cavity  of  the  frond  by  their  delicate  fibres,  and  induce  a  pro- 
gressive breaking-up  and  absorption  of  the  contents,  until  nothing  but  the 
empty  hull  of  the  plant  remains. 

Mr.  Ralfs  has  the  following  remarks  (p.  13)  : — "  In  aU  the  Desmidie8e,.but 
especially  in  Glostenum  and  Micrastenas,  small,  compact,  seed-Hke  bodies  of 
a  blackish  colour  are  at  times  met  with.  Their  situation  is  uncertain ;  and 
their  number  varies  from  one  to  four.  In  their  immediate  neighbom-hood  the 
endochrome  is  wanting,  as  if  it  had  been  required  to  form  them,  but 'm  the 
rest  of  the  fi-ond  it  retains  its  usual  character  and  appearance.  I  cannot 
satisfy  myself  respecting  the  nature  of  these  bodies ;  but  I  believe  them  to 
arise  from  an  unhealthy  condition  of  the  plant,  or  else  to  be  pai-asitic."  With 
respect  to  the  views  expressed  in  this  exti-act,  we  are  disposed  to  think  Mi-. 
Ealfs  right  in  his  conclusion  that  the  black  bodies  he  met  with  were  parasitic ; 
and  on  comparing  his  account  with  the  figures  and  description  of  the  parasitic 
Ohytridium  in  Cohn's  memoir  (Entw.),  it  seems  to  us  highly  probable  that  the 
globules  referred  to  were  no  other  than  the  spores  of  that  microscopic  fungus. 

Por  a  long  time  discussion  was  rife  respecting  the  animal  or  the  vegetable 
nature  of  the  Desmidieae.  That  it  was  the  former  was  the  prevailing 
notion  until  within  the  last  few  years,  when  the  improvements  in  the 
microscope,  and  the  more  extended  and  accurate  knowledge  of  the  featui'es 
of  vegetable  life  in  its  simplest  manifestations,  rendered  this  opinion  no  longer 
tenable,  and  at  the  present  day  it  may  be  considered  exploded.  It  is  un- 
necessary, therefore,  to  go  minutely  into  this  question ;  for  it  wiU  suffice  to 
mdicatc  the  most  striking  distinctive  characters,  especiaUy  those  which  rest 
upon  the  affimties  of  the  family  imder  consideration.  Those  readers  who 
would  see  the  point  fuHy  discussed  wiU  do  weU  to  refer  to  Mr.  Kolfs's  admi- 
rable monograph  to  which  we,  and  others  also,  resort  as  to  a  mine,  for  the 
matenals  to  build  up  a  histoiy  of  the  DesmichcEe 

m^JiTfthT\^''^T"f  Ehrenberg  for  the  animaHty  of  the  Des- 
WUhoutTfn;^^^^^^^^^  Y  %  PT'""^  ^"l^t^-'^'y  movement  Ulco  animals. 
Sa^  nTnLr  TT"^^  unpWlosophic  use  of  this  term 

rit5j7inT  -V"  -motion,  whether  in  the  Desmidiea.  or  in  the 
21  th.tT?  T-1  f  iT'  be  no  proof  of  animal  life, 

marer  bv  hHr  f  ^^^^^^^l^^g^^d  plants,  and  in'  a  stiU  more  marked 

CTiha  Lfl.  "  T'^'-  movements  are  doubtless  eff-ected 

deteSed  bvS.  .r™'"^  ^'''^  vegetable  world  aUke,  and  are  Hkowise 
SHrinfsri^  -"^  '^  ^''^  .Uso  without  these 

simple  orgamsms,  m  relation  with  external  mecUa  and  with  surrounding 
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physical  conditions.    Siebold,  quoting  Niigoli's  opinions,  says  (/.  M.  S.  i. 

p.  120)  "  The  slow  turning,  and  at  the  same  time  rare  movements  of  the 

Closteria  (the  genus  in  which  motion  is  more  evident),  present  no  character 
of  spontaneity ;  these  motions  are  merely  the  consequence  of  an  active 
endosmosis  and  exosmosis,  by  which  the  water  immediately  surrounding  the 
Closteria,  and  consequently  themselves,  are  put  into  motion."  Again,  as  Mr. 
Ealfs  remarks,  the  motive  power  is  less  in  degree  than  in  the  Diatomeas. 

Cell-multiplication  by  fission  or  transverse  division,  enumerated  by  Ehren- 
berg  as  an  animal  peculiarity,  is  now  so  completely  established  as  a  vegetable 
phenomenon,  that  it  can  claim  no  consideration  when  the  question  of  the 
actual  affinities  of  a  disputed  organism  is  to  be  solved.    And  equally  unde- 
serving of  critical  examination  at  the  present  day  is  the  complex  animal 
organization  attributed  by  the  Beriin  microscopist  to  the  fi-onds  of  Desmidieap. 
Concerning  the  apparent  sac  containing  the  moving  particles  m  the  Clostena 
and  in  other  genera,  regarded  by  Mr.  Dalrymple  as  a  vegetable  pecuhanty, 
Mr  Ealfs  observes,  "  I  confess  I  am  unable  to  refer  to  any  example  m  other 
Algse  of  terminal  globules  hke  those  present  in  the  Clostena,  but  neither  can 
one  be  foimd  amongst  animals ;  and  if  in  some  respects  they  have  an  analogy 
with  organs  belonging  to  the  latter,  in  others  they  agree  better  mth  TCgetabie 
life  "    On  another  argument  raised,  the  same  author  remarks,  "  Ihe  con- 
traction of  the  internal  membrane  of  the  Clostena,  or  the  expulsion  of  their 
contents  on  the  appHcation  of  iodine  or  other  reagents,  cannot  be  rehed  upon 
as  a  satisfactory  test  for  detennining  theii'  natui^e ;  for  the  blandest  flmds  will 
in  some  cases  (both  among  recognized  Algse  and  the  Clostena  themselves) 
occasion  violent  action."  On  the  other  side  of  the  question,  the  act  of  swarm- 
ing, the  emission  of  actively  motile  germs  (presumed  in  this  family),  the 
presence  of  starch  and  of  chlorophyU,  the  chemical  relations  between  these 
substances,  and  also  with  the  oily  matters  formed  in  the  fi-onds,  the  exhala- 
tion of  oxygen  in  sunlight,  and  the  absence  of  azofazed  matenal  in  theu- 
chemical  constitution  furnish  reasons  for  an-anging  the  DesmidiesE  with 
plants.    Besides  these  reasons,  others  are  foimd  in  the  general  fo™  fiid 
the  modes  of  propagation  being  precisely  analogous  with  those  m  admitted 
uniceHular  Algse.    Their  intimate  affinities  with  Algffi  are  shown  by  the  tact 
that  Meneghini  and  Kiitzing  placed  Merismopa^clia  among  the  Kesmidieae, 
and  that  Braun  refers  the  two  genera  Scenedesmi,^  and  Pediastrmn,  mcluded 
by  Ehi-enberg  himself  in  the  family  in  question,  to  the  PalmeUacete  ihe 
process  of  conjugation,  which  has  been  often  appealed  to  as  a  characteristic 
of  plant-life,  would  appear,  however,  to  be,  in  exceptional  cases  and  under 
peculiar  modifications,  also  an  animal  phenomenon,  and  therefore  mapphcablo 

Meneghini,  who  contends  for  the  animaHty  of  the  Diatomese,  has  pro- 
nounced (E.  8.  p.  497,  1853)  the  opinion  that-"  The  Clostena  and  Des- 
midieee  in  general  are  plants,  and  not  animals.  In  the  actual  state  of  science 
we  are  compeHed  to  admit  this  proposition.  The  organic  structure,  the  pli> - 
siological  phenomena,  the  history  of  theii-  development,  the  chemical  matenals 
they  contain,  manifest  in  these  beings  a  perfect  correspondence  \\ath  otliers, 
which  in  eveiy  point  of  view  correspond  Avith  the  abstract  idea  ot  a  plant. 
But  what  they  present  in  common  with  other  beings  evidently  animal,  is 
merely  an  appearance,  or  at  the  most,  a  resemblance  m  external  fomi 
Ehrenbcrg  was  misled  by  this  appearance,  and,  gmded  by  tins  fallacious 
simiHtude,  thought  that  ho  discovered  in  the  Desmidicae  the  same  orgamc 
peculiarities  which  proved  the  animality  of  other  bemgs.  ^,  , 

^  Eespecting  the  affinities  of  the  Desmidiea),  Mr.  Ealfs  states  that,  "on  one 
side,  they  are  aEied  to  the  Conjugata;  (Zygnemese)  by  similarity  of  reproduc- 


OP  TnE  DESMIDIEJE. 


23 


tion,  and  on  the  other  to  the  PiilmelloDe,  by  the  usually  complete  transverse 
division,  and  by  the  presence  of  a  gelatinous  investment.  Indeed  the  relation 
to  the  latter  is  so  intimate,  that  it  is  difficult  to  say  to  which  family  some 
genera  belong.  .  .  .  Some  species  of  Scenedesmus  may  be  allowed  to  have  an 
almost  equal  claim  to  raA  with  either."  Agaia,  they  are  related  to  the 
Diatomeas  by  similarity  ia  the  reproductive  process. 

In  Ehi-enberg's  system  of  Polygastria,  the  Closteria  were  placed  together 
as  a  distinct  family,  imder  the  name  of  Closteiina,  whilst  all  the  other  genera 
of  Desmidiese  were  ranged  as  a  section  of  the  Bacillaria.  This  sepai'ation, 
based  as  it  was  upon  presumed  structural  peculiarities,  is  no  longer  accepted 
by  microscopists,  who  cojoin  Olosterium  with  the  several  genera  included  in 
Ehrenberg's  section  Desmidiacea  in  one  group — the  DesmidieEe. 

The  division  of  this  family  proposed  by  Mr.  Ealfs  is  made  according  as — 
1.  The  plant  forms  an  elongated  jointed  filament  (by  incomplete  division  of 
its  cells) ;  or — 2.  The  fi-ond  is  simple,  from  complete  transverse  division,  and 
distinctly  constricted  at  the  junction  of  the  segments,  which  are  seldom  longer 
than  broad ;  sporangia  spinous  or  tuberculated — rarely,  if  ever,  smooth  ;  or — 
3.  The  frond  is  simple,  as  above,  generally  much  elongated,  never  spinous, 
frequently  not  constricted  at  the  centime;  sporangia  smooth;  or — 4;  Cells 
elongated,  entire,  fasciculated ;  or — 5.  The  frond  composed  of  few  cells,  de- 
finite in  nimiber,  and  not  forming  a  filament. 

This  last  section  is  so  exceptional  in  general  characters,  and  especially  in 
the  mode  of  reproduction,  that  Braun  detaches  it  from  the  Desmidiese  and 
associates  it  with  the  PalmeUeae.  In  this  plan  we  coincide,  and  have  there- 
fore treated  separately  this  last  section  of  Mr.  Ealfs,  comprehending  Pedias- 
trum  and  Scenedesmus. 

Kutzing  {Species  Algarum)  includes  the  Desmidiese  in  hia  subclass  Maia- 
COPHTCE^,  suborder  ChamEephycese. 

Mr.  Ealfs  enumerated  20  genera ;  viz. — In  Sect.  1,  Hyalotheca,  Didymo- 
privm,  Desmidium,  Aptogonium,  Sphcerozosma.  Sect.  2,  Micrasterias,  Euas- 
trum,  Cosmarium,  Xanthidium,  Arthrodesmus,  Staurastrum,  Didymocladon. 
Sect.^  3,  Tetmemorus,  Penium,  Docidium,  Olosterium,  Spirotcenia.  Sect.  4, 
AnJcistrodesmus  {Bhaphidium).    Sect.  5,  Pediastrum,  Scenedesmus. 

When  compiling  his  systematic  work,  Kiitzing  appears  not  to  have  seen 
Mr.  Ralfs's  monograph,  but  only  his  detached  papers  in  the  Magazines,  and 
consequently  was  unable  to  compare  the  genera  estabhshed  by  the  English 
author  with  those  described  by  himself.  The  consequence  is  that  Kiitzing 
describes  several  genera  not  admitted  by  Mr.  Ealfs,  who  has  otherwise  dis- 
posed their  representative  species,  disallowing  the  supposed  distinctive  generic 
character.  Nevertheless  it  seems  desu-able  to  enumerate  the  additional 
genera  of  Kiitzmg,  since  several  are  new  (unnoticed  by  our  English  authority) 
and  denved  from  the  papers  of  Ehrenberg  or  of  other  obsei-vers,  or  from  his 
own  researches.  Those  instituted  by  Ehrenberg  were  introduced  in  oiu-  last 
edition. 

,Tr^x^V'^'^^°''^^f^f  ^^■^^•■—Trochiscia  (K.),  Teiraedron  (K.),  PitMscus 
(K.),  Stauroceros{K.)  Polysolenia  (E.),  Microtlieca  (E.),  Polyedru  n  (Niigeh), 

thmm  (K.),  (Mcmmatonema  (Agardh),  Bamhusina  (K.),  Isthmosira  (K.), 
fcZJi  T  (^^^^.^«^°?)',  (E.),  Oeminclla  (Tmi^in),  mnaciiJs 

trum{:^agch),  Bhaphuhum  (K.),  Oocardium  (Wdge]i). 

'T"""^  S^''^™  instituted  and  their  characteristics  form 
«nLpnS^L^°  systematic  histoiy  of  the  Desmidiea)  by  Mr.  Ealfs  in  the 
subsequent  portion  of  tiiis  treatise. 
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GENEBAL  HISTOEY  OF  THE  INFUSOEIA. 


SUBFAMILY  PEDIASTRE^. 
(Plate  I.  37  to  69.    Plate  II.  19,  36,  37.) 
This  includes  the  genera  Micrasterias  and  Arthrodesmus  of  Ehrenberg,  the 
Pediastrum  and  Scenedesmus  of  Ealfs,  Kiitzing,  and  others ;  and,  in  addition 
to  these  two,  to  foUow  Nageli's  classification,  Sorastrum,  CosUstrum,  and 
probably  also  Sphcerodesmus. 

At  the  time  Mr.  Ealfs  wrote,  much  uncertainty  prevailed  respecting  what 
should  be  considered  characteristics  of  species,  and  what  were  the  modes  of 
propagation  ;  and  it  is  much  to  be  regretted  that,  although  some  of  the  diffi- 
culties and  doubts  are  removed,  our  knowledge  of  these  microscopic  Algte  is 
far  from  complete.  .     ,    ,  , 

Ehrenberg,  in  harmony  with  the  general  views  of  organi2ation  he  had 
adopted,  placed  Micrasterias  and  Arthrodesmus  among  the  Desmidiese,  in  the 
class  of  Polygastric  Infusoria,  and  described  the  existence  in  them  of  ova, 
stomach-vesicles,  and  seminal  glands.  Yet  he  was  unable  to  point  out  one 
single  feature  reaUy  indicative  of  their  animal  nature,  even  locomotion  bemg 
unrecognized.  Indeed,  among  those  who  might  be  inclined  to  foUow  the 
distinguished  Berlin  naturalist  in  attributing  an  animal  natiu-e  to  most  of  his 
Polygastria,  the  generahty  would  hesitate,  in  face  of  the  many  mtimate  ho- 
mologies, structural  and  physiological,  between  the  Pediastrese  and  admitted 
AlgiE,  to  predicate  it  of  that  group  of  organisms. 

FiGTJEE,  Composition,  and  Contents  or  Celis.— The  individual  ceUs  among 
the  Pediastrece  do  not  exist  isolated  and  independent,  but  are  united  together 
in  a  frond,  in  determinate  number  and  in  a  definite  arrangement  for  each 
genus  In  all  the  species  they  agree  in  having  a  membranous  wall  like  the 
DesmidiejE  and  Pahnellece.  We  confine  ourselves,  it  should  be  understood, 
in  noting  the  figui-e  of  the  cells,  to  the  mature  phase  or  stage,  which,  although 
but  one  of  several  known  phases,  is  that  most  marked,  best  understood,  and 

most  perfect.  .  .-r  ^.^r,  x.-  i 

The  ceUs  of  Scenedesmus  (Arthrodesmus,  Ehi-.)  (I.  37  to  43)  are  entire,  oval 
oblong,  or  fusiform,  with  their  ends  either  rounded  or  pomted.   Theii'  length 
is  from  two  to  four  times  their  width  or  thickness,  and  they  ai-e  spherical  on 
a  transverse  section.    They  exHbit  no  constriction  or  sutui-e  at  the  middle, 
neither  in  their  waU  nor  in  their  endochrome,  and  in  these  pai-tieulars  con- 
sequently differ  from  the  ceHs  of  true  DesmidiesB.    The  membrane  is  fi-e- 
nuently  drawn  out  in  the  form  of  straight  or  cui-ved  spines ;  this  happens 
usually  only  with  the  ceU  at  each  end  of  the  chain  (I.  40,  41)  ;  but  m  a  few 
cases,  other  cells  nearest  to  the  outer  ones  become  also  armed  with  spines 
(I  42).    When  this  extension  to  the  other  cells  occui-s,  Nageh  remai-ks  that 
the  spines  do  not  appear  on  both  the  superior  and  infeiior  extremities  of  each 
cell,  but  only  on  the  upper  of  the  one,  two,  or  tlii-ee  next  within  the  one 
terminal  ceU,  and  on  the  lower  extremity  of  the  same  number  Tsatliin  the 
other  terminal  cell  (I.  42).    It  is  rare  that  the  central  ccUs  of  the  cham  are 
armed,  and  even  when  this  occurs  it  is  only  with  short  spmes.    In  addition 
to  a  spiae,  or,  as  may  happen,  a  pari-  of  spines  fi-om  the  upper  and  lower  ex- 
tremity, the  end  ceHs  at  times  have  a  third  spine  standing  at  right  angles 
from  their  sides  (I.  41).  ^  i 

The  cells  of  Pediastrum  are  considerably  compressed,  so  that  when  aggre- 
gated they  form  a  flattened  tabular  stnictm-e  (I.  44  to  48,  59  to  69).  In 
Loire,  as  seen  from  above,  they  vaiy  according  as  they  occupy  the  margin  of 
the  collection,  i.  e.  are  peripheral,  or  are  central.  The  latter  are  polygonal, 
freouentiy  hexagonal,  and  no  doubt  owe  this  shape  to  mutual  lateral  pressure 
during  growth  :  the  marginal  ceUs  have  fewer  sides,  and  are  fi-equently  irre- 
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gulai'ly  quadrilateral,  but  their  fi'ec  margin  is  more  or  less  deeply  notched, 
and  therefore  bilobed  (I.  44,  45,  53,  62).  The  lobes  are  usually  tapering, 
and  form  a  tubular  process"  either  tnincate  or  acute  at  the  extremity  (I,  62). 
In  a  few  cases  the  notch  is  not  angular,  but  curved  and  crescentic  (I.  62)  ; 
in  others  again  it  is  deep,  angulai',  and  gaping  (I.  52,  II.  27),  and  gives  the 
cell  an  iiTegular  figui'e  ;  this  latter  condition  is  more  seen  where  only  a  few 
cells  are  united  together,  and  where  the  lobes  are  not  prolonged  as  pro- 
cesses. In  some  species,  moreover,  the  lobes  are  terminated  by  short  haii*- 
lilie  spines. 

The  notch  on  one  side  is  not  confined  to  the  peripheral  cells,  but  extends, 
in  several  species,  also  to  the  contained  ceUs  of  the  frond  (I.  52,  66) ;  their 
lobes,  however,  are  not  tapering,  but  shai-ply  truncate.  Niigeli  instituted  a 
subgenus  of  Pediastrum  under  the  name  of  Anomopedium,  the  chief  charac- 
teristic of  which  is  the  absence  of  bilobed  peripheral  cells  (I.  46,  47,  48), 

The  cells  of  Ccelasti-um  are  hexangnilar  (I.  49,  50,  51),  the  central  ones 
very  regularly  so,  whilst  the  peripheral  are  rounded  off  on  their  free  aspect 
m  one  species,  and  in  another  notched  and  bilobed  (I.  54,  55).  Those,  lastly, 
of  Sorastrvm  (I.  56,  57)  are  wedge-shaped  or  triangular,  with  rounded 
angles;  they  cohere  by  their  apices,  whilst  the  base  is  peripheral,  often 
rather  concave  or  emargiaate,  and,  as  a  rule,  armed  at  each  angle  by  a  pair  of 
short  spines.    On  a  lateral  view  the  cells  are  oblong  (I.  58). 

There  is  a  pervadiag  imiformity  in  the  contents  of  the  cells  of  the  different 
genera  of  Pediastreas,  which  consist  of  the  usual  vegetable  protoplasm,  and 
are  spoken  of  collectively  as.  the  endoclirome.  At  first  the  colom-  is  very  pale 
green,  but  it  becomes  deeper  with  advancing  age,  and  in  fully  mature  or 
decaying  cells  is  seen  to  change  to  red  or  brownish  red,  just  as  the  leaves  of 
trees  change  colour  on  the  approach  of  autumn.  At  first,  the  protoplasm  is 
clear  and  homogeneous,  but  in  course  of  time  granules  appear,  enlarge  in 
bulk,  and  multiply  in  number.  Moreover,  each  cell  presents  a  single  chlo- 
rophyll-vesicle, which  is  least  discernible  in  very  young  and  in  veiy  old  cells 
(I.  53  to  58).  It  is  ordinarily  seen  in  or  about  the  centre  of  the  cell,  but 
may  occur  on  one  side,  as  in  Pediastmm  Botida.  Around  this  vesicle  ai-e 
seen  m  several  species  clear  cu'cular  spaces  or  globules,  recalling  those  of 
Clostenum,  varying  m  number  in  different  cases  from  two  to  six  (I  44  45 
53)  Jji  Pediastrum  Rotida,  Nageh  obseiwed  two  such;  in  P.  Boryanum  ank 
P.  Selencea  (I- 44  45),  from  two  to  sLx;  in  the  species  of  Scenedesmus  and 
of  Sorastrum  (I.  5  / ),  one  hyaline  space.  This  author  likemse  represents  the 
relative  position  of  the  chlorophyU-vesicle  and  of  the  translucent  space  to  be 
constant  m  similar  fronds.  In  those  made  up  of  two  ceUs  only,  the  chloro- 
phyll-vesicle is  placed  outside,  whHst  the  clear  cavity  lies  against  the  parti- 
tion-wall. In  chains  of  four  to  eight  ceUs  the  chlorophyH-vesicle  is  external 
relatively  to  the  central  cell,  and  the  clear  space  internal  (I.  40  41)  —the 
IZ^Z  ^iVlt"'''','  partition-waU,  as  in  the  P^hneUea^  i^ 

tZd  in  tho  o^ol^'  r^""  °^  Oil-globulcs  are  also  con- 

^^^e  of  L  it  Vn  Ar  "^""'T'  T"^^  demonstrated  by  the  adcUtion  of 
Sow  b  J,^    ;f    *^'y,^°^tm^^  >vhen  tlie  surrounding  ma^s  is 

CO  oured  bro^vn  ;  their  position  often  exhibits  much  rcgularitv     Unless  the 

cSSXt  'o  ""^^r     ""'^^-^  l-s1,eenXceSed  in  Z 

l^ot  ol  tZnA  ''''  TT""  ^'^"^  '''''''  Pedmstnan  Boryanum.,  the 
Tn  l^^nZntrZ  '^V''^''^''^  "^^"'^^^  the  chlorophyll-vesicle, 

XTtEfale^nt^^^^^^^^^  ^  many  veUable  ceUs 

Number  and  Dlstosition  of  tue  Cells  in  tue  Fronds  —The  cells  of  Po 
diastre.  are  always  united  together  in  compound  fronds.  \t  mnuber 
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united,  and  their  mode  of  combination,  differ  in^  the  different  genera  and 
species. 

In  Scenedesmm  the  cells  are  arranged  (I.  37  to- 43)  in  single  linear  series, 
side  by  side,  united  by  a  mucous  hyaline  matrix,  which  is  less  abundant 
than  in  Pediastrum.    Two,  mostly  four,  and  less  fi-equently  eight  cells  are 
concatenated ;  and,  as  a  rule,  the  liue  of  union  extends  the  entire  length.  Ex- 
ceptions occur,  owing  to  the  junction-surfaces  beiag  less  extensive,  in  the  form 
of  chains  of  cells  having  a  zigzag  border,  every  alternate  cell  beiag  depressed 
below  the  normal  plane,  or  in  that  of  an  obhque  chain,  having  each  member 
in  succession  depressed  beneath  the  preceding.    Sometimes  two  rows  of  eight 
cells  each  lie  side  by  side  (I.  38),  so  that  the  one  dovetails  into  the  other  by 
the  alternate  elevation  and  depression  of  their  component  cells :  this  may 
happen  in  the  whole  extent  of  the  two  coherent  chains,  or  m  a  portion 
only  of  their  length  at  one  or  other  extremity ;  or  one  chain  may  be  broken 
into  two  segments,  each  dovetailed  to  the  other  chain  at  opposite  ends  so  as 
to  leave  an  imoccupied  central  space.    The  alternation  of  the  cells  m  fi-onds 
composed  of  two  rows,  is  the  result,  according  to  Mr.  EaKs,  of  the  obhque 
manlier  of  division.    In  the  genus  Pediastrum  the  fronds  are  generaUy  com- 
posed of  a  lai'ger  number  of  ceUs  than  in  Scenedesmus,  disposed  in  the  same 
T)lane  according  to  a  definite  and  usually  concentric  arrangement,  and  forming 
compound  steUate  fi'onds  (I.  52,  53,  62,  66,  67),  whence  the  term  M^a•as- 
terias  (httle  star-like  beings)  invented  by  Ehrenberg,  and  also  the  second  half 
of  the  generaUy  adopted  term  {Pedi)-astrum. 

To  Sstinguish  species,  Ehrenberg  cHefly  employed  the  number  of  the 
ceUs  in  a  frond— both  the  entii-e  number  and  that  of  each  concentric  circle, 
too-ether  with  the  number  of  circles.    Succeeding  naturalists,  however,  have 
uointed  out  that  the  number  of  ceUs  in  the  same  species  is  subject  to  con- 
siderable variation.    Turpin  detected  the  true  law  determining  their  number 
and  NageH  fiu-ther  iUustrated  and  enforced  it.     The  latter  writes  that 
mnzellAlg.  p.  92)  "the  cells  are  united  2,  4,  8,  16,  32,  or  64  together 
in  a  frond.    These- numbers  are  always  constant  m  young  fronds  wi^out 
exception.    In  older  specimens  one  or  more  ceUs  may  be  lost,  and  the  frond 
become  therefore  apparently  irregular.    These  ceUs  do  not  spontaneous  y 
detach  themselves  from  the  rest,  but  die,  aaid  are  pai-tiaUy  or  entarely 
dissipated,  as  a  consequence  of  injuiy  from  some  external  cause,  probably  m 
most  case^  by  smaH  aquatic  animals.    They  occur  in  all  stages  of  destmc- 
tion,  and  when  entii'ely  vanished,  the  vacant  space  mdicates  their  fomei 
position.  The  cells  are  aggregated  together  in  a  smgle  plane  which  possesses 
mostly  a  circular  or  somewhat  rounded  outline ;  but  m  the  disposition  of  the 
Tus  there  is  considerable  variety.    In  the  case  of  4  cells  they  ai-e  either  aU 
Z  opposition  (II.  27),  or  only  2  in  the  centre;  with  8  cells,  one  usuaUy 
Hes  L  the  middle,  a^d  the  other  7  suiTOund  it  i^  a  circular  manner 
a   52);  less  commonly,  2  are  central  and  6  penpheral  (1.  62) ;  rarely, 
one  occ  ipies  the  centre  with  6  aroimd  it  in  a  cii-cle,  whilst  the  rcmaiimig 
or  eighth  ceU  is  placed  on  the  peripheiy  ;  And  stiU  rarer,  the  disposition  is 
quite  irregular.    Where  16  ceUs  are  combined,  the  rule  is  that  there  is  one 
?n  the  centre  surrounded  by  an  inner  circle  of  5  and  an  on  or  cii-cle  of  10 
At  times,  4,  5,  or  6  internal  ceUs  are  encircled  by  12,  11,  or  10  outer 
iesTl.  53   66,  67),  whereby  a  double  ring  is  produced  :   more  rai-e  y 
?he  arrangenien    is  ^  completely  irregular.  _  Agam,  32  cells_  are  mostly 
80  placed  that  one  central  cell  lia.  around  it  3  cux^les,  the  mnei-mo  t  of 
5  To  midcUe  of  10,  and  the  outer  of  16  ceUs ;  less  frequently   the  3 
drclcs  are  respectively  composed  of  5,  11,  and  15,  or  of  6  10  and  16; 
occaSnally  5  internal  cells  have  2  outer  series,  one  of  11,  the  other  of  16 


OF  THE  rEDIASXEEiE. 


27 


cells;  or  6  cells  are  enclosed  by  11  and  15,  or  by  10  and  16  ;  or,  lastly,  the 
distribution  is  partly  or  completely  ii-regular.  In  the  case  of  64  cells,  no 
regular  aggregation  frequently  is  observable :  sometimes  2  or  3  external  con- 
centric series  are  perceptible,  where  the  position  of  the  inner  cells  foUoAvs 
no  rule ;  less  frequently,  the  concentric  arimigement  can  be  followed  to  the 
centre;  when  this  is  the  case,  one  central  ceU  may  be  enclosed  by  four 
series  respectively  of  6,  13,  19,  25,  or  of  7,  13,  19,  24  cells;  or  again,  2 
middle  ceUs  have  around  them  8,  13,  18,  23,  or  7,  12,  19,  24,  or  7,  13,  19, 

23  cells  in  foui-  rows ;  or  foi'ther,  3  central  cells  have  8,  13,  18,  22  cells 
around,  and  so  forth. 

"  The  form  of  the  genus  Pediastmm  has  in  general  a  decided  tendency  to 
a  concentiic  disposition  of  the  cells.  Thus  4  cells  combine  in  1,  8  in  2, 
16  in  3,  32  in  4,  and  64  in  5  circles.  When  this  concentric  ari-angement  is 
disturbed,  it  occurs  more  frequently  in  larger  than  in  small  fronds,  and  more 
frequently  among  the  central  than  the  peripheral  cells." 

Braun  (Gen.  Nov.  p.  71)  has  entered  much  in  detail  respecting  the  number 
and  disposition  of  the  cells,  and  arrived  at  the  same  general  results  as  Nag-eli. 
He  observes  that  "  the  same  nimierical  law  is  common  to  all  the  species  [of 
Pediastrum'],  but  the  number  may  vary  more  or  less  within  the  legitimate 
series,  even  indeed  in  one  and  the  same  species  :  the  disposition  also  is  liable 
to  variation  where  there  is  the  like  number  of  cells  in  the  same  multifarious 

species  ;  and  this  so  much  the  more  the  greater  the  number  of  cells  The 

legitimate  (normal)  series,  viz.  1,  2, 4,  8, 16,  32,  64, 128,  is  explained  by  the 
binaiy  division  which  takes  place  in  the  formation  of  gonidia,  and  which  is 
quickly  arrested  or  continued  for  a  longer  period. 

"  I  have  no  direct  observations  to  show  whether  specimens  consisting  of  a 
single  ceU.  are  generated  singly  fi-om  the  parent  cell,  or,  after  being  developed 
in  company  with  others,  they  have  become  dispersed  by  some  accident,  which 
is  very  probable.  Such  specimens,  belonging  pretty  clearly  to  Pediastrum 
Ehrenbergii,  occur  everywhere  in  company  with  the  multicellular  fronds  of 
this  species.  Unicellular  examples  of  other  species  are,  it  would  seem,  very 
rare.  I  have  seen  one  such  of  P.  Botula  ;  of  some  which  I  think  should  be 
assigned  to  P.  Boryanum.  Bi-ceHulai-  specimens  I  have  only  observed  in  the 
case  of  P.  Ehrenbergii :  instances  of  128  cells  have  frequently  occurred  to  me 
with  P.  valgum,  and  twice  with  P.  Boryanum.  The  other  numbers  are  common, 
and  occur  in  very  many  or  in  aU  species,  or  in  the  majority;  certain  of  them 
mdeed  much  more  frequently  than  others. 

"  Numbers  divergent  from  the  normal  series,  whether  incomplete  or  more 
than  complete  (supra-complete),  are  rare,  whilst  veiy  divergent  ones  are 
very  rare.  The  fonner  have  their  origin  in  the  process  of  fission  and  the 
tonnation  of  gonidia,  when  one  or  other  segment  in  the  penultimate  di\T[sion 
remams  unchvided,  or  divides  once  too  often.  Thus  in  P.  Boryanum,  specimens 
are  occasionaUy  found  having  15  instead  of  16,  31  for  32,  63  for  64  ceUs  or 
on  the  contrary,  17  for  16.  Examples  of  65  in  lieu  of  64  ceUs  have  occiuTod 
to  me  m  P  asperum.  The  latter,  i.  e.  those  numbers  widely  divergent,  raav 
oiigmate,  if  m  the  carher  chnsion  of  the  cytioplasm  [protoplasm]  some  seg- 
™^.tion  ^T'ff''''^  \       subsequently  enters  again  in  the  series  of 

24  Ts  !  1  .  ^T^^  '^'it^^g  into  the  series  3,  6,  12, 
been  Lt  3  r     ^^^^^^^l^^^  hand,  may  be  explained.    Thi-ee  ceUs  have 

f      ^Jr'^'^''^^''''  '^"^^  '"^^''^  frequently  6,  both  in  tliis 
species  and  m  P.  Rotula ; ...  .24  ceUs,  once,  in  P.  a^plum." 

in  fj^^3^«*l^^t,if  any  person  should  doubt  that  the  number  of  ceUs  differs 

,m  livirnnr'T,'      ^"'V^^'^y  collections  made  in  the  san.e  place 

andlnmgimder  hkc  conditions,  and  to  nolo  tlie  uncjual  forms  produced 
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from  the  same  parent  individual,  and  lastly,  to  remark  the  analogy  presented 
in  other  allied  genera,  e.  g.  Scenedesmus,  Sorastrwm,  and  Coelastrum,  to  con- 
vince himself  of  the  fact.  ,       -     n   •   - 1. 

Moreover,  as  shown  by  Niigeli,  when  the  number  of  ceUs  is  the  same  in  a 
frond  (ccenobium,  Braun),  their  arrangement  varies  considerably  tending 
more  aiid  more  to  ii-regularity  as  the  ceUs  are  more  multiphed.  "  Ihe  normal 
and  most  frequent  disposition  is  orbicular,  the  ceUs  being  arranged,  according 
to  their  number,  in  one  or  several  concentric  circles,  around  either  a  single 
central  ceU  or  none  at  aU.    Where  two  ceUs  are  placed  m  the  centre,  the 
circles  around  incline  to  an  eUiptic  fig-ure;  from  tHs  a  transition  to  an 
elono-ated  form  still  more  abeiTant  fi'om  the  orbicular  type  is  indicated,  in 
which  the  elongate-elliptic  circles  sm-round  several  intermediate  ceUs  placed 
in  sino-le  or  double  longitudinal  series.    By  the  less  regTilar  concentnc  or  the 
entirely  confused  disposition  of  the  ceUs,  the  elliptic  form  passes  at  length 
into  others  still  more  abnormal,  such  as  reniform,  pandunform,  cuneiiorm, 
&c.,  all  wHch  agree  in  having  64  or  128  ceUs.    The  regulai;  concentric 
arrangement  is  moreover  deranged  by  the  occasional  intercalation  of  cells 
referable  to  no  one  of  the  cii'cles;  and  lastly,  owing  to  ^^  incompleteness 
of  the  circles  of  cells,  they  become  so  connected  one  with  another,  that  a. 
spiral  disposition  is  the  result,  which,  although  abnormal  in  every  species,  is 
S^me  specimens  constructed  with  wonderM  regularity.    All  these  vanous 
Srangements  arise  from  the  manner  in  which  the  motile  gonidia  are  disposed 
and  SarshaUed  in  their  fli'st  stage;  for  these  are  distnbuted  withm  the 
parenTdepressed  orbicular  cell,  according  to  the  laws  of  juxtaposition,  in  a 

^^"J^other  peculiarity  in  the  disposition  of  the  ceHs  in  the  fronds  of  Pedias- 
trum  is,  that  sometimes,  instead  of  bemg  all  in  J^J^P°«^tic)n  so  as  to  fo^ 
an  unbroken  congeries  of  ceUs,  or,  m  the  language  of  Nageh  Pj'*)' 
^st^d  of  being  parenchymatic,  apertures  or  interspaces  are  left  between 
Tern  (I  53).    This  is  most  seen  where  the  inner  ceHs  are  more  or  less  bi- 
lobS  so  that  an  opening  subsists  between  the  lobes  of  each  ceU but  similar 
atrtiires  may^^^^      occur  at  the  angles  where  the  ceUs  come  into  contact, 
men  the  position  of  the  cells  in  the  table  is  regular,  that  of  the  foramma  i 
soX    Pediastrum  Selena^a  with  16  cells  has,  as  a  rule,  6  large  and  8  smaU 
open^gsf  the  large  are  bounded  by  3  ceUs,  the  smaH  by  2 ;  the  smaU  spaces 
aLTmetimes  absent,  when  the  large  become  very  evident.    Fronds  of  the 
sameTpecies,  having  32  ceUs,  display  usually  11  larger  interspaces  lymg 
betwixt  3  ceUs,  and  18  smaUer  enclosed  between  2  ceUs. 
"""ZlopediuU,  a  subgenus  of  Pediastn.n^,  differs  not  on^y  ^^^^.P^^^^^ 
ceUs  not  being  bHobed,  but  also  in  having  its  cells  partially  disposed  m  a  double 
Xne  a  46  47  48).    The  ceUs  which  are  in  the  numerical  series  of  4,  b, 
16  32  and  64,  are  subject  to  manifold  ari-angements,  and  fi-equently  aggrc- 
Lted  QiSte  iiTCRularly.    They  are  mostly  so  placed,  that  in  one,  two  or  even 
tee  rectionsfiiey'^ean  be  dearly  discerned  to  be  in  parallel  straight  rows^ 
Aconcentric  disposition  is  quite  exceptional ;  not  ^^^-^^^^^^^^^^^^^^ 
the  cells  occupying  the  same  plane,  some  form  a  pai-tial  second  layer  upon 

'''\^%£^^''a^0%,  52)  the  hexangular  ceHs  a.e  so  arranged  that 
they  form  a  hoUo4,  gloW,  aiiolar  frond  ^^-^-M™^^ 
to  40  ceUs,  which  compose  a  lamina  perforated  by  3,  4,  o,  ^>  J  angiUai  mcMics 
fareote)  sUewhat  larger  than  the  ceUs  ta«eh-es,  and  fe-om  13  to  ^ 
numblr     C<.l.  cuhicum  consists  of  8  cells  urn  ed  m  a  cubical  form,  hoUo^v 
?nsideT  on  each  side  are  4  cells  enclosing  a  q^"^^^f  5^^^^  ^1 

Lastly  in  Sorastrum  the  ^^edge-shaped  or  cordate  cells  (I.  56,  57)  are  all 
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in  close  apposition  and  fox-ni  a  globular  frond.  The  cells  in  the  typical  species, 
S.  echiiiatum,  arc  8  or  16  in  number,  and  so  aiTanged  that  all  their  apices 
converge  towards  and  meet  in  the  centre  of  the  frond. 

Sjjhcerodesmzis,  which  probably  is  rightly  accounted  one  of  the  Pediastreaa, 
is  named,  but  not  described,  by  Niigeh ;  we  are,  however,  informed  by  Braun 
(Gen.  Nova,  p.  70,  in  foot-note)  that  its  fi'onds  are  composed  of  4  spherical 
cells  closely  aggregated  in  a  rhomboidal  form. 

Development  .iJS'D  Gtrowth. — Scenedesmus .  multiplies  by  fission,  as  Ralfs 
bcheved,  in  an  obhque  du-ection,  but  according  to  Ntigeli,  parallel  to  the  long 
diameter  of  the  cells.  The  former  adopted  his  opinion  from  the  features  of 
biserial  chains ;  but  the  latter  intei-prets  those  appearances  by  the  simulta- 
neous occuiTcnce  of  longitudinal  and  of  transverse  fission  (I.  37,  39). 

The  process  of  self-division  commences  genei-aUy  at  the  same  period  in 
each  cell  of  the  frond  (family,  Niigeh),  and  proceeds  with  so  great  rapidity 
that  its  intermediate  stages  are  unobserved.  One  of  the  two  terminal  cells 
(I.  39),  or,  in  an  eight-celled,  probably  the  two,  sometimes  remain  for  awhile 
undivided.  The  cell  separates  iato  two,  then  each  of  these  'again  into  two 
others,  and  at  times  this  act  of  subdivision  is  repeated  a  third  time.  By  a 
more  prolonged  act  of  segmentation  of  the  cell-contents,  the  result  is  a  number 
of  minute  cells  which  arrange  themselves  in  rows  of  two,  four,  or  eight,  and 
thus  form  miniatm-e  fronds  which  ultimately  escape  the  parent-cell  by 'rup- 
ture. Occasionally,  adds  Niigeh,  the  young  fi-onds  are  connected  together 
by  mucus,  formed  by  dissolution  of  the  parent  cell- wall.  Development  takes 
place  in  paraUel  planes,  although  by  their  increase  they  become  mutually 
compressed  and  irregular,  and  the  chains  curved  prior  to  their  discharge. 

This  production  of  macrogonidia  and  their  cohesion  into  fronds  has  not 
been  seen  by  Braun,  and  is,  in  his  experience,  an  exceptional  phenomenon 
{Gen.  Nova,  p.  67), 

"When  Mr.  Ealfs  wrote  his  work  on  the  Desmidieae  (in  1848)  he  had  to 
confess  himself  altogether  ignorant  of  the  modes  of  reproduction  both  of 
Pechastrum  and  Scenedesmus.  He,  however,  described  self-division  of  the 
cells  m  both  genera,  but  rightly  regarded  this  process  as  one  not  of  develop- 
ment, but  of  vegetative  increase  and  repetition.  On  this  subject  he  remarked 
(op.  cit.  p.  _182),— "  I  have  not  seen  the  ceUs  duiing  the  process  of  division, 
but  I  am  mformed  by  M.  de  Brebisson  that  it  takes  place  at  the  notch,  ii^ 
the  same  manner  as  m  other  Desmidiete:  hence  the  ceUs  in  each  cii'cle  ai-e 
comiected  at  their  ends,  like  those  of  the  filamentous  genera,  I  do  not 
however,  understand  m  what  manner  the  additional  cii'cles  are  formed,  no^ 
why  the  numbers  m  each  circle  are  so  constant  " 

but^Sh^tttL'v.r'  equally  ignorant  of  the  propagation  of  Pediasm^i, 
Zl  ^nt-     ^^^^  P'?^^  '  }^  resembled  that  of  Scenedesrm^.    The  num- 
ber of  ceUsm  a  table  or  frond,  indicated  to  his  mind  its  production  by  a  Ss 
of  fissions  in  the  power  of  two ;  and  he  presumed  that  a  new  frond  was  'ene 
rated  within  a  parent  ceU  by  division  of  its  protoplasm,  ^nZ^  h^iTZeZs 

i;;terXf  tISf;  1^  ^ young  frondstrnS 
comnosed  of  thp?^  1,°^  "f*^""  specimens,  that  like  these  they  are 

of  l^rd  rare  V  nf  «      '  v'^'."^'  ^  "^''^  ^"^^'^'^^^^ 

raUy  buTnot  inv^nnll  ^'"^  ^  P'^^^^t  ceU,-the  number  gene- 

STtL  frond  Tcru'c^C'^C?,?  f '  '""f  ^^"^ 

ooenooium.    Ihe  coUection  of  gonicHa  was  enclosed  by  a 
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common  envelope,  within  which  they  moved  actively  about  for  a  quarter  of 
an  hour  hefore  coming  to  a  state  of  rest,  and  arranging  themselves  regularly 
in  a  frond  (I  64)     This  sac  is  described  in  the  author's  work  on  Ucjuvenes- 
cence  (Bay'Soc.  p.  184)  as  the  vesicular  inner  layer  of  the  mother-cell. 
He  witnessed  this  production  of  gonidia  from  many,  but  not  from  all  the 
ceHs  of  the  fronds,  for  it  seems  to  take  place  in  them  m  succession,  and  pro- 
bably in  some  definite  manner,  according  to  their  position  m  the  frond  He 
further  describes  the  development  of  microgonicha  to  foHow  the  same  plan  as 
that  of  macrogonidia,  but  to  differ  from  the  latter  in  number,  size  and  form, 
and  in  duratioi  and  cessation  of  motion.    Macrogomcha  have  a  subglobose 
Lure  a  diameter  of  r^th  of  a  millimetre ;  one  side  hyaline,  and  scarcely 
elongatedrtS  other  t^ed  towards  the  periphery  of  the  frond  green  and 
by-£id-by  extended  and  emarginate  :  no  vibratile  ciha  discoverable  on  them. 
They  never  leave  the  sac  in  wHeh  they  are  produced ;  and  the  young  frond  is 
seen,  untU  the  close  of  the  second  day,  loosely  enveloped  by  a  gelatmous 
layer,  which  ultimately  disappears  by  deHquescenee  (1.  64). 

On  the  other  hand,  miarogonidia  are  at  first  densely  aggregated  |md 
closSy  Svested  by  the  sac  in  wHch  they  are  generated ;  hke  ^nacrogonidia 
?hey  are  subglobose  (I.  60,  61,  68,  69).  After  a  while  the  sac  is  gi-aduaQy 
Sed  and  growing  more  and  more  in  length,  forms  an  acute  hyahne  beak 
SI)  a  long  as  the  green  portion,  which  constitutes  the  rest,  or  the 
bodrS  the  gonidium.  This  rostrum,  moreover,  is  furmshed  either  with  a 
mi  of  ciha,  longer  than  the  body,  or  with  a  single  cilium.  The  length  of 
Ee  developed  ^crogonidia  is  nearly  ^th  millimetre  ;  the  thickness  ^th 
these  deveiope  B^^^^^^^^  first  slow;  but  when 

to  is  folly  expanded,  it  is  very  active,  and  continued  _  for  an  hour  and 
™rds?^^^  the  sac  is  ruptured,  and  the  whole  heap  of  microgomdia  escape 
Thrmimber  of  microgonidia  cannot,  by  reason  of  their  aggregation  and  their 
swarSSg  movement,  be  easHy  determmed ;  at  least  64  occur  m  a  sac  and 
Zrci^iy  man;  more,  for  instance,  128.    Of  then-  subsequent  history, 

n^^er      t'tS^^  l^ook  on  Eepyenescence  (E  S.) 

info«  at  p  200,  that  before  the  formation  of  the  gonidia  of  Pedtastrum, 
the  starch-grak,  the  nuclear  character  of  wHch  has  been  above  re- 

mXd  disap^^^^^^^^  From  the  same  source  we  also  obtam  a  senes  of  lUus- 
^.Hons  of  Te  development  of  macrogonidia,  of  then-  arrangement  m  the 
SXitic  steS^^^^^  form,  and  of  the  varieties  m  the  number  ^d 
^angement  of  the  component  ceUs,  which  may  be  seen  in  examples  of  the 

^^KSo^L^^^^^^^^^^    CceUstrurn  and  Sorastru^  is  -^-w 

The  PediaLe^  are  of  fr-eshwater  habit,  Hving  in  f T^^^ 
frequently  form,  in  conjunction  with  other  smaU  Pl^^^^' 
scX    They  are  also  common  in  turfy  pools  on  moors,  and  mvest  the  surface 

""'ZZZtoS^^-o.  PEm.srBE..-Mr.  Ealfs  foUowed  Ehrenbexj 
MenegS  and  others  in  placing  the  Pediastre.  Tt^ftS  InM 

wild  tot  the  Pcdiusti-ese  as  a  subfamUy  ot  Dosmidica).  (B        ^  W 

r^gL  ft^  with  the  P»  a,  a^tn'atSSstiS-^S  tS  Z 
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characters  of  a  complete  cell ;  that,  unlike  the  Desmidieae,  they  propagate  by 
goniclia;  have  but  one  instead  of  two  or  more  equally-sized  starch-grains 
and  a  central  nucleus ;  and  that  their  fronds  are  not  distinguishable  into  two 
symmetrical  halves.  "  The  Desmidiese  are  evidently  multicoUulai',  or  pseudo- 
imiceUular,  from  separation  of  their  ceUs,  whilst  (says  Braun)  Pediastrum 
is  a  true  unicelliilar  Alga  rendered  pseudo-multiceUular  by  the  cohesion  of  the 
cells.  The  aggregation  of  ceUs  in  Desmidieae  is  always  xxniserial,  filiform  or 
concatenate ;  the  fronds  of  Pediastrum  are  grouped  on  a  plane  of  a  disc-form 
or  frondose  chai-aeter." 

Braxm  nest  traces  the  affinities  of  Pediastrum,  and  remai-ks  that,  although 
it  resembles  Hydrodictyon  in  the  construction  of  its  fronds  (coenobia)  by  the 
connexion  of  motile  gonidia,  yet  since  in  Hydrodictyon  the  gonidia  are 
simultaneous,  and  in  Pediastrum  successional,  it  is  rather  an  analogy  than 
an  affinity  which  exists  between  these  two  genera.  However,  he  admits  the 
correctness  of  the  association  of  Pediastrum  with  the  genera  Nageli  indicated, 
viz.  with  Sorastrum,  Coelastrum,  Scenedesmus,  and  probably  Sphcerodesmus, 
and  would  add  to  their  number  the  genus  Staurogonia  (Kiitz.),  the  Orucigenia 
of  Morren  {Ann.  des  Sciences  Nat.  1830,  p.  404).  All  these  genera  agree 
with  Pediastrum  in  the  successional  formation  of  gonidia,  yet  differ  from  it 
in  other  particulars  except  in  the  construction  of  the  frond  from  motionless 
gonidia.  Among  other  genera,  Polyedrum  may  be  likened  to  Pediastrum  in 
the  form  of  its  ceUs,  but  its  propagation  is  unknown ;  lastly,  Characium  and 
Cystococcus  agree  with  Pediastrum  in  the  successional  genesis  and  activity  of 
their  gonidia. 

To  this  elucidation  of  the  affinities  of  Pediastrum  we  have  to  add  the 
observation  of  Cohn  (EntwicJc.  d.  mihr.  Alg.),  of  the  analogy  or  affinity  in 
general  stnicture  between  this  genus  and  Gonium. 

The  division  of  Pediastrum  into  tribes  or  subgenera,  as  proposed  by  Braun 
and  the  distinction  of  species  of  the  Pediastreae  ia  general,  will  receive  duo 
consideration  in  our  systematic  account  of  the  family, 

II.- OP  TKE  FAMILY  DIATOME^  OE  DIATOMACE^. 
(Plates  IV.  to  XVII.) 

General  and  Exteenai  Chaeactebs  op  T)u.T:o-M:EM.—Testules  or  Frus- 
tules.— Figure:  free  concatenated,  and  fixed  Forms.— Varieties  of  Filaments 
and  of  Pedzcels— Aggregated  Frustules.— The  Diatomete,  Diatomaceee,  or 
tymbeUeae,  are  imiceUular  organisms  composed  of  two  opposite  plates  or  valves, 
generaUy  convex  and  of  an  interposed  connecting  thii-d  segment,  formia-- 
together  a  miniature  box  of  a  silicious  natui-e,  enclosing  a  soft  organic  matter 
rarely  green,  but  usually  yeUowish  or  orange-brown  i^  coloS-  T W  Shabit 
either  fresh,  salt,  or  brackish  water.  J-uey  mnaoii 

They  were  reckoned  by  Ehrcnberg  among  the  BaciUaria,  and  have  in  con- 
sequence been  sometimes  described  as  silicious  BaciUaria 

^S^Sr^^'''  ^-^P^  -  of  E^bei^LSs Tm- 

the^S""!? WH^^T^^'  "^''^  "^'^"^y  this  family;  and 

W^uLthiso  t  ^  '  ^^^"^"^  ^^'^  ^  "^-^  ■'^^"te-  Deeply  notehed 
and  the  TTrocketTo^   Desmuhea),  e.  g.  Micrasterias  and  Eiuistrum,  di  not  occm- ; 
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FiaTJEE.— There  is  an  immense  diversity  of  figure  among  the  fnistules, 
determined  chiefly  by  that  of  the  opposed  valves,  but  in  some  degree  also  by 
the  amount  of  development  of  the  interposed  thii-d  segment  or  cmgulum 
(XVI  23  24  )  This  last  Mr.  Ralfs  considers  an  essential  part  of  every 
frustuie-  but  Prof.  Smith  states  it  to  be  a  secondary,  non-esseatial  element 
consequent  on  the  growth  of  the  organism,  and  specially  developed  m  rela- 
tion to  the  process  of  self-division,  men  this  cingulum  or  "  connecting 
membrane"  is  much  enlarged  prior  to  fission,  the  figm-e  as  viewed  on  this 
side  is  considerably  changed,  and  the  appearance  of  a  double  fimtule  often 

occasioned.  ,  -,     ,  n  /< 

Not  a  few  of  the  Diatomefe  are  much  elongated  and  narrow,  and  from  pre- 
senting a  wand-like  figure  (IX.  148,  166,  174 ;  X.  184,  185),  suggested  to 
Ehrenberg  the  term  BaciUaria  to  designate  the  family.  However,  some 
species  aie  trapezoid,  or  square,  or  nearly  so  (X.  47,  21  22),  others  round 
like  pill-boxes  (IX.  131,  181;  X.  200,  204),  whilst  others  again  are 
almost  globular  or  spheroid,  owing  to  the  great_  convexity  of  the  valves. 
Several  genera  are  boat-shaped,  scaphoid,  or  navicular  m  figure  (IX.  139, 
135  •  XII  5  6  8,  48,  43) ;  some  are  rather  oval,  egg-shaped,  or  ovoid ; 
many  resemble'  thin  flattened  discs— are  discoid  (XI.  33  35,  36,  3 9 ) ; 
many  are  wedge-shaped— cuneiform,  or  cuneate  ;  a  few  are  tnangular  (XI. 
43,  45)  ;  lastly,  some  are  curved  or  twisted  on  themse  ves,  and  others  assume 
in  certahi  dii'ections  a  sigmoid  or  an  undulated  figure  (IX  144, 145  ;  XV.  11 
22  59  60^  Evenly-curved  valves  are  said  to  be  arcuate,  such  as  tnose  ot 
E^iia  (tX.  165;  XVI.  10,  18),  and  of  some  species  of  CymhelU^^ 
mtzscUa  whUst  the  peculiarly-twisted  valves  of  Campylodm  (XVll. 
Stra-  sa"dle-shaped.'ln  f7,i.opZ.«m,  agam,  the  surface  of  the  vdves  is 
undulated,  and  whei  bent  rather  sharply  at  an  angle  on  themselves,  the 
valves  become  geniculate,  as  iu  AcJinantUdivm.  ■  .  f 

As  a  rule  th^.  frustules  of  Diatome^  axe  symmetrical  and  consist  of  two 
equ^  and  similar  halves  ;  but  exceptions  to  tWs  are  found  in  the  Achnanthe^, 
Docconeidaj,  and  one  or  two  other  families  (IX.  15J).  ^i.     i   v,  • 

'X^Lr  Variety  of  fnrstules  is  described  as  ^wjnf  or  alate,-^he  da  b^mg 
a  smooth  expansion  in  the  form  of  a  margm  (XIII.  5  6  7).  _  l^e  may 
ansTfrom  the  margin,  and  are  then  said  to  be  marginal,  as  m  SurirelU,  or 
XrSfrom  the^di^c,  as  in  Tryblionella,  in  which  they  are  caHed  submar- 
gS™A  foi^ther  modification  of  the  valves  aifecting  fig^^/^.^/'^^PSi^ 
&ia  and  Ampliprora,  wHch  have  a  lo^S^^xidinal  ek^^^^^^^^  exten^g 
from  one  extremity  to  the  other ;  such  ndges  are  called  keels,  the  vah^ es 
keeled  or  carinateZ  In  the  discoid  forms  two  Portions  -^^^^^^^J^^;^ 
guishable,  viz.  the  disc  and  margin  or  rim  (XI  31,  35,  ^8  ,  thej^  at  tu^^^^^ 
fpTiarated  bv  a  distinct  line,  and  often  presenting  different  sculptuimg  tiom 
he  o?her.  The  disc  moreover  exHbits  occasionaUy  at  its  centre  a  promi- 
nence or  elevated  thickness  caUed  an  umbo  or  boss.    In  E^^pod^scus  _(XI  41, 

'Th^^Lwties  of  some  species,  in  Nit^clna  ^-^P^-^tZ^Z 
extremely  elongated,  forming  long,  filifoim,  tubular  processes  ;  and  m  Den- 
SSL,  JiM^Ma  (II.  46,  48,  ^0)^  ^lat^S^.  thte 
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Diatoms,  referred  by  Mr.  Brightwell  M.  S.  185G,  p.  106)  to  the  genus  Ohce- 
toceros,  have  liighly  developed  spines  on  the  valves,  besides  the  two  pairs  of 
very  long  filiform  smooth  or  spinous  horns  springing  from  the  fi-ustules 
themselves,  or  from  the  interposed  cingulum.  Cerataulus  is  another  genus 
provided  with  a  pair  of  long  horn-like  processes. 

Great  variety  of  outline  may  prevail  in  a  genus,  so  considerable  indeed 
that  an  accurate  definition  is  with  difficulty  laid  down,  the  characteristics 
shading  off  through  several  species,  until  at  length  the  similarity  to  an  as- 
sumed typical  form  is  much  diminished,  whilst  on  the  other  hand  an  ap- 
proach is^made  towards  the  features  of  another  genus.  The  like  latitude  of 
form  prevails  also  vnth.  species,  and  gives  rise  to  very  numerous  and  fi-e- 
quently  perplexing  varieties.  On  this  topic  Prof.  Smith  remai'ks — "  WhUe 
a  typical  outline  of  its  fnistule  is  the  general  characteristic  of  a  species,  this 
outline  may  be  modified  by  the  accidental  cu'cumstances  which  suiTound  the 
embryo  during  its  growth  and  the  development  of  its  silicious  epiderm ;  then, 
any  such  aben^ation  of  form  becomes  stereotyped  by  the  process  of  self-divi- 
sion of  the  fnistule,  generating  multitudes  of  others  slightly  deviating  from 
the  normal  form."  It  must  not  be  forgotten  that  the  figure  is  greatly  modified 
or  entii'ely  changed  by  the  position  of  the  valves,  whether  seen  in  face  or  on 
one  side  ;  for  each  fnistule  generally  presents  four  planes  or  sides,  and,  unless 
regard  be  paid  to  this  circumstance,  one  genus  may  be  mistaken  for  another, 
or  even  each  view  be  presumed  a  distinct  genus.  Thus  in  the  genera  Navicula, 
Pinnularia  (XII.  5,  6, 15,  18),  and  in  many  others,  the  fnistules  are  on  one 
aspect  boat-shaped,  but  on  the  other  oblong  with  tmncated  ends,  or  prismatic. 
In  the  genus  Triceratiwm  (XI.  43,  44),  the  difference  of  figure  is  very  re- 
mai'kable  according  to  the  side  viewed  (as  presently  illustrated).  It  is  there- 
fore necessary  to  examine  a  specimen  on  every  aspect  it  presents :  this  can 
generally  be  effected  by  the  accidental  rolling  over  of  fnistules  under  inspec- 
tion, or  can  otherwise  be  brought  about  by  a  very  slight  sliding  movement 
of  the  thin  glass  cover  upon  the  slide  under  the  microscope. 

Ml-.  BrightweU  thus  describes  and  explains  the  ti-ansitions  of  form  produced 
by  a  change  in  position  of  the  frustules  of  the  genus  Triceratium  (J.  M.  8. 
i.  248) : — "  The  normal  view  of  the  frustide  may  be  represented  by  a  vertical 
section  of  a  triangular  prism.  If  the  frustule  be  placed  upon  one  of  its  flat  sides, 
we  look  down  upon  its  ridge  and  obtain  a  front  view  of  its  two  other  sloping 
sides.  If  it  be  placed  upon  one  of  its  ridges,  we  have  a  fi-ont  view  of  one  of 
its  flat  sides,  generally  broader  than  long,  and  of  its  smooth  or  transpai-ent 
suture  pr  connecting  membrane.  If  the  frustule  be  progressing  towards 
self-division,  it  is  then  often  considerably  longer  than  broad,  and  when  neaiiy 
matured  for  separation  presents  the  appearance  of  a  double  frustiile." 

It  would  be  in  vain  to  attempt  to  describe  all  the  numerous  forms  assumed 
by  the  members  of  this  extensive  family ;  the  representations  in  the  plates 
of  this  volume  wiU  convey  the  clearest  notions  of  their  diverse  outline  and 
marlangs  (see  Plates  4  to  17).  Cxreat  difference  unfortunately  has  existed  re- 
specting the  sides  which  should  be  esteemed  primary  and  afford  specific  cha- 
ractenstics,  and  those  which  should  be  held  as  only  secondaiy;  and  the 
nomenclatm-e  of  the  surfaces  has  been  equaUy  a  matter  of  dispute  and  imccr- 
tamty.  Ehrenberg  employed  the  terms  dorsum,  venter,  and  lateral  surfaces 
rhTX'^i  loosely  that  they  do  not  always  indicate  homologous  portions. 
Ihus  ho  has  often  caUcd  a  convex  surface  the  dorsum,  simply  from  its  convexity, 
rirn  f-^  °ne  the_^m^.r,  on  account  of  its  concavity.  Kiitzing  attempted 
l^oZZ      ™  phraseology  by  calling  those  sides  which  have 

t^^^'^^gl^  ^^'liicli  solf-cUvision  occurs,  the 
pnmajy  stdes,  and  the  other  two  the  secondary  sides,  fm-ther  distinguishing 
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the  latter  into  a  right  and  a  left  mth  reference  to  the  frustulc  when  lying  on 
a  primary  side.  The  left  side  is  often  concave,  and  the  right  convex ;  mostly, 
however,  the  two  are  alike.  As  a  general  nile  the  primary  sides  correspond 
with  the  lateral  surfaces,  and  the  secondary  with  the  dorsum  and  venter  in 
the  terminology  of  Ehrenberg.  Mr.  Ralfs,  in  his  papers  in  the  Ann.  Nat. 
Hist.,  used  the  simple  terms 'front  view'  and  'side  view,'  corresponding 
respectively  with  Kiitzing's  names  primary  and  secondai-y  sides.  The  Eev. 
"W.  Smith  adopts  this  nomenclature  as  the  most  convenient  for  the  English 
student,  and  uses  the  term  '  front  vieiu '  to  denote  the  aspect  of  the  frastulc 
when  the  valvular  sutuxe  (connecting  membrane),  or  the  line  along  which 
s'elf-division  takes  place,  is  tiu'ned  towards  the  observer,  and  the  term  '  side 
view '  when  the  centre  of  one  valve  is  directed  to  the  eye.  He  adds — 
"  Even  these  terms  will  require  modification  when  applied  to  some  of  the 
more  complex  and  irregular  forms ;  but  in  general  their  meaning  will  be 
sufficiently  obvious." 

It  must  happen,  therefore,  from  this  terminology,  that  at  times  a  front 
view  cannot  be  said  to  exist,  viz.  when  the  connecting  membrane  is  obsolete 
and  the  opposed  valves  are  closely  appUed  to  each  other,  a  suture  alone  in- 
dicating the  line  of  junction. 

In  size  the  Diatomese  vaiy  very  greatly;  some  individual  frustules  are 
cognizable  by  the  naked  eye,  whilst  others  require  the  highest  powers  of 
the  microscope  to  display  them.  Even  among  specimens  of  the  same  species 
great  diversity  of  size  prevails, — a  pecidiarity  much  detei-miaed  by  the  cii-- 
cumstances  surrounding  a  frustule  at  the  period  of  its  development,  and 
afterwards  perpetuated  through  a  long  series  of  individuals  multiplied  by 
self-fission. 

The  Diatomeae  exist  under  three  chief  forms,  as — 1.  Single  isolated  free 
frustules.  2.  Erustules  attached  by  a  stalk,  stipes,  or  pedicle.  3.  Frustules 
coherent  in  chains,  or  aggregated  together  in  ramose  tufts  by  an  interposed 
gelatinous  substance.  The  third  form  is  the  consequence  of  incomplete  fission, 
or  of  imperfect  separation  after  fission.  Incomplete  fission  and  consequent 
concatenation  are  observed  in  BaciUaria,  Meridian,  Himantidium,  Melosira, 
Odontidium,  Striatella,  Fragilaria,  &c.  (IX.  131,  167,  171,  175,  176,  177); 
and  the  form  of  the  chain  or  filament  produced  be  determined  by  the 
figure  of  the  individual  frustules  composing  it.  For  instance,  if  these  be 
rectangular,  then  the  resulting  chain  (IX.  171,  172,  176;  XIV.  2,^4,  6,  13) 
is  straight,  but  if  wedge-shaped,  it  is  curved  or  spiral  (IX.  177,  179 ;  XII. 
21).  The  extent  and  degree  of  attachment  of  the  adjoining  fr-ustules  differ 
in  different  genera ;  thus,  in  BaciUaria  it  is  very  shght,  and  readily  yields, 
allowing  one  segment  to  glide  on  another,  or  to  separate  from_  it,  except  at 
one  point,  yet  at  the  same  time  possessing  the  power  of  recoveiing  itself.  In 
Odontidium,  Himantidium,  Benticula,  and  Meridian  (IX.  177),  the  mutual 
adhesion  of  the  several  segments  is  stronger ;  and  after  the  opposed  siufaces 
have  been  separated,  future  adhesion  is  not  effected.  In  Fragilaria,  the  ad- 
herence is  more  tenacious.  In  Diatoma,  Tahellaria,  Grammatopliora,  Am- 
phitetras,  &c.  (II.  46 ;  XI.  22,  52 ;  XIY.  23),  the  frustules  hang  together  by 
a  sort  of  hinge  inserted  between  adjoining  angles  in  a  zigzag  fasluon.  In 
Isthmia,  this  hinge  or  connecting  link  attains  a  greater  mag-nitudc,  and,  in 
fact  is  double.  In  Podosira  (II.  45)  and  in  some  species  of  Melosira  a 
junction-process  is  developed  from  the  centre  of  each  frustule  in  the  chain. 
In  other  Melosiras  and  in  Orthosira,  the  jimction-suifaces  are  toothed  (den- 
tate) and  thus  hold  the  adjoining  frustules  in  firm  union.  In  the  instance 
of  Biddulmliia  (II.  46,  48),  the  surfaces  in  union  are  cui-iously  elongated  at 
the  ano'les  into  rounded  or  horn-like  processes,  wlulst  their  convexity  is 
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crowned  by  several  bristles  or  setae.  Lastly,  in  Eticamjoia  (II.  43)  the 
junction-siirfacos  ai'e  so  excavated,  that  when  the  frustules  are  concatenated  a 
filament  is  formed,  perforated  by  oval  foramina. 

In  not  a  few  genera,  as  above  mentioned,  the  attachment  is  at  opposed 
angles,  and  a  zigzag  chain  produced ;  but  in  Isthmia  (X.  183)  it  is  peculiar 
in  being  indiscriminately  made  at  any  part  of  the  adjacent  fnistule,  and 
thereby  produces  an  irregularly  branched  filament. 

The  above  examples  mU  suffice  to  illustrate  the  characters  and  varieties 
of  concatenation  in  the  form  of  filaments,  whether  straight  or  spiral ;  but  it 
is  necessary  to  add  that  the  width  of  a  filament  "  equals  the  length  of  the 
frustule  or  valve  measured  along  the  suture  or  junction-line,  and  that  the 
breadth  of  the  valve  denotes  the  thickness  of  the  filament "  (Smith,  Synops. 
n.  6).  In  those  instances  in  which  frustules  are  connected  together  by  a 
process  or  small  isthmus  acting  as  a  sort  of  hinge,  the  concatenation  cannot 
be  ascribed  to  incomplete  division  only,  for  the  existence  of  such  a  process  is 
the  result  of  a  special  formation  which  essentially  corresponds  with  the 
pedicle  or  stipes  of  fixed  species. 

Knmerous  Diatomeae  grow  attached  to  foreign  bodies  by  a  stalk  of  variable 
length,  and  which,  although  generally  simple,  is  sometimes  compound  by 
dividing  and  subdividing  in  a  ramose  manner.  Even  among  the  recognized 
free  Diatomeae,  such  as  Navicula,  Pinnularia,  Nitzschia,  Sec,  specimens  are 
not  nnfrequently  seen  adherent  by  one  extremity,  about  which  they  turn 
or  bend  themselves  as  on  a  hinge ;  however,  in  these  instances  such  union 
is  but  temporary,  and  no  connecting  medium  exists.  In  Synedra  (X.  184), 
on  the  other  hand,  a  bond  of  imion  occurs  iu  the  form  of  a  little  gelatinous 
conical  nodule,  resembliug  very  nearly  the  hinge-Kke  isthmus  which  binds  to- 
gether the  frustules  of  many  genera  iu  a  sort  of  zigzag  chain.  By  the  process 
of  self-division  it  also  comes  to  pass  that  groups  of  Synedrce  occur  attached 
together  by  the  same  poiut,  in  a  fan-like  or  a  stellate  form,  as  in  8.  radians, 
S.  affinis,  &c.  In  other  species  detachment  after  fission  is  too  speedy  to 
allow  of  this  sort  of  combination,  except  of  some  two  or  four  individuals. 
The  fan-like  collection  of  frustules  is  said  to  be  flabeUate,  fan-Hke,  or 
radiating ;  and  when  the  component  members  are  ciuwed,  they  and  the  bun- 
dles they  form  are  described  as  arcuate.  The  nodule  of  attachment  occurs 
in  various  degrees  of  development,  and  attains  in  this  same  genus  Synedra  to 
the  dimensions  of  a  pedicle — ex.  in  Synedra  superla,  and  even  to  branch, 
as  in  Synedra  fuly ens  and  Synedra  joidchella. 

When  a  stipe  branches,  it  does  so  normally  in  a  dichotomous  manner  by 
the  very  circumstance  of  the  process  of  self-division,  each  new  individual 
produced  by  that  act  developing  its  own  secondaiy  pedicle,  or  pedicel. 

This  regular  dichotomy  is  instanced  in  the  genera  DorypTiora  (XIV  21) 
Cocconma  (XIII.  1 0),  and  Oomplionema  (XIII.  11).  In  Licmopliora  (XIIl' 
20),  and  m  one  species  of  Rhipidophora,  viz.  Eh.  Dalmatica,  an  irregular 
branchmg— essentiaUy  dichotomous,  however— is  met  with,  and  is  thus  ex- 
plained by  Prof.  Smith:— "In  Rhipidophora  paradoxa  and  Rh.  elonnata, 
self-division  is  immediately  foUowed  by  the  separation  of  the  half-new  frus- 
tules and  a  chchotomy  in  the  filamentous  stipes,  wliile  in  the  present  genus 
the  trustules  remain  for  a  time  coherent,  and  continue  dividing  and  mul- 
tiplying on  the  summit  of  the  pedicel,  which  becomes  elongated  and  incras- 
sated  at  each  successive  repetition  of  the  process.  .  ..  A  branching,  or  rather 
longitudinal  rupture,  of  the  pedicle  takes  place  at  irregular  intervals ;  and  the 
entire  orgamsm  presents  us  with  more  or  less  complete  flabella  (fan-Uke- 
clusters)  on  the  summit  of  the  branches,  and  imperfect  flabeUa  or  single 
trustules  irregularly  scattered  throughout  the  entire  length  of  the  pedicel." 

d2 
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The  same  authority  has  the  following  remark  on  the  process  of  ramification : 
he  says  (i.  75),  "  When  self- division  (i.  e.  of  the  frustules)  is  completed,  the 
extension  of  the  filament  below  the  fmstules  is  suspended,  a  joint  or  arti- 
ciilation  is  formed  at  the  base  of  the  dividing  frustule,  and  each  of  the  half- 
new  frustules  begins  anew,  in  its  progress  towards  special  seK-division,  the 
secretion  of  a  new  joint  or  internode ;  and  a  dichotomy  is  the  result." 

The  occurrence  of  the  double  condition  of  union  of  frustules  in  a  con- 
catenate manner  and  of  attachment  by  a  pedicle  is  illustrated  in  the  genera 
Achnanthes  (X.  201,  202),  Striatella  (X.  203,  204),  Bhahdonema  (XIII.  27), 
and  Podosira  (II.  45).  In  Melosirci  also,  attached  species  occur;  and  Prof. 
Smith  inclines  to  the  opinion  that  aU  filamentous  Diatomese  are  stipitate  on 
their  first  production.  In  the  second  stalked  genus  cited,  viz.  Striatella,  the 
stalk  attains  the  highest  development,  but  remains  slender  and  unbranched. 
Between  this  most  developed  form  and  the  mere  nodules  of  attachment  m  the 
genera  Achnanthes  and  Melosira,  every  intermediate  phase  is  encountered. 
In  any  one  species,  however,  there  is  no  positive  determmate  length  of  the 
stipes,  for  tHs  varies  according  to  the  idiosyncrasy,  vigoui',  and  external  con- 
ditions aifecting  the  organism;  consequently  characters  derived  fi'om  the 
dimensions  of  the  stems  can  have  no  specific  value. 

There  is  a  large  section  of  Diatomese  in  which  the  fi'ustules  are  diitused 
throughout  a  mucous  or  muco-gelatinous  mass,  rarely  confusedly,  but  mostly 
in  a  definite  manner,  usuaHy  in  thread-  or  tube-like  branches,  which  nor- 
mally ramify  in  a  dichotomous  fashion,  and  resemble  on  a  mmute  scale  the 
tufts  formed  by  many  large  sea-weeds.    This  pecuHar  aggregation  is  the 
consequence  of  the  large  production  and  subsequent  persistence  of  the  mucus 
which  is  thi'own  out  when  the  system  of  reproduction,  whether  by  sporan^a 
or  by  fission,  takes  place.    Histologically,  therefore,  it  Ls  homologous  with 
the  pedicles  and  connecting  nodules  or  isthmi  thrown  out  diuing  the  act  ot 
seK-division,  as  also  with  the  mucous  stratum,  which  stiU  very  often  pereists 
when  that  act  is  complete,  around  specimens  of  Cocconeis,  Chaioceros,  Melo- 
sira, Fragilaria,  Striatella,  &c.  4-  „  _i,„f 
The  tissue  thus  composed  of  mucus  and  enclosed  frustules  constitutes  what 
is  caUed  (from  analogy  with  the  large  Algse  and  other  Cryptogamic  plants) 
the  frond,  and  affects  various  shapes,  in  some  measui-e  charactenstic  ot  the 
o-enera     Thus,  in  one  of  those  so-called  frondose  Diatome^,  yiz.  Dickma 
(XV  30  31)  it  is  membranous  and  leaf-Hke,  and  resembles  a  species  ot 
Ulva;  in  Mastoqloia,  filiform  with  nipple-like  expansions;  m  Encyonema 
(XIV.  22),  Homoeocladia  (XIV.  37,  38,  47,  49),  and  ^cM^on^^na,  filamentous 
and  more  or  less  branched ;  in  Colletonema  suhcohayrens,  globose.  Again,  when 
filamentous,  the  ramifications  differ  much  in  tliickness  and  m  expansion,  and 
in  the  extent  of  adhesion  between  the  branches;  where  these  are  long  and 
slender  they  are  caHed  '  capiUary,'  and  where  contiguous  bi-anches  coalesce 
thev  give  rise  to  a  submembranons  condition.    The  degree  and  mode  ot 
division,  the  coUection  of  the  branches  into  bimdlcs  {i.  e.  fascicuh),  or,  on  the 
contrary,  their  loose  or  diffuse  arrangement,  supply  useful  character  in  Uie 
distinction  of  species.    Again,  the  fronds  chffer  in  consistence,  being  m  some 
eenera  or  species  more  rigid,  setaceous,  or  robust,  m  othere  softer,  flaccid, 
Sdmore  dehcate  :  these  opposite  conditions  fiu-nish  Prof.  Smith  with  grounds 
for  the  division  of  the  genus  Schizonema  into  two  tribes.  . 

The  disposition  of  the  frustules  mthin  the  mucous  investment  supphes 
other  important  distinctions.  Thus  in  Diclcieia  it  is  iiTegular ;  m  Mastoghm^ 
e'lch  ntt  e  fmstule  occupies  "the  summit  of  a  httle  mpple-hke  cushion  of 
Satine  •  "  in  BerlceUya  {ILIY .  34,  35)  the  fmstules  are  densely  packed  m 
the  Samens;  in  EJ.yoncma  they  occui-  mostly  "in  single  file,  except 
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towfu'ds  tlic  extremities,  where  thoy  are  somewhat  crowded"  within  the 
distinctly  tiibulai-  filaments,  and  enjoy  a  certain  latitude  of  movement ;  and, 
lastly,  in  Colletonema  and  Schizonema  (X.  207,  208)  they  are  arranged 
in  one  or  more  files  according  to  the  stage  of  groAvth,  within  less  per- 
fect tubes  than  in  the  genus  last  mentioned,  and  retaiaed  in  situ  by  the 
mucus  around. 

Ehi-enberg  recognized  this  tribe  of  compoimd  Diatomese,  and  introduced  it  as 
one  of  the  sections  of  his  great  family  Bacillaria,  under  the  name  of  Lacernata, 
or  Naviculce  with  a  double  lorica.  His  acquaintance  with  the  group  was,  how- 
ever, very  imperfect,  and  he  appears  to  have  comprehended  in  it  organisms 
quite  foreign  to  it,  and  to  have  failed  to  give  that  precision  to  his  classifi- 
cation of  the  included  beings  which  could  alone  confer  a  high  scientific  value 
and  permanence  upon  it. 

Of  the  Ejtvelopes  op  the  FBtrsTUiiES  of  Diatome^. — Tlie  Silicious  Shell  or 
Lorica  ;  its  Divisions  and  Structural  Composition,  Markings,  Strice,  Oanali- 
culi,  Puncta,  Sfc.  —  Sufficient  has  been  said  of  the  mucous  coat  which  at 
certain  times,  and  always  in  certain  genera,  surrounds  the  frustules  of 
Diatomese.  The  fnistiiles  themselves  remain  to  be  described;  they  are 
hollow  variously-shaped  cells  having  but  one  cavity — unicellular,  and  a 
sUicious  outer  wall,  unaffected  by  a  red  heat  and  by  strong  acids,  which 
would  corrode  and  dissolve  every  other  substance  belonging  to  a  hving  being- 
except  silex.  This  silex  is  stated  not  to  polarize  light,  as  does  the  mineral 
sUex  not  in  combination  with  organic  beings ;  and  the  erroneous  statement 
made  by  some  authors,  of  the  polarizing  effect  of  some  Diatomaceous  shells 
is  due  to  the  circumstance,  that  they  did  not  take  care  to  thoroughly  remove 
the  organic  carbonaceous  matter  with  which  the  sUex  is  in  union  in  the 
frustules  in  question. 

The  silex,  besides  being  united  with  organic  matter,  deposited  it  may  be 
within  a  cellular  tissue,  is  contaminated  by  iron,  which  Professor  FranHand 
of _ Manchester  states  (Smith,  Synops.  p.  xxi)  "exists  in  the  state  of  a 
sihcate  or  protoxide  ....  "and  he  attributes  to  its  presence  "  the  brown  colour 
which  is  assumed  upon  exposing  the  Diatoms  to  the  influence  of  a  moderate 
heat ;  the  protoxide  of  iron,  by  the  gradual  absorption  of  oxygen,  being 
converted  into  brown  peroxide  of  iron,  which  assumes  a  redder  tinge  upon 
being  more  strongly  heated." 

The  relative  proportion  of  silica  varies  within  considerable  limits  in  different 
genera  of  Diatomese.  In  several  genera,  perhaps  in  marine  ones  exclusively, 
it  IS  very  deficient,  and  the  wall  of  the  frustule  is  httie  more  than  horny,  or  it 
may  be  even  flaccid,  as  for  example  in  Dickieia  and  Schizonema.  The  fnistules 
of  Fragilaria,  Striatella,  and  Podosira  are  less  firmly  silicious  than  those  of 
many  others  of  the  filamentous  Diatomeae.  In  some  genera  (those,  viz., 
which  produce  tubular  processes)  sHex  is  deficient  or  absent  from  the  pro- 
duced waU ;  m  Podosira  this  deficiency  occurs  at  the  apex  of  the  valves,  and 
in  Jr-rot.  bmith's  opimon  is  probably  intended  "to  allow  a  free  secretion  of 
the  muciis  which  unites  the  fmstiiles  and  provides  a  pedicle  for  their  attach- 
ment to  the  plant  on  which  they  grow,  as  it  does  not  occur  on  the  non- 
attached  valve  of  the  first-formed  frustule.  In  the  living  state  the  absence 
fnJ^?  not  perceived;  but  when  the  frustules  have  been  macerated  in 
ani'nrnr  ^^"^'"'^  the  valves  appear  as  perforations,  owing  to  the  dis- 
appearance of  the  ccU-merabrane." 

1,Jil^v^'^*^''^°^  Diatomeae  arc  composed,  as  before  stated,  of  two 
rZ;.f^7f  ^''T'^^  enclosing  a  single  cavity,  wliich  becomes 

dZS  1  "  ^r^"'        ^^''^  ^'^g'^'^nt  intci-posed  between  them,  pro- 

duced preparutoiy  to  the  process  of  self- division.    Mencghini  asserts  that 
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the  silicious  shield  or  lorica  is  four-sided,  and  comiDosed  of  four  pieces  or 
valves.  Although  this  appears  to  be  the  true  structure  of  some  species,  owing 
to  the  ready  separation  of  the  connecting  memhrane  iato  two  portions,  yet  the 
majority  offer  no  countenance  to  the  notion,  the  connecting  membrane 
forming  a  continuous  oval  or  circular  ring.  In  Triceratium,  however,  is  an 
example  of  an  even  more  pseudo-multiple  composition ;  for  its  prismatic  tri- 
angular frustule  breaks  up  into  "  two  triangular  plates  or  walls  of  silex 
forming  the  ends,  and  into  three  oblong  rectangular  pieces  or  bands  forming 
the  three  sides,  the  latter  usuaUy  dividing  themselves  into  several  elongated 
paialleliform  pieces"  {Brightwell,  J.  M.  S.  i.  248). 

Again,  in  several  genera,  doubtfully  arranged  by  Ehrenberg  among  the 
silicious  BacUlaria,  e.g.  Dictyocha  (XII.  62,  63)  and  Mesocena  (XII.  71),  the 
individuals  are  represented  as  composed  of  several  segments  imited  together. 
Each  valve  consists  of  a  sihcious  lamina  superposed  on  an  organic  soft 
lining  (or  primordial)  membrane  which  immediately  encloses  the  contents  of 
the  cell.    Niigeli  speaks  of  a  mucilaginous  peUicle  on  the  inside  of  the 
organic  layer  as  a  sort  of  third  timic ;  and  Kiitzing  likewise  discovers  a  thin 
stratum  brought  into  view  when  recent  frustules  are  dried,  and  particularly 
after  heating  them  to  redness,  in  the  shape  of  an  opake  brownish  stain,  or 
of  brown  lines  or  points,  extending  not  unfrequently  over  a  considerable 
portion.     To  this  supposed  independent  material  its  observer  applied  the 
name  '  cement,'  imagining  it  to  be  the  connecting  matter  of  the  valves  and 
of  frustules  when  in  union,  and  attributed  its  brown  colour  to  the  presence 
of  iron.    This  presumed  layer  of  cement  we  can  regard  as  nothing  more  than 
the  stain  produced  by  the  oxidation  of  the' salts  of  iron  in  chemical  union 
with  the  silica,  as  Prof.  Erankland  has  shown  (p.  37).    However,  Meneghini 
adopts  the  notion  of  this  third  envelope  or  cement,  inasmuch  as  he  observes 
it  to  be  constant,  without  employing  the  means  used  by  Kiitzing  to  display 
it   not  merely  in  the  species  enumerated  by  its  discoverer,  but  in  many 
others,  and  possibly  in  all  (B.  S.  1853,  p.  361)  :— "  Eor  to  me  (continues  the 
same  author)  it  appears  to  correspond  with  that  fine  membrane  of  the  AcJi- 
nanthidia,  which,  according  to  Kiitzing's  own  observation,  is  always  visible 
whenever  the  two  new  individuals  (into  which  every  Diatom_  is  resolved  m 
its  multiplication  by  deduplication)  begin  to  separate.    The  lines  and  points 
supposed  to  belong  to  the  subjacent  shield  belong  very  frequently  to  this  kind 
of  covering."    The  analogy  expressed  in  the  quotation  just  given,  between 
the  delicate  stratum— the  'cement'  of  Kiitzing,  and  the  secretion  poui-ed 
out  when  self-division  is  proceeding,  we  cannot  regard  as  correct ;  for  this 
latter  is  a  special  and  usually  not  persistent  coatmg,  in  aU  probability  exuded 
through  the  fissures  or  pores  uncovered  by  the  silicious  lamina,  by  the  sub- 
jacent organic  membrane,  and  is  withal  destroyed  by  the  heat  generally 
required  to  bring  the  '  cement '  into  view,  whereas  the  presumed  coat  is 
represented  to  be  constant  and  also  permanent  both  imder  the  operation  of 
fire  and  of  acids.    However,  the  beKef  in  the  existence  of  a  vegetable  mem- 
brane outside  the  silicious  epiderm  gains  ground ;  for  Mi'.  Shadbolt,  in  his 
presidential  address  before  the  Microscopical  Society,  1858  (T.  M.  S.  1858, 
p.  72),  states  it  as  the  result  of  his  researches,  that  the  frustule  of  Arach- 
noidiscus  and  of  other  forms  consists  of  a  silicioii^  framcivorh,  over  winch  is 
stretched  a  species  of  memhrane,  whether  silicious  or  not  he  docs  not  presume 
to  decide,  but  certainly  pliant  to  a  considerable  extent,  capable  of  being  pai-- 
tiaUy  roUcd  up  by  mechanical  agency  without  brealang,  and  elastic  enough 
to  return  to  its  original  position  when  the  extraneous  force  is  removed. 
"The  structm-e  noticed  by  Mr.  Eoper  in  Cosclnodiscus  hhyrintJms,  and  by 
myself  in  the  more  common  species  0.  radiatus  and  Triceratium  favus,  1 
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bolievo  to  bo  of  precisely  the  sumo  natiu-c,  and  I  am  much  mistaken  if  wo  do 
not  find  it  in  many  otlier  species  of  the  Diatomacoa." 

In  the  accompanying  part  of  the  Joui-nal  {J.  M.  S.  1858,  p.  162),  Prof. 
Walker- Amott  refers  with  approval  to  this  opinion  of  Mr.  Shadbolt,  and 
appends  some  most  important  remarks  beaiing  on  the  presence  or  absence  of 
this  membrane  in  the  determination  of  species.  He  observes  that  "  There 
can  be  no  doubt  that  these  discs  {L  e.  of  Araclmoidiscus)  have  a  homy 
vegetable  outer  covering,  in  addition  to  the  silicious  one,  and  that  by  too 
long  boiling  in  acid,  as  is  necessary  for  guano,  the  marks  are  much  obli- 
terated or  entirely  removed.  This,  however,  is  not  peculiar  to  the  present 
genus,  but  may  be  observed,  more  or  less,  in  all  Diatoms,  although  sometimes 
the  vegetable  pellicle  is  very  thin  and  may  be  removed  by  a  few  seconds' 
immersion  in  boihng  nitric  acid.  It  is  this  cii'cumstance  which  gives  a  quite 
different  appearance  to  the  same  species,  according  as  the  preparation  is 
made.  Thus,  in  Actinocyclus  the  vegetable  epidermis  is  cellular,  while  the 
sihcious  part  is  striated  like  a  Pleurosigma ;  and  when  the  vegetable  part  is 
removed,  we  often  find  nodules  or  knobs  along  the  margin  (forming,  then, 
the  genus  Omphalopelta),  not  previously  visible.  Those  who  describe  Diatoms 
from  sUdes  are  thus  liable  to  commit  great  errors,  and  indeed  no  certainty  can  be 
obtaiaed,  except  by  getting  the  recent  or  growing  Diatom  and  examining  it, 
1st,  after  being  immersed  for  a  short  time  in  cold  acid,  or  simply  washed  in 
boiling  water ;  2ndly,  after  being  boiled  in  acid  for  about  half  a  minute,  or  a 
whole  minute  at  most ;  and  3rdly,  after  being  boiled  for  a  considerable  time : 
we  shall  then  see  that  many  of  the  supposed  distinct  species  of  authors  ai-e 
the  same,  prepared  in  a  different  way.  Of  course,  deposits  or  guanos  can  yield 
little  or  no  information,  although,  when  once  a  species  has  been  determined 
by  the  way  I  have  indicated,  we  may  be  able  to  refer  forms  occiuTing  in 
guano  or  deposits  to  it  with  tolerable  certainty." 

Mr.  Brightwell,  speaking  of  the  lorica  or  silicious  epiderm  of  Triceratium, 
states  that  the  valves  are  resolvable  into  "  several  distinct  layers  of  silex, 
dividing  like  the  thin  divisions  of  talc,  and  frequently  found  of  such  exquisite 
dehcacy  as  to  be  difficult  of  detection"  {J.  M.  S.  i.  248).  The  silicious  lamina 
is  generally  looked  upon  as  a  production  or  secretion  fi-om  the  subjacent 
organic  membrane,  the  true  ceU-wall.  Nageli  {B.  S.  Reports,  1846,  p.  220) 
says,  "  it  lies  outside  the  membrane,  and  must  be  regarded,  from  analogy 
with  all  other  similar  structures,  as  an  extra- cellular  substance  excreted  from 
the  cell ; "  and,  as  Meneghini  (op.  cit.  p.  360)  adds,  "  in  fact,  an  organic  mem- 
brane ought  to  exist,  for  the  silica  could  not  become  solid  except  by  crystal- 
lizing or  depositing  itself  on  some  pre-existing  substance."  Prof.  Smith 
moreover  states  {A.  N.  H.  1851)  that,  apart  from  analogy,  he  has  direct  evi- 
dence of  the  independence  of  the  silicious  coat,  having  in  his  possession 
numerous  specimens  of  a  Stauroneis  (probably  S.  aspera,  Kiitz.),  in  wliich  the 
valves,  after  sUght  maceration  of  the  fmstules  in  acid,  have,  in  part  or  wholly, 
become  detached  from  the  cell-membrane,  leaving  a  scar  on  its  walls  bearing 
the  distinct  impression  of  the  numerous  and  prominent  valvular  markings  of 
this  beautiful  species.  The  same  observer  adds  that  he  has  in  some  cases 
noticed  this  organic  membrane  to  contract  around  the  cell-contents,  upon  the 
death  of  the  ceU.  Again,  the  appUcation  of  hydi-ofluoiic  acid,  proposed  by 
Prof.  Bailey,  to  recent,  and  sometimes  even  to  fossil  shells,  proves  tiic  same 
tact,  by  leaving  a  distinct  internal  flexible  cell-membrane  retaining  the 
general  form,  after  the  dissolution  of  the  siUca  by  the  acid.  Further  support, 
It  needed,  is  furmshed  by  the  phenomena  of  ceU-division,  in  which  the  Uning 
membrane  takes  the  initiative,  and  is  foUowed  by  the  doubling-in  of  the 
-external  coat  upon  it. 
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Nevertheless,  although  a  silicious  layer  be  artificially  separable  from  the 
underlying  organic  coat,  the  relation  and  union  of  the  two  are  indeed 
very  intimate  :  and  in  the  case  of  the  apparently  inorganic  external  lamina, 
the  silex  must  be  presumed  to  be  deposited  in  some  form  of  connective  tissue, 
or,  in  other  words,  to  permeate  it.  This  opinion  is  advocated  by  Meneghini, 
who  adduces  in  its  support  the  circumstance  of  the  silicious  sliield  of  Ach- 
nantJiidia  being  covered  with  "a  very  delicate  dilatable  membrane,  itseK 
containing  silica,  as  is  proved  by  its  sustaining  unchanged  the  action  of  fij-e 
and  acids."  This  author  goes  on  to  suggest  that  "this  permeation  may 
occur  either  in  the  wall  of  a  simple  cell,  as  is  seen  in  the  epidermal  cells  of 
many  plants,  or  -svithin  minute  cells,  as  in  various  plants  and  animals." 

The  surface  of  Diatomaceous  frustules  is  generally  very  beautifully  sculp- 
tured, and  the  markings  assume  the  appearance  of  dots  (puncta),  stripes 
(strife),  ribs  (costte),  pinnules  (pinnae) ;  of  furrows  and  fine  lines ;  of  longi- 
tudinal, transverse  and  radiating  bands ;  of  canals  (canaliculi),  and  of  cells 
or  areola,  whilst  each  and  all  these  varieties  present  striking  modifications 
in  number,  relative  distribution,  and  in  degree  of  development.  Again,  two 
or  more  sorts  of  markings  may  occur  together  in  the  same  individual ;  and 
lastly,  the  entire  frustule  may  be  covered,  or  certain  spots  may  be  left 
unoccupied  by  them,  in  the  form  of  bands,  circular  spaces,  and  the  like. 

The  preceding  account  of  the  coverings  of  a  Diatomaceous  frustule  make  it 
clear  that  the  apparent  superficial  markings,  although  chiefly  due  to  the 
sculpturing  of  the  silicious  epiderm  and  to  its  internal  involutions,  are  still 
in  some  instances  and  in  a  certain  degree  dependent  on  the  overlytag  firm 
vegetable  membrane  which  Mr.  Shadbolt  and  others  have  shown  to  exist. 

But,  apart  from  this,  modem  research  shows  that  puncta,  lines,  costae  and 
other  markings  are  not  the  same  in  nature  in  all  examples  presenting  them  ; 
that  iu  one  case  a  circular  poiat  is  a  depression,  in  another  an  elevation,  and 
in  a  third  a  mere  thickening  or  condensation  of  sUicious  material.  So 
of  lines  or  costffi :  some  are  markings  of  the  surface,  and  either  furrows, 
ridges  or  thickenings,  or  actual  canals,  whilst  others  are  the  result  of  invo- 
lutions or  foldings  of  the  internal  coat  or  incomplete  septa. 

Again,  the  fine  lines  or  striae  of  many  frustules  are  resolvable  mto  rows  of 
minute  dots,  as  in  Navicula  and  Pleurosigona.  When  the  striae  are  more 
distinctly  composed  of  rows  of  dots  or  puncta,  they  are  described  as  monih- 
form ;  examples  occur  in  Oomphonema  and  Podosphenia.        _  _  _ 

Speaking  of  strife,  lines,  and  puncta  generally.  Prof.  Smith  {op.  at.  i. 
p.  xvii)  confesses  his  belief  that  they  are  all "  modifications  in  the  arraugement 
of  the  silex  of  the  valve,  arising  from  the  mode  of  development  peculiar-  in  each 
case  to  the  membrane  with  which  the  sUex  is  combined ;"  and,  refemng  to 
the  areolar  or  cellular-looking  valves  of  Triceratium  and  of  Isthmia  especiaUy, 
and  to  the  recognized  growth  of  organized  beings  by  cells,  he  arrives  at  the 
conviction  that  "  the  valvular  markings  in  every  case  arise  fr-om  modifications 
of  ceUidar  tissue,"  which  forms,  so  to  speak,  the  matrix  of  the  silicious 
epiderm.  "  No  difflcidty  (he  adds)  presents  itself  to  the  supposition  that  the 
moniliform  strife  of  Epitliemia,  Navicula,  and  othera,  the  cii'cular  mai-kings  of 
Coscinodiscus  eccentricus,  and  the  irregular  star-Uko  structure  of  Eiqwdiscius 
Arr/us,  are  aU  modifications  of  ceUular  tissue ;  and  even  m  the  cost^aj  ot  I  in- 
nularia  and  the  unresolvable  striae  of  Eup>odiscus  sculptus  and  others,  it  is 
not  difficult  to  conceive  we  have  confluent  ceUs  whose  union  gives  rise  to  the 
appearance  of  lines  or  bands."  .  .    •   ^i     •  i       i.  f 

Great  difference  has  existed,  and  even  yet  exists,  m  the  mtcrpretation  of 
the  exact  natiire  of  many  superficial  marldngs.  Some  cuxular  dots  or  puncta 
arc  held  by  certain  obsei-vcrs  to  be  pits,  by  others  holes,  and  by  others  to  be 
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elevations.  So  of  stripes,  costoe,  and  pinnules :  to  some,  such  markings  m 
special  instances  ai-e  ridges  ;  to  others,  furrows  or  fissui-es  ;  to  others,  ele- 
vations ;  and  to  others  again,  canals.  The  ardent  microscopical  reseai'ch  of 
tliis  period  is  daily  diminishing  the  number  of  these  enigmas,  and  intro- 
ducing certainty  in  place  of  doubt  and  vague  conjectui-e.  To  Ehrenberg's 
apprehension,  many  puncta  were  real  pores,  and  many  striae  or  costae  real 
fissui-es  ;  the  former  of  these  were  supposed  to  give  exit  to  a  few  or  to  multi- 
tudinous imaginary  'pedal  organs'  for  locomotion,  the  latter  to  serve  for  the 
passage  of  ova,  and  generally  to  bring  the  presumed  internal  animal  organiza- 
tion into  immediate  relation  with  the  external  medium  around  it. 

Perhaps  the  discussion  respecting  the  nature  of  apparent  pores^  has  been 
most  animated  in  the  case  of  the  genera  Navicula  and  Pinnularia,  which 
present  a  large  rounded  spot  at  each  extremity  of  the  frustule  and  a  central 
space  known  as  the  umbilicus,  with  a  tubular  or  canal-like  band  connecting 
them  together  (XII.  15,  21,  46;  XVI.  1).  Trom  the  umbihcus,  Ehrenberg 
believed  a  single  locomotive  organ  to  proceed — an  undivided  sole-Hke  foot, 
similar  to  the  locomotive  organ  of  snails,  whilst  he  represented  the  terminal 
points  to  be  orifices  for  the  purposes  of  nutrition  (IX.  134).  Although 
denying  the  offices  assigned  them  by  the  Berlin  micrographer,  Kiitzing  coin- 
cided with  him  in  the  belief  of  their  being  actual  pores,  and  supposed  that 
they  give  exit  to  a  gelatinous  substance,  such  as  is  actually  found  sur- 
roimdmg  some  Naviculce,  and  becomes  a  prominent  character  in  the  tribe  of 
Diatomese  represented  by  ScMzonema.  Schleiden  (Principles  of  Botany,  by 
LanJcester,  p.  594)  speaks  of  the  longitudinal  band  as  a  cleft,  and  of  the 
median  and  terminal  spots  as  circular  enlargements  or  thickened  spots  of 
sUicious  matter.  He  moreover  appends  an  enlarged  lateral  view  of  a  Pin- 
nularia (XVI.  2,  3,  4,  5),  to  prove  that  the  seeming  central  oiiflce  is  simply 
a  depression.  This  explanation  of  their  nature  coincides  in  the  main  with 
that  given  by  Prof.  Smith,  who  asserts  that  these  markings  are  due  to  a  lon- 
gitudinal band  of  condensed  and  more  solid  silex,  widened  into  small  expan- 
sions at  the  centre  and  extremities,  or  at  the  extremities  only,  and  probably 
designed  to  give  firmness  to  the  valve.  "  That  these  expansions  (he  adds) 
are  not  perforations  in  the  valve,  as  alleged  by  Ehrenberg,  and  acquiesced  in 
by  Kiitzing,  might  be  shown  in  various  ways.  The  internal  contents  of  the 
frustule  never  escape  at  such  points  when  the  fi'ustule  is  subjected  to  pressure, 

but  invariably  at  the  suture  or  the  extremities  nor  does  the  valve  when 

fractured  show  any  disposition  to  break  at  the  expansions  of  the  central  line, 
as  would  necessarily  be  the  case  were  such  points  perforations,  and  not 
nodules.  Moreover,  the  central  band  of  sUex  is  itself  frequently  traversed  by 
a  narrow  line  which  arises  from  the  confluence  of  a  series  of  cells,  wliich 
thus  form  a  minute  tube  ;  but  this  tube  invariably  ends  in  a  rounded  extre- 
mity at  the  central  and  terminal  nodules,  and  does  not  pass  into  an  opening 

or  aperture  in  the  valve  The  bending  down  of  this  tube  and  the 

thickening  downwards  of  the  silex  at  the  nodules  give  the  semblance  of 
depressions  to  the  siuface  of  the  valve  at  such  places.  But  I  am  disposed  to 
think  that  this  is  merely  an  optical  appearance,  and  at  aU  events  assiu-ed 
that  no  perforation  exists  at  such  points,  and  that  the  terms  apphed  to  these 
nodules  by  difl:erent  authors,  iraplyiug  that  they  arc  openings  or  ostiola,  arc 
altogether  madmissible." 

Examples  of  nodules  at  the  centre  and  extremities  arc  found  in  tlic 
genera  ^m;,/i,^,,.oi-«,  Pimmlaria,  Navicula  (XII.  5,  6),  and  Gomphonema  (XII. 

%    V  Stauroneis  the  central  nodido  is  developed  transversely,  so 

as  to  torm  a  smooth  transverse  band  or  "stauros"  free  from  markings 
(All.  7,  8,  18).    A  mcdiiin  longituchual  ridge  or  band  exists  in  Navicula, 
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Stauroneis,  &c.,  wMlst  in  Ampldjileura  (XIII.  1,  2)  two  ridges  are  noticeable, 
but  whether  these  are  of  the  same  natm-e  stracturaUy  is  uncertain.  In 
Dorypfwra,  again,  there  is  a  median  band,  but  no  nodules  distinguishable ;  and 
in  Eunotia  and  Himanticlium  the  terminal  nodules  would  seem  exceptional  ia 
character,  being  due,  as  Prof.  Smith  supposes,  "  to  an  inflection  of  the  valves 
at  the  point  of  junction."  The  rounded  space  in  the  centre  of  the  discoid 
valves  of  Actinocyclus  (XI.  132)  and  Arachnoidiscus  (XV.  18-21^,  which  is 
devoid  of  areola,  is  designated  by  him  a  pseudo-nodule,  in  order,  we  presume, 
to  contrast  a  mere  bare  space  •with  the  like  smooth  but  condensed  and  thick- 
ened spots  described  as  nodules. 

In  this  record  of  opinions,  those  of  Siebold  and  Nageli  {J.  M.  S.  i.  196) 
should  not  be  omitted : — "  Precisely  at  the  spots  (says  the  former  writer)  at 
which  Ehrenberg  and  others  suppose  they  have  seen  six  openings  (i.  e.  three 
on  each  valve)  in  Navicula,  the  silicious  cell-membrane  is  thickened,  and  con- 
sequently forms  so  many  rounded  eminences  which  project  internally."  These 
views  thus  far  tally  with  those  of  Prof.  Smith  and  others ;  however,  a  few 
lines  further  on  in  his  essay,  Siebold  expresses  the  belief  that  the  Unes 
running  along  the  middle  of  the  surfaces  from  one  thickening  to  another 
"  are  to  be  referred  to  a  suture,  fissure,  or  rather  gap,  in  which  no  silicious 
matter  is  deposited,  so  that  in  these  places  the  delicate  primordial  membrane 
which  lines  the  silicious  shield  can  be  brought  into  close  relation  with  the 
external  world.  I  come  to  this  conclusion  from  the  circumstance  that  it  is 
exactly  at  these  four  sutures  or  fissures  that  the  water  surrounding  the 
Navicula  is  set  in  motion."    (See  p.  50.) 

Upon  the  whole  question  of  the  actual  nature  of  the  markings  on  the 
surface  of  the  silicious  frustules,  we  are  happy  to  add  a  paper  published  by 
Prof.  Bailey  {8ill.  Journ.  ii.  349),  which  appears  to  afford  a  satisfactory 
elucidation.  We  present  it  entire,  with  the  practical  notes  on  manipulation, 
so  that  our  readers  may  undertake  a  critical  examination  for  themselves  : — 

"  I  now  offer  proof  which  removes  all  doubt,  and  shows  that  these  mai-kings 
are  neither  apertures  nor  depressions,  but  are  in  reahty  the  thickest  parts  of 
the  sheU.  If  the  shells  are  placed  in  dilute  hydrofluoric  acid  and  watched 
by  the  aid  of  the  microscope  as  they  gradually  dissolve,  the  thinnest  parts  of 
course  dissolve  first,  and  apertures,  if  any  exist,  should  become  enlarged. 
Now  the  very  parts  which  have  been  called  orifices  by  some,  and  depressions 
by  others,  are  the  last  of  aU  to  disappear  as  the  shell  is  dissolved.  Tliis  mode 
of  observation,  besides  establishing  the  fact  that  these  are  the  thickest  parts 
of  the  shell,  reveal  many  interesting  particulars  of  stnicture.  Thus,  in 
the  large  Pinnularia,  it  may  be  seen,  with  even  a  low  power,  that  the  two 
parallel  bands  (separated  by  a  canal)  which  reach  from  the  central  knob  to 
the  terminal  ones,  and  which  appear  smooth  before  the  application  of  acid, 
become  distinctly  striated  after  their  surface  is  dissolved  off,  as  does  also  the 
central  spot  itself,  showing  that  striae  which  existed  in  the  yoimg  shell  ai-e 
covered  up  and  nearly  obliterated  . by  subsequent  deposits.  In  Staurosira  the 
cross-band  and  the  two  longitudinal  bands  axe  the  last  to  dissolve,  and  these 
last  bands,  as  in  most  Diatomacea,  appear  separated  by  what  is  either  a  canal 
or  thin  portions  of  the  shell.  In  Grammatojihoj-a  the  imdulating  lines  ai-e 
intemal  plates,  which  are  the  last  to  dissolve.  In  HeUojyelta,  Actinoptychus, 
&c.,  the  polygonal  central  spot  is  the  last  to  disappear.  In  Isthmia,  the  spots 
on  the  surface,  which  at  fii-st  appear  like  granular  projections,  are  in  reality 
thin  portions  of  the  shell,  and  under  the  action  of  the  acid  they  soon  become 
holes.  The  acid  also  proves  that  the  larger  spots  at  the  transverse  bands  are 
a  series  of  large  arcuate  holes  in  tlic  silicious  shell,  and  the  piers  of  this 
series  of  arches  remain  some  time  after  the  rest  of  the  shell  has  vanished. 
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A  few  directions  on  the  mode  of  manipulation  may  be  useful.  As  the  fumes 
of  the  hydrofluoric  acid,  if  they  reach  the  lenses,  would  greatly  injure  them, 
it  is  advisable  to  protect  the  fi'ont  face  of  the  objectives  by  temporarily  con- 
nectrag  to  them  a  thin  plate  of  mica  by  Canada  balsam,  as  mica  resists  the 
action  of  hydrofluoric  acid  much  better  than  glass.  I  prepare  the  cell  in 
which  the  solution  is  to  take  place  by  cementing  a  plate  of  mica  to  a  glass 
slide,  and  then  cover  all  its  surface,  except  a  central  small  disc,  with  wax. 
On  this  disc,  which  forms  a  cell,  the  shells  are  put  with  a  dish  of  water,  and 
after  adding  a  di'op  or  two  of  acid  by  means  of  a  dropping-rod  of  silver  or 
platinum,  the  cell  is  covered  with  another  plate  of  mica,  and  the  slide  is  then 
placed  under  the  microscope." 

Some  markings  of  the  surface,  apparent  only  as  striae  under  inferior  magni- 
fyiag  powers,  are  ia  several  genera  resolvable,  as  before  noticed  (p.  40),  into 
rows  of  roimded  dots,  e.  g.  in  Pleurosigma ;  and  in  consequence  such  specimens 
have  been  employed  to  try  the  relative  powers  of  microscopes,  and  are  spoken 
of  as  '  test  objects.'  But  the  powers  of  microscopes  have  been  more  severely 
tested  of  late  years,  by  the  endeavour  to  ascertain  whether  such  dots  are  eleva- 
tions or  depressions  of  the  surface,  and,  as  might  be  expected,  the  dissension 
on  this  matter  has  equalled  that  respecting  the  central  band  and  umbilicus. 

Dr.  J.  "W.  Griffith  is  ia  favoiu'  of  their  being  depressions  (Proc.  Boy.  Soe. 
1855).  He  argues  that,  as  the  markings  "  are  evidently  depressions  in  the 
genera  and  species  with  coarsely  marked  valves  (Isthmia,  «&c.),  we  should 
expect  from  analogy  that  the  same  would  apply  to  those  with  finer  markings 
(those  viz.  in  dispute,  Gyrosigma,  Pleurosigma,  and  others).  And  this  view 
receives  further  support  from  the  fact  that  under  varied  methods  of  iLLumina- 
tion  corresponding  appearances  are  presented  by  the  markings  when  viewed 
by  the  microscope — from  those  which  are  very  large,  as  in  Isthmia,  through 
those  of  moderate  and  small  size,  as  in  the  species  of  CoscinoclisQus,  down  to 
those  in  which  they  are  extremely  minute,  for  instance  in  Gh/rosigma, 
&c.  The  angular  (triangular  or  quadrangular)  appearance  assumed  by  the 
markings  arises  from  the  light  transmitted  through  the  valves  being  un- 
equally oblique;  this  may  be  readily  shown  in  the  more  coarsely  marked 
valves  {Isthmia,  Coscinodiscus),  which  present  the  true  structural  appearance 
when  the  Ught  is  reflected  by  the  mirror  in  its  ordinary  position,  and  the 
spurious  angular  appearance  when  the  light  is  rendered  obhque  by  moving 
the  mirror  to  one  side."  Another  statement  is  put  forward  by  the  same 
author  in  the  Micrographic  Dictionary  (Introduction,  p.  xxxiii)  in  support 
of  his  opinion,  viz.  "  that  the  line  of  fracture  of  the  broken  valves  passes 
through  the  rows  of  dots  on  the  dark  lines  corresponding  to  them,  showing 
that  they  are  thinner  and  weaker  than  the  rest  of  the  substance.  Had  these  dots 
represented  elevations,  the  valves  would  have  been  stronger  at  these  points  " 

The  more  prevalent  opinion,  however,  is,  that  these  delicate  dots  in  rows 
are  elevations  of  the  suiface.  Mr.  G.  Hunt  {J.  M.  8.  1855,  pp.  174-175) 
adduces  an  observation  to  demonstrate  this  fact.  He  found  that  on  a  speci- 
men of  Pleurosigma  being  moistened,  the  markings  were  almost  entirely 
obscured,  but  that  on  the  application  of  a  gentle  heat  "  the  moisture  slowly 
retreated,  leaving  patches  of  the  shell  dry,  and  with  the  marldngs  as  dis- 
tinct as  before."  On  observing  these  dry  parts  of  the  shell,  they  were  seen  to 
be  uniformly  bounded  hy  straight  lines,  pamZZeUo  the  two  directions  of  least 
distance  of  the  dots.  "  Now  (continues  Mr.  Hunt),  on  the  supposition  of 
these  little  dots  being  elevations,  the  phenomenon  appears  to  me  easily  ex- 
plicable on  the  principle  of  capillary  attraction.  We  can  rcachly  conceive 
the  moistm-e  clinging  from  one  dot  to  another;  and  it  would  always  have  a 
tendency  to  arrange  itself  in  lines  parallel  to  the  directions  of  least  distance. 
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I  am,  however,  quite  at  a  loss  to  imagine  how  the  same  principle  would  apply 
on  the  hypothesis  that  the  dots  are  dej)ressions,  nor  do  I  see  upon  what 
j)rinciple  the  phenomenon  is  explicable." 

A  direct  demonstration  that  the  markings  in  general  of  the  Diatomeaj  are 
elevations  is  attempted  by  Mr.  Wenham,  whose  knowledge  of  optics  and  prac- 
tical skill  in  mechanical  manipulation  are  not  exceeded  by  any  microscopist 
of  the  present  day  {J.  M.  S.  1855,  pp.  244-245).  To  quote  his  words— "A 
careful  study  of  the  coarser  varieties  wiU  distinctly  prove  that  the  markings 
are  raised  ribs  or  prominences  on  the  surfaces,  in  some  instances  on  one  side 
of  the  shell  only,  as  seen  in  the  Oampylodiscus  spiralis  and  others.  Though 
the  microscope  proves  this  fact  satisfactorily  in  the  large  species,  it  fails  to  do  so 
in  the  most  diihcult  specimens,  chiefly  on  account  of  the  above-named  deceptive 
appearances,  arising  from  the  irregular  refraction  and  reflection  of  hght.  It 
occurred  to  me  that  it  might  be  possible  to  obtain  a  perfect  cast  or  impression 
of  the  structure ;  and  by  viewing  this  as  an  opake  object,  the  error,  if  arising 
from  refraction,  would  be  avoided,  and  a  discovery  might  be  the  reward  of  the 
experiment.  I  have  succeeded  in  effecting  this  by  means  of  the  electrotype 
process,  which  for  many  reasons  is  to  be  preferred,  as  it  does  not  distort  the 
object,  and  is  so  minutely  faithful  that  even  the  mere  trace  of  organic  matter, 
left  by  a  shght  finger-mark,  is  perfectly  copied.  The  method  I  have  adopted 
is  this  : — Procure  a  small  plate  of  metal  highly  polished  (a  piece  of  dag-uen-eo- 
type  plate  answers  extremely  weU),  and,  after  gently  heating  it,  rub  a  piece 
of  bees-wax  over  the  surface ;  while  this  is  still  melted  wipe  it  nearly  aU  off 
again  with  a  piece  of  rag,  so  as  to  allow  a  very  thin  fihn  to  remain ;  when 
the  plate  is  cold,  arrange  the  Diatomacea  or  other  objects,  previously  moist- 
ened, upon  the  waxed  smface,  heat  the  plate  again  to  at  least  212°,  in  order 
to  cement  the  objects  on  it.  The  wax  serves  a  twofold  purpose :  first,  its 
interposition,  prevents  the  possibility  of  a  chemical  union  of  the  metallic 
deposit  with  the  plate ;  and  secondly,  the  object  is  securely  held  thereto  by 
its  agency.  The  objects  are  now  ready  to  receive  a  coating  of  copper.  If 
the  battery  is  in  good  working  order,  three  or  four  houi'S  wiU  give  a  film 
sufiiciently  strong  to  bear  ,  removal ;  when  this  is  stripped  off,  if  the  process 
has  been  properly  managed,  the  objects  will  be  seen  imbedded  in  its  surface  ; 
whether  they  are  silicious  or  organic,  they  may  be  entirely  dissolved  out  by 
boiling  the  cast  in  a  test  tube  with  a  strong  solution  of  caustic  potash,  and 
afterwards  washing  with  distilled  water ;  the  copper  film  may  then  be  mounted 
in  Canada  balsam.  By  these  means  I  have  obtained  distinct  impressions  of 
the  marldngs  of  some  of  the  more  difficult  Diatomacea,  such  as  N.  (Pleuro- 
sigma)  Balticum,  P.  Hippocampus,  &c.,  leaving  no  doubt  of  their  prominent 
nature."    (See  Microscopic  Cabinet,  ed.  1832,  chap.  xvi.  and  xviii.) 

Besides  the  superficial  markings  explicable  on  the  supposition  of  an  invest- 
ing areolar  membrane,  and  the  sculptui-ing  of  the  sihcious  epiderm,  there 
are  others,  dependent  on  structural  modifications  of  the  silicious  laminas  of 
the  valves,  and  on  inflections  of  these  internally.  Among  the  former  are 
many  of  the  stronger-marked  costae  and  pinnules  of  Ehi'enberg ;  and  among 
the  latter  are  to  be  reckoned  the  imperfect  partitions  ('septa')  seen  in 
several  genera,  and  those  peculiar  processes  of  the  internal  siu-face  which 
Kiitzing  called  '  vittce.'  Schleiden  described  '  pimaules '  to  be  clefts  or  fissm-es. 
"  In  these  spots  (says  he),  the  shield  consists  of  two  leaves  lying  one  over  the 
other;  these  leaves  are  penetrated  by  the  small  clefts,  which,  when  both 
the  lameUse  touch  each  other,  are  somewhat  broader,  wloich  explains  the 
varying  breadth  of  the  clefts  according  to  the  alteration  of  the  foci.  Frag- 
ments in  which  tliis  structure  is  clearly  represented  may  be  frcqucntiy  obtained 
by  crashing  the  shield."  (XVI.  6,  6.) 
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Prof.  Smith  likewise  describes  inter-lamellar  channels,  under  the  name  of 
'  canaliculi,'  "  holloM^ed  out  between  the  silicious  cpiderm  and  internal  ceU- 
membrane,  and  apparently  formed  by  waved  flexures  of  the  epidermal  enve- 
lope They  are  very  conspicuous  in  Epithemia  longicornis,  and  form 

distinctive  chai-acters  in  the  genera  Surirella  and  Gampylodiscus.'"  This 
observer  also  regards  them  "  as  minute  canals  which  convey  the  nutri- 
mental  fluid  to  the  surface  of  the  internal  membrane,"  this  fluid  entering 
them  from  without  through  pores  or  fissures  existing  along  the  line  of  sutui-e 
of  the  valves  (p.  50).  That  these  canals  are  not  modifications  of  the  cellular 
structure  of  the  sUicious  epiderm  is  shown  by  the  circumstance  of  the  striae 
passing  uninterruptedly  over  the  entire  surface  of  the  valves  in  some  Epithemice. 

The  costfe  of  Gampylodiscus  equally  appear  to  be  canahculi,  and  are  dis- 
posed in  a  radiate  manner.  In  Surirella  and  Tryblionella  these  canals  are 
usually  pai-allel,  whilst  in  Mastogloia  they  take  the  form  of  loculi, 

Kiitzing  assigned  a  special  stmcture  and  purpose  to  the  markings  he 
called  *  vittcB,'  and  used  them  in  forming  a  subsection  of  Diatomeae  he  called 
Vittatce.  The  Eev.  Prof.  Smith  remarks  that  to  him  these  markings  do  not 
seem  special  organs,  but  modifications  in  the  outline  of  the  valve,  which  is 
inflected.  In  Orammatophora  (XI.  48,  49,  52,  53)  these  inflections  con- 
stitute a  leading  featui'e  of  the  genus,  and,  from  their  resemblance  to  written 
characters,  have  suggested  its  name.  In  this  instance  they  form  incomplete 
septa. 

The  terms  striae  and  costae  or  pinnules  are  not  synonymous.  Stri«  are 
the  finer  lines  of  slight  breadth,  which  may  look  Like  narrow  grooves  or 
ridges,  whilst  costae  or  pinnules  are  the  wider  markings,  having  an  evident 
double  contour,  and  the  appearance  of  fissures  or  canals.  The  fineness  of 
some  striae  is  such  that,  as  before  noted,  they  may  be  readily  overlooked ; 
however,  their  presence,  when  not  positively  demonstrable,  may  be  assumed 
by  the  colours  displayed  on  focusing  dried  specimens.  An  analogous  fact 
presents  itself  in  the  case  of  mother-of-pearl,  which  owes  its  vaiying  and 
beautiful  colours  to  the  existence  of  fine  lines  covering  its  sui'face.  The 
colour  varies  in  different  species,  and  is  due  to  the  refi-action  of  the  rays  of 
light  passing  through  the  silicious  epiderm  ;  its  shades  depend  on  the  dii-ection 
of  the  striae  and  on  their  distance  from  each  other ;  its  aid  may  therefore  be 
advantageously  evoked  in  the  determination  of  species. 

Striae  generally  seem  to  be  produced  by  the  confluence  of  minute  rounded 
points  or  beads — in  other  words,  are  commonly  momliform,  and  often  extend, 
as  products  of  an  investing  areolar  tissue,  over  the  entire  surface  of  the  valves', 
unlike  those  costte  which  originate  in  stnictiiral  peculiarities  of  the  silicious 
plates.  Eows  of  puncta  occur  in  Nitzschia,  and  moniliform  stiije  in  Navimla 
Pleurosicjma,  Gomphonema,  and  Podosphenia.  To  the  confluence  of  tlic 
superficial  ceUs,  Mr.  Smith  attributes  the  production  of  the  costfe  of  Pimiu- 
larm,  whilst  those  of  AcJmanthes  he  looks  upon  as  thickenings  on  the  under 
surixico  of  the  siUcious  valves,  and  generally  similar  to  those  of  Isihmia,  which 
line  the  valves  and  anastomose  on  their  imder  sm-face ;  lastly,  the  strife  of 
Uhabdonema  are  constituted  of  series  of  oblong  cells. 

_  The  value  of  the  external  marldngs  of  Diatomere,'  in  a  systematic  point  of 
view  has  been  much  discussed.  Ehrenberg  assumed  the  number  of  strife 
nLnlr  f  °  P'^?°«  he  constant  in  the  same  space  in  each  species,  and 
accordingly  gives  the  number  of  striae  counted  within  a  given  fraction  of  a 
S'ncc  fK^''''  miiltitude  of  species  was  the  consequence  of  this  plan ;  never- 
tnelcss  the  mere  fact  of  number  of  stria)  mtliin  a  given  space  cannot  be  esteemed 
a  valid  specific  character  by  itself;  for  it  seems  quite  clear  tliat  the  relative 
closeness  of  stna),  thcu-  number  ^ntliin  the  -001  of  an  inch,  varies  according 
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to  the  age  and  to  the  size  of  tho  valves,  and  both  size  and  figure  are  consi- 
derably affected  by  circumstances  of  groAvth,  of  locality,  and  the  like.  A 
writer  in  the  Microscopical  Journal  (1855,  p.  307)  suggests  that  the  number 
of  strife  on  the  entire  valve  may  supply  a  more  stable  character ;  yet  even 
on  this  point  we  ai-e  wanting  m  direct  observation  to  show  that  this  number 
may  not  be  affected  by  accidental  circumstances. 

Although  "  the  relative  distance  of  the  strice  and  their  greater  or  less  dis- 
tinctness "  be  accounted  by  Prof.  Smith  of  specific  importance,  yet  he  is 
obliged  to  admit  (</.  M.  8.  1853,  p.  133)  that  it  is  by  no  means  certaiu  that 
these  features  may  not  to  a  shght  extent  be  modified  by  localities  and  age, 
and  is  disposed  to  believe  that  they  are  certain  guides  only  when  we  have 
made  allowance  for  these  conditions,  and  that  while  they  are  constant  in 
frustules  originally  from  the  same  embryo,  they  may  slightly  vary  in  those 
which  owe  their  birth  to  different  embryonic  cells.  It  is  also  worthy  of 
note  that,  in  certain  instances,  e.  g.  in  Oclontidiwm  Jiyemalis,  Epithemia  Arcus, 
&c.,  the  costae  are  frequently  more  numerous  on  one  valve  than  on  the  other. 

Other  illustrations  of  the  variation  in  the  number  and  in  the  distiuctness 
of  striiB  in  the  same  species  are  to  be  found  in  the  late  lamented  Dr.  Gregoiy's 
valuable  papers  (2^.  M.  S.  1855,  p.  10).  The  relative  position  of  striae — ^if 
parallel  or  radiate,  their  moniliform  or  confluent  character,  their  equal  and 
general  diffusion  over  the  entire  surface,  or  their  absence  at  parts,  are  other 
circumstances  available  for  the  piurposes  of  classification. 

Besides  striation,  the  other  descriptions  of  superficial  markings  are  resorted 
to  for  specific  and  generic  characters.  Such  are  the  presence  or  absence  of 
a  median  band,  with  central  and  terminal  nodules,  the  existence  of  a  trans- 
verse band,  the  figure,  relative  position  and  aggregation  of  the  ai-eolae  or  cells 
of  the  surface.  The  median  and  transverse  bands  have  been  employed  by 
all  systematists,  and  would  seem  well  suited  to  furnish  characteristics  by  their 
constancy.  The  same  may  be  said  of  the  pore-like  spots  or  nodules.  Kiitzing 
went  so  far  as  to  make  the  presence  or  absence  of  a  central  nodule  or  um- 
bihcus  the  tiu-ning-point  in  his  grand  division  of  the  Diatomese  into  um- 
bihcated  and  non-umbilicated. 

Lastly,  speaking  generally,  the  precaution  intimated  by  Prof.  "Walker- Amott 
(p. 39),  of  having  specimens,  intended  to  be  compared  together  for  the  determi- 
nation of  specific  forms,  similarly  prepared,  must  ever  be  borne  in  mind  where 
the  superficial  markings  are  referred  to  for  characters;  othei-wise  an  excessive 
and  erroneous  multiplication  of  species,  and  a  deplorable  confusion  will  result. 

"We  have  already  seen  that  the  connecting  membrane  is  not  an  essential 
segment  of  a  Diatomaceous  fnistule,  but  an  after- development  in  connexion 
with  the  process  of  self- division ;  yet,  notwithstanding,  it  is  so  frequently 
present,  and  in  many  examples  its  dimensions  and  characters  are  so  marked, 
that  it  supplies  an  important  element  in  specific  and  generic  descriptions. 

In  the  circular  and  discoid  Diatomece,  it  assumes  the  form  of  a  continuous 
ring  (XI.  40,  42),  but  in  many  oblong  and  navicular  fi-ustules  _it_  is  itself 
oblong  or  navicular,  having  a  figure  the  reverse  of  the  valves  it  is  placed 
between  (XII.  17,  24,  31 ;  XIII.  5,  6,  7).  In  these  latter  and  in  other 
instances  it  is  frequently  separable  into  two  portions,  at  the  opposite  extre- 
mities of  the  frustules  where  the  sHex  is  absent ;  and  hence  it  is  that  the 
shells  of  the  Diatomeaj  have  been  described  by  Meneghini  and  other  wiiters 
as  composed  of  fom-  segments. 

In  general,  the  proportion  of  silcx  in  its  constitution  is  less  than  that  m 
the  valves;  and  the  existence  of  markings— of  areolae,  striae,  and  the  hke— 
is  also  much  rarer.  Where  they  do  occur,  they  furnish  useful  pai'ticulars 
in  defining  species  and  genera.    Tho  small  development  of  the  connecting 
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membrane  in  Plenrosigma  is  a  remarkable  featiu'C  of  that  genus,  whilst  in 
Gomj^>honcma  (XII.  28,  53),  and  other  genera  mth  cuneate  (wedge-shaped) 
frustiiles,  the  figure  is  due  to  the  greater  development  of  this  segment  at  one 
end  than  at  the  other.  In  AmpMprora  (XIII.  5,  6),  AchnantJies,  Himanti- 
dium  (XII.  50,  52),  and  Melosira,  the  connecting  membrane  is  striated,  and 
in  Bidchilphia  (II.  48),  Isthmia  (X.  183),  and  Amphitetras  (XI.  21,  22)  is 
cellulate  or  ai-eolate. 

Li  certain  genera  the  connecting  membrane  takes  on  an  extraordinary 
development,  which  greatly  modifies  the  figure  of  the  fnistules.  Instead  of 
being  limited  to  the  interspace  between  the  opposed  valves,  it  extends  on 
either  side  beyond  the  sutures  (XII.  9),  presents  itself  as  a  band  of  greater 
or  less  width,  and  acquires  an  unusual  persistence.  Under  this  form  it  con- 
stitutes the  '  cingulum '  of  descriptive  writers,  and  is  seen  in  AnipJiitetras, 
Biddidplda,  Podosira,  and  Melosira.  In  the  last  two  genera.  Prof.  Smith 
tells  us,  the  persistence  of  this  circular  band  is  "  eminently  conspicuous, 
retaining  the  frustules  after  self- division  in  a  geminate  union  until  the  self- 
dividing  process  is  renewed." 

Contents  or  Frttsttjles. — Nucleus,  supposed  Digestive  Sacs,  Reproductive 
Vesicles,  6fc. — The  organic  membrane  of  the  frustules  of  Diatomese,  strength- 
ened externally  by  the  sihcious  plates,  encloses  within  its  cell-like  cavity  a 
soft  mucilaginous  substance  filled  with  numerous  granules  and  globules,  and 
usually  of  a  yellow-brown  or  orange-brown  colour,  but  at  times  of  a 
green  hue,  and  technically  known  as  the  '  endochrome,^  or  in  Kiitzing's 
phraseology,  the  '  gonimic  substance.'  The  graniilar  matter  is  particu- 
larly aggregated  about  the  organic  wall,  leaving  the  central  portion  more 
clear.  In  this  clear  central  space  is  a  transparent  vesicle,  representing  the 
nucleus  of  the  cell,  having  the  granules  frequently  collected  around  it  in  an 
annular  form.  Nageli  states  that  the  nucleus,  enclosing  a  nucleolus,  lies 
sometimes  free  in  the  centre  of  the  frustular  cavity,  but  at  other  times  is 
affixed  at  one  spot  to  the  wall,  and  therefore  '  parietal.'  He  also  describes 
two  sorts  of  nuclei,  viz.  primary  and  secondary,  attributing  to  the  former  the 
active  part.  Schleiden  represents  the  nucleus  to  be  primarily  concerned  in 
the  original  formation  of  the  ceE,  as  well  as  in  its  subsequent  multiplication 
by  self-division. 

Among  other  elements  of  the  endoehi-ome  are  more  or  fewer  rather 
translucent  globules,  which  Prof.  Smith  beUeves,  Like  Kiitzing,  to  be  secre- 
tions of  the  ceU,  of  a  fatty  or  oily  composition,  and  to  be  the  source  of  the 
peculiar  odoiu-  emitted  on  burning  the  Diatomefe.  In  support  of  this 
view  Kiitzing  states  that  he  has  occasionaUy  seen  two  coalesce,  provino-  the 
absence  of  proper  walls,  and  expresses  his  conviction  that  these  coi-puscles 
areakm  to  the  amylaceous  secretions  of  the  Desmidieac  and  Confei-v^  and  the 
starch-granules  of  the  higher  vegetables. 

These  globvdes  are  smaUer  than  the  nuclear  space,  and  occupy  a  pretty 
constant  and  definite  position.    "  The  number  of  these  globules  is  LqLnZ 

e^rfZ£''    T''        ^'f'-^^^.^ti^^'      ^ore  rarely'clustered  round  the 
ecntial  -vesicle.     Meneghim  {op.  cU.  2i.  S.  p.  364),  alluding  to  these  vesicles 
states  them  to  vary  m  number,  size,  and  disposition  at  different  sta^and 
accordmg  to  various  conditions,  even  under  the  eye  of  the  observer.^ 
or  te?e?whTf +f  were  caUed  by  Ehrenberg  male  sexual  glands 

Itter  offon  nl  distributed  within  the  mucUa^inous 

Wl  esnoohllv  ""^'^'"'c'  ^^''^  ^''^"^^'1  The  latter  idea  he 

into  he  ^  Z?J.  f  .\'T''/f  ^^P^^nie^t^  to  introduce  colouring  matter 
snecies  menZ.1  ^'-''I^'^'     '"'^"^'^      ^<^li«^«^       succeeded.  Tlie 

species  mentioned  are  Ifamcula  gracilis,  N.  AmpMshcena,  N.  viridula,  lY.fnlva, 
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iV.  NitzscUi,  N.  lanceolata,  and  N.  caintata ;  also  Oom]}honema  trumatum, 
Gocconema  cistula,  Arthrodesmus  quadricaudatus,  and'  Closterium  acerosum. 
The  two  last,  however,  are  Desmidieae.  In  the  seven  species  of  Navicula 
enumerated,  from  4  to  20  little  stomach-sacs  are  said  to  have  become  filled 
■with  the  iadigo  employed  as  the  colouring  matter. 

"  This  effect  (as  Meneghini  remarks)  could  only  be  produced  by  keeping  the 
Diatomeee  a  long  time  in  water  laden  with  particles  of  indigo,  and  often  re- 
newed."   Kiitzing  deduced  an  opposite  conclusion  from  these  experiments, 
viz.  that  they  were  solid  corpuscles  which,  being  seated  near  an  opening, 
exerted  an  especial  attraction  upon  the  colouring  matter.    Meyen  argued 
so  long  since  as  1839  (Jahresbericht  d.  Akad.  Berlin),  against  the  supposed 
stomach-sacs  and  the  entrance  of  colouring  matter  within  them.  His 
obiections  are  thus  expressed  :— "  On  the  one  hand,  I  can  see  no  stomach-sacs 
in  the  NavicidcB,  and  never  obsei-ved  in  the  Uving  and  moving  Bacillana  the 
colouring  matter  received  at  one  extremity  and  carried  towards  the  centre, 
where  these  stomach-sacs  should  Ue,  whilst  among  the  ciHated  Infusona 
such  observations  are  easy  ;  on  the  other  hand,  it  is  not  uncommon,  especially 
in  the  larger  species,  to  see  the  molecules  of  the  colouiing  matter  employed, 
Lie  upon  the  middle  of  the  broad  ventral  surface,  lookmg  as  if  actuaUy  withm 
the  organism;  but  if  a  glass  plate  be  placed  upon  the  specimen  and  then 
carefully  removed,  the  particles  of  colouring  matter  are  taken  away  with  it.  . 
Even  Ehrenberg  admitted  that  the  presumed  stomach-sacs  varied  in  number, 
were  quite  irregular  in  their  disposition  in  the  interior,  and  not  unfrequentiy 
wanting  altogether.    This  last  circumstance,  Kiitzing  remarks,  is  opposed  to 
the  behef  in  their  digestive  functions,  since  such  important  organs  as  stomachs 
can  never  be  supposed  absent.  ,      •  ii. 

Although  the  existence  of  this  fanciful  polygastnc  apparatus  in  the 
Diatomeee  is  scarcely  worth  controverting,  yet  we  may  add  to  the  above 
obiections  to  it  the  fact  that,  in  the  hands  of  other  expemnenters,  the 
attempt  to  introduce  colouring  matter  by  any  definite  apertui-es  into  the 
frastules  of  this  fanuly  has  been  unsuccessful.  f  ,„ 

The  arrangement  of  the  mucilaginous  endochi-ome,  or  rather  of  its  pio- 
minent  globules,  vesicles,  and  granules,  is  sufaciently  definite  and  constaat 
in  the  same  species  to  afford  useful  characteristics.  At  one  time  these 
molecules  are  diffused  rather  irregularly;  at  another  they  are  conectedin  a 
rounded  heap  towards  the  centre,  whilst  at  another  they  ai-e  disposed  in 
Hues  radiating  from  the  nucleus,  or  formed  in  a  layer  upon  f «  ^en^aU,— 
"at  all  times"  (adds  Prof.  Smith)  "having  one  or  several  oily  globules 
which  occupy  in  different  species  different  positions  but  are  constant  m 
lumber  and  position  in  the  same  species.  The  minute  granules  "  (he  con- 
Wes  i  p.  20)  "  are  generally  accumulated  in  thin  layers  towards  the  internal 
Sl-waUs^  when  the  fi-ustule  is  so  turned  that  this  layer  of  endochi-ome  is 
presented  edgeways  to  the  eye,  the  granules  appear  to  be  chiefly  aggregated 
Fnto  two  pMes  appHed  to  the  opposite  sides  of  the  frustule  ;  and  when  s^^^^ 
division  is  in  progress  and  the  ceU-contcnts  are  divided  mto  two  portions 
S  a  s  paration%r  temporary  aggregation  must  -^^-^^J  «  ^^^Jj^ 
Se  simplest  condition  of  the  fi-ustule  the  contents  are  diffused  over  the  entire 
surface  of  the  ceU-waUs,  precisely  as  may  be  seen  in  the  ceUs  of  many  of  the 
la^er  Alg^!  or  of  some  water-plants  of  a  higher  order,  as  in  the  leaves  of 

""'SZ^^^^^^^-  'T'  ^  definite  peculiar 

Oil^lt^  S^the  ^^^^^^^ 
iSelSJotof"^^^^ 
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clear  vesicle,  from  which  thin,  finely  granular  lines  or  threads  extend  and 
intersect  and  branch  ia  a  reticulate  manner,  with  a  more  or  less  distinct 
radiation,  the  more  fluid  contents  flowing  between  them.  In  the  long  cyUn- 
diical  frastules  of  Bhizosolenia,  on  the  contrary,  these  granular  mucilaginous 
threads  run  longitudinally.  Within  these  threads  the  colouring,  yellowish- 
brown  corpuscles,  not  circular,  but,  as  Schultze  says,  irregularly  multangular, 
are  disposed  and  retained  in  their  position.  Although  these  researches  extend 
to  so  few  forms,  yet  we  ai'e  disposed  to  believe  that  this  disposition  of  the 
elements  of  the  endochrome  will  be  found  to  be  the  rule.  A  regular  arrange- 
ment is  figured  in  many  drawings  of  the  Diatomese  by  various  observers ; 
and  where  it  does  not  appear  it  is  most  probably  due  to  the  want  of  attention 
to  its  presence, — or  to  the  excessive  multiplication  of  the  colouring  corpuscles, 
causing  them  to  appear  spread  beneath  the  envelopes  as  a  pretty  uniform 
layer.  A  definite  disposition  of  the  chlorophyll-granules  is  common  in  plants, 
particularly  among  the  lower  Algas,  and  owes  its  constancy  to  the  presence 
of  the  mucous  and  less  fluid  contents,  which  are  condensed  from  the  sur- 
rounding fluid  in  the  form  of  filmy  threads,  and  serve  as  a  nidus  to  the  colour- 
ing particles.  In  this  disposition,  therefore,  of  the  endochrome  and  its  cor- 
puscles we  perceive  a  vegetable  character,  as  contrasted  with  what  is  seen  in 
animal  cells,  and  find  in  it  an  additional  argument  for  the  vegetable  nature 
of  the  Diatomese. 

Notwithstanding  that  the  endochrome  is,  by  pretty  general  consent,  ho- 
mologous with  that  of  recognized  vegetable  Algae,  still  it  would  seem  to  be 
of  a  different  chemical  composition  as  well  as  of  another  colour.  Kiitzing, 
indeed,  insisted  on  the  fact  of  the  similarity  of  the  endochi-ome  to  the 
gonimic  substance  of  Algae,  from  the  circumstance  that,  by  means  of  alcohol, 
he  was  able  to  extract  a  colouring  matter  similar  to  chlorophyll ;  yet  Raben- 
horst  and  others  have  remarked  a  difference  in  chemical  nature.  Prof.  Smith 
again,  whilst  admitting  the  imperfection  of  our  knowledge  on  this  point, 
goes  on  to  say  that  "  the  tincture  of  iodine  causes  the  internal  membrane  to 
contract  upon  the  ceU-contents,  and  converts  these  from  the  golden  yellow 
which  they  exhibit  in  some  species,  into  bright  green,  and  that  a  weak 
solution  of  sulphuric  acid,  while  it  elfects  the  same  contraction  in  the  cell- 
wall,  gives  to  the  contents,  which  have  been  previously  treated  with  iodine, 
a  dark-brown  hue :  alcohol,  on  the  other  hand,  as  in  the  case  of  vegetable 
cells  m  general,  dissolves  the  utricle  and  its  contained  endochrome,  or  at  aU 
events  entirely  removes  their  colour,  and  leaves  their  silicious  epiderm  in  a 
state  of  perfect  transparency.  It  does  not,  however,  dissolve  the  envelope  in 
which  the  fnistules  of  the  frondose  forms  are  imbedded,  nor  the  filamentous 
stipes  or  gelatinous  cushions  to  which  other  species  are  attached  " 

Meneghmi  (op.  at.  R.  S.  p.  365)  contends  that  the  identity  in  natiu-e  of 
the  endochrome  of  Diatomese  and  of  Algae  is  not  proved.  "  Its  colour  is  dif- 
terent ;  and  it  is  differently  coloured  by  chemical  reagents.  The  resemblance 
to  It  m  some  instances,  as  in  Melosira,  in  regard  to  conformation  and  suc- 
cessive alterations  IS  only  in  appearance.  In  the  endochi-ome  of  AlgaB  the 
wSrn-  by  presenting  a  granular  appearance ;  then  it 

L  Znf^     f  ^^ifT^'^t^^'^  the  polyginimic  substance, 

the3n,  r  ^  Tf^"^  by  Kutzing.  But  these  changes  do  not  occur  in 
onlv  PoZn    >  If  we  insist  on  a  paraUcl,  we  can 

<S3  1  ^,  ,'''^t''Sonimic  substance  of  Byssoidia.  CallitJiamnia. 
tfnj/it/ma,  and  Polysiphonia. 

undergo  ulterior  division ;  and 


<?W^/a2      1  ,'''^*''Sonimic  substance  of  Byssoidia,  Callithamnia, 

uTiriTlT^  ^o^'i^^oma.  It  divides  into  two  parts  which  successively 
Zt  Zr^l  ™°/.?"^  ^  "^g*^^^  to  these  changes  we  may  obseiwe 
ihTJZi  T^'^f  distinction  between  those  that  occur  duiing  Ufe  and 
those  that  take  place  after  death,  the  greater  number  happening  in  tlic  latter 
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condition  The  identity  of  this  substance  with  endochrome  is  contradicted 

by  Kiitzing's  own  experiments,  which  prove  it  to  be  very  rich  in 

nitrogen :  it  emits  ammonia  copiously  when  decomposed  by  heat ;  and  this 
can  only  proceed  from  a  substance  abounding  with  it,  which  such  a  decom- 
position compels  it  to  yield  up.  Nor,  on  the  contrary,  do  I  behcvc  that  there 
is  any  weight  in  the  argument  from  the  solubility  of  its  colouring  principle 
in  alcohol ;  for  this  is  not  aproperty  peculiar  to  chlorophyll,  or  to  any  sub- 
stance of  vegetable  origin." 

The  contents  of  the  fnistules  are  brought  into  relation  with  the  surround- 
ing medium  through  certain  pores  or  fissures,  which  have  been  refeiTed  to  as 
existing  here  and  there  along  the  sutures  between  the  opposed  valves,  or 
otherwise  between  the  valves  and  the  interposed  connecting  membrane.  The 
existence  of  such  openings  in  the  silicious  envelope,  and  the  consequent 
exposure  of  the  organic  internal  or  primordial  membrane  in  the  situations 
mentioned,  have  been  demonstrated  chiefly  by  the  researches  of  Prof.  Smith, 
who  apphes  to  them  the  name  of  'foramina:  They  are  thus  described  (op. 
cit.  i.  p.  15) :— "  Along  the  line  of  suture  in  disciform  or  circular  fiiistules, 
but  more  generally  at  the  extremities  of  the  valves  only,  when  the  Diatom  is 
of  an  oblong,  linear,  or  elongated  form,  there  exist  perforations  m  the  sdex 
which  permit  the  surrounding  water  to  have  access  to  the  surface  of  the 
internal  ceU-membrane.  The  formation  of  sUex  seems  occasionaUy  to  be 
an-ested  in  the  neighbourhood  of  these  spots  ;  and  the  connecting  membrane 
is  in  consequence  either  wholly  or  partially  interrupted  at  such  places._  Thus, 
after  the  internal  ceU-membrane  has  been  removed  by  acid,  when  it  often 
happens  that  the  valves  faU  away  from  the  connecting  membrane,  the  latter 
separates  into  two  parts ;  and  the  frustule  has  in  consequence  been  described 
as  consisting  of  four  plates.  The  interruptions  in  the  silicious  epiderm  are 
usuaUy  apparent  as  slight  depressions  at  the  extremities  of  the  finstule  ;  and 
the  appearances  they  present  have  been  denominated  '  pimcta'  by  Mr  liaits. 
In  some  species  these  interruptions  are  more  numerous,  being  found  along 
the  entire  Une  of  sutui-e,  and  are  often  connected  mth  minute  canals  hollowed 
out  between  the  siHcious  epiderm  and  the  internal  ceU-membrane,  and  ap- 
parently formed  by  waved  flexiu-es  of  the  epidermal  envelope.  ihe  latter 
constitute  the  canaliculi  heretofore  spoken  of  (p.  45). 

Siebold  regarded  the  longitudinal  bands  having  a  double  outhne,  ana  ex- 
tending from  the  apparent  dots  or  pores  at  either  end  of  NaviculcB  to  near  the 
centre,  to  be  fissm-es ;  but  the  account  previously  given  proves  this  able  man 
to  have  been  mistaken  on  this  point.  Like  Prof.  Smith,  however,  he  con- 
cluded that  the  internal  membrane  was  imperforate,  and  that  it  served  as 
the  medium  for  the  exosmosis  and  endosmosis  attending  the  function  ot 

nutrition.  o^-r^  . 

Movements  oe  the  Diatome^  ;— their  character  and  causes  ;— uilia,-- 
CiRCTTLATioN  OF  CONTENTS  ;— RESPIRATION.— The  pccuHar  movements  noticed 
in  many  DiatomcEE  have  attracted  the  observation  of  all  microscopists,  and 
have  induced  many,  especiaUy  among  the  older  obsei-vcra,  to  receive  it  as 
evidence  of  their  animal  nature;  but  even  those  who  agree  on  this  pomt 
are  in  no  better  accord  among  themselves  respecting  its  cause  than  are  those 
Avho  refer  these  beings  to  the  vegetable  kingdom. 

The  power  of  movement  is  not  confined  to  those  only  which  are  free  but 
also  to  concatenate  and  to  some  fixed  forms,  e.  g  S>,ncdra  which  move  on  their 
fixed  extremity.  There  is  considerable  diversity  both  m  the  manner  and  exten 
of  movement  of  different  species;  but  in  none  is  it  exlnbited  m  an  equal 
deo-re  to  that  seen  in  the  scores  of  Alga..  /'  The  motion,''  says  M  Snnth 
ts  of  a  peculiar  kind,  being  generaUy  a  series  of  jerks  producmg  a  reetilmear 
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movement  in  one  direction,  and  a  return  upon  nearly  the  same  path,  after  a 
few  moments'  pause,  by  another  series  of  isochronal  impulsions.  The  move- 
ment is  evidently  of  a  mechanical  natui-c,  produced  by  the  operation  of  a.  force 
not  depending  upon  the  volition  of  the  living  organisms :  an  obstacle  in  the 
path  is  not  avoided,  but  pushed  aside ;  or,  if  it  be  sufficient  to  avert  the 
onward  coiu-se  of  the  frustule,  the  latter  is  detained  for  a  time  equal  to  that 
which  it  would  have  occupied  in  its  forward  progression,  and  then  retires 
from  the  impediment  as  if  it  had  accomplished  its  full  com-se.  There  is  cer- 
tainly no  character  of  animality  in  the  movement ;  and  the  observer,  familiar 
with  the  phenomena  of  life  in  the  earlier  stages  of  vegetable  existence,  is 
constrained  to  see  a  coimterpart  in  the  iavoluntary  motions  of  the  filaments 
of  the  OsciHatoriese,  or  of  the  gemmiparous  spores  of  the  Fuel  and  Con- 
fei-vas." 

This  same  view  was  taken  by  Morren  in  1839  (op.  cit.),  who  says — "  The 
movement  of  the  BaciUaria,  however  free  it  may  be,  is  by  no  means  so  free 
and  active  as  that  of  the  spores  of  Algse,  which  are  plants,  or,  at  least,  parts 
of  plants ;  and  the  motion  is  no  positive  ground  for  the  belief  in  their  ani- 
mahty." 

The  cause  of  the  motion  of  the  Diatomeae  has  hitherto  not  been  satisfacto- 
rily determined.  To  the  hypothesis  of  a  snail-Uke  expanding  foot  projecting 
from  the  central  pore  or  umbilicus,  advanced  by  Ehrenberg,  we  have  already 
alluded  (p.  41);  and  since  no  one  original  observer,  in  spite  of  the  best-directed 
efforts,  has  been  able  to  detect  the  remotest  evidence  of  such  an  organ,  and 
as  aU  evidence  goes  to  show  that  no  actual  perforations  exist  at  the  point 
indicated  for  its  extrusion,  it  would  be  useless  to  raise  any  ai-gument  upon  it. 
This  distinguished  natui-alist  subsequently  satisfied  himself  of  the  presence 
of  other  locomotive  organs  in  a  Navicula  (Surirella  gemma,  XII.  3,  4),  which 
he  has  thus  described : — "  Instead  of  a  snail-Kke  expanding  foot,  long  delicate 
thi-eads  projected,  where  the  ribs  or  transverse  markings  of  the  shell  joined 
the  ribless  lateral  portions,  and  which  the  creature  voluntarily  drew  in  or 
extended.  An  animalcule  jJg-th  of  a  line  long  had  24  for  every  two  plates, 
or  ninety-six  ki  all ;  and  anteriorly,  at  its  broad  frontal  portion,  four  were 
visible.  Whether  these  organs  were  supernumerary,  and  existed  along  with 
cirrhi,  &c.,  and  with  the  flat  snail-like  foot  which  the  rest  of  the  Navicula} 
possess,  could  not  be  determined.  Longitudinal  clefts  at  the  broad  side  of  the 
shell  were  not  present ;  but  as  many  as  96  lateral  openings  for  the  exit  of  the 
cirrhi  were  perfectly  distinct."  These  ciliary  processes  were  fui-ther  stated 
to  be  actively  vibratile,  and  to  be  retracted  or  extended  at  short  periods. 

Prof.  Smith  has  remarked  on  this  appearance,  that  the  presence  of  haii-s 
apparently  on  all  parts  of  the  frustule  may  often  be  detected,  and  that  he  has 
noticed  them  on  nearly  eveiy  occasion  on  which  he  has  gathered  this  species, 
but  m  no  case  has  he  been  able  to  perceive  any  motion  in  such  haii-s ;  and  he 
therefore  concludes  that  they  are  merely  a  parasitic  growth,  such  as  the 
myechum  of  some  Algae.  Ho  has  also  seen  similar  appendages  to  other  Dia- 
tomese,  but  m  every  case  devoid  of  motion. 

The  notion  of  exseriile  and  retractile  feet  has  been  renewed  by  M.  Fockc 
{Comptes  Rendus,  1855,  p.  167),  who  attributes  the  movements  of  Navicula  to 
such  organs  of  a  temporary  Idnd,  which  he  says  pass  through  openings  he 
has  detected  on  the  sides  of  the  lorica.  >=     i"  s 

V.^^^f,^^T^  foUoxving,  and,  to  Siebold's  mind,  satisfactory,  explana- 
o.  n^S-  .  T*"/'^  """"^  backward  movement,  as  well  of  many  Desraidiete 
as  01  JJiatomese  (J^.  Jlf.  ^f.  1853,  p.  195).  '<  The  ceUs,"  ho  writes,  "  have  no 
special  organs  for  those  movements.  But  as  in  consequence  of  their  nutri- 
tive processes  they  both  take  in  and  give  out  fluid  matters,  the  cells  ncces- 
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sarily  move  when  the  attraction  and  the  emission  of  the  fluids  is  imequally 
distributed  on  parts  of  the  suiface,  and  is  so  active  as  to  overcome  the 
resistance  of  the  water.  This  motion,  consequently,  is  observed  more  particu- 
larly in  those  cells  which,  in  consequence  of  their  taper  form,  easily  pass 
through  the  water ;  these  cells,  moreover,  move  only  in  the  direction  of  their 
long  axis.  If  one  half  of  a  spindle-shaped  or  ellipsoidal  cell  chiefly  or  en- 
tirely admits  material,  the  other  half,  on  the  contrary,  giving  it  out,  the  ceU 
moves  towards  the  side  where  the  admission  takes  place.  But  as  in  these 
cells  both  halves  are  physiologically  and  morphologically  exactly  alike,  so  it 
is  that  it  is  first  the  one  and  then  the  other  half  which  admits  or  emits,  and 
consequently  the  cell  moves  sometimes  in  one,  at  other  times  in  the  opposite 
direction." 

In  our  apprehension,  this  mechanical  interpretation  of  the  phenomenon  is 
not  sufficient ;  the  alternate  reception  and  discharge  of  fluid  matters  by  each 
opposite  half  requires  an  effort  of  imagination,  to  conceive,  unwarranted  by 
analogy.  We  shall,  however,  presently  see  that  Prof.  Smith  gives  the  pre- 
ference to  this  supposition,  amid  the  many  conflicting  fancies  of  authors  and 
the  obscurity  of  the  question. 

Encouraged  by  apparent  success  in  discovering  cUia  on  the  fronds  of  Des- 
midieae,  Mr.  Jabez  Hogg  searched  for  tbem  on  Diatomese,  and  tells  us{J.M.  S. 
1855,  p.  235)  that  he  has  repeatedly  satisfied  himself  that  their  motive  power 
is  derived  from  cUia  arranged  around  openings  at  either  end, — ^in  some  also 
aroTind  the  central  openings,  which,  with  those  cilia  at  the  ends,  act  as 
paddles  or  propellers.   He,  moreover,  states  his  impression  that  the  frustules 
have  a  degree  of  volition  siifficient  "  to  move  along  and  to  steer  their  course ; 
for  Latervals  of  rest  and  motion  are  most  clearly  to  be  distinguished."  To 
this  beHef  in  cilia  on  the  frastules  of  Diatoms,  Mr.  Wenham  is  as  determmed 
an  opponent  as  he  is  to  the  like  hypothesis  respecting  the  Desmidiese  (J.  M.S. 
1856  p  159),  and  he  offers  the  following  speculations  on  the  cause  of  the 
movements :— "  If  caused  by  the  action  of  cilia,  such  extremely  rapid  mipulses 
woiild  be  required  to  propel  the  comparatively  large  body  through  the  water, 
that  suiTOunding  particles  would  be  jerked  away  far  ajid  wide ;  a  similar 
effect  would  be  observed  if  the  propulsion  were  caused  by  the  reaction  of  a  jet 
of  water,  which,  according  to  known  laws  of  hydrodynamics,  must  neces- 
sarily be  ejected  with  a  rapidity  sufficient  to  indicate  the  existence  of  the 
current  a  long  distance  astern.    I  consider  that  there  is  no  ground  tor 
assuming  the  motions  of  the  Diatomacese  to  be  due  to  either  of  these  causes. 
They  are  urged  forward  through  a  mass  of  sediment  without  displacmg  any 
other  pari;icles  than  those  they  immediately  come  in  contact  with,  and  quietly 
thrust  aside  heavy  obstacles  directly  in  their  way,  with  a  slow  but  decided 
mechanical  power,  apparently  only  to  be  obtained  from  an  abutment  against 
a  solid  body.    In  studying  the  motions  of  the  Diatomete,  I  have  frequently 
seen  one  get  into  a  position  such  as  to  become  either  supported  or  J^med 
endways  between  two  obstacles.    In  this  case,  particles  m  contact  with  the 
sides  are  carried  up  and  down  from  the  extreme  ends  with  a  jerkmg  move- 
ment and  a  strange  tendency  to  adherence,  the  Diatom  seeming  jmwilhng 
to  part  with  the  captured  particle.    Under  these  circumstances  I  have  dis- 
tinctly perceived  the  undulating  movement  of  an  extenor  membrane ;  whether 
this  envelopes  the  whole  sui-face  of  the  siHcious  valves  I  am  not  able  to 
determine,  nor  do  I  know  if  the  existence  of  such  a  membrane  has  yet  been 
recoS    The  movement  that  I  refer  to  occupied  the  place  at  the  juncUon 
of  tS  two  valves,  and  is  caused  by  the  undulation  of  what  is  known  as  the 
^cormecting  membrane.'    This  wiU  account  for  the  progressive  motion  of 
theXtomeffi,  which  is  performed  in  a  manner  analogous  to  that  of  the 
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Gasteropoda.  The  primaiy  cause,  however,  is  different,  and  not  due  to  any 
property  of  animal  vitality,  but  arises,  in  my  opinion,  merely  from  the  effects 
of  vegetable  circulation.  I  have  observed  several  corpuscles  of  uniform  size 
travel  to  and  fro  apparently  within  the  membrane,  which  is  thus  raised  in 
waves  by  their  passage."  Mr.  Wenham  follows  up  this  explanation  by  a 
conjecture  with  respect  to  the  rarer  movements  of  the  Desmidieae.  "As 
there  are  in  these,"  he  writes,  "  no  indications  of  either  external  orifices  or 
cUia,  may  not  their  locomotion  be  effected  by  the  currents  of  protoplasm 
forcing  their  way  between  the  primordial  utricle  and  outer  tunic,  which  will 
thus  be  raised  in  progressive  waves  if  the  investment  happens  to  be  in  a 
suitably  elastic  condition."  (See  p.  5.) 

The  undulating  movement  of  an  exterior  membrane  thus  indicated  by  Mr. 
"Wenham,  over  the  surface  of  Diatomaceous  frustules,  is  doubtless  identical 
with  the  current  demonstrated  by  Siebold  by  means  of  indigo  {J.  M.  S. 
i.  pp.  196, 197).  The  latter  states  that  the  pai-ticles  of  this  colouring  matter 
which  come  in  contact  with  the  living  Naviculce  are  set  into  a  quivering 
motion,  although  previously  quite  motionless ;  but  this  happens  oiily  along 
the  lines  of  the  four  sutures,  the  particles  adherent  to  other  parts  of  the  shield 
remaining  motionless.  "  The  indigo  particles,  which  axe  propelled  fr-om  the 
terminal  towards  the  two  central  eminences,  are  never  observed  to  pass 
beyond  the  latter :  at  this  point  there  is  always  a  quiet  space,  from  which 
the  particles  of  indigo  are  again  repelled  in  an  inverse  direction  towards  the 
extremities.  This  proves  that  the  linear  sutures,  as  may  in  fact  be  seen, 
do  not  extend  over  the  central  eminences  of  the  shield.  The  current  at  these 
clefts  is  occasionally  so  strong,  that  proportionally  large  bodies  are  set  in 
motion  by  it."  The  sutures  and  clefts  alluded  to  by  Siebold,  it  should  be 
understood,  are  not  the  sutures  between  the  valves  and  connecting  membrane, 
but  the  evident  lines  extending  between  the  apparent  pores  on  the  valves, 
and  which,  to  his  apprehension,  are  actual  fissures  in  the  siHcious  envelope, 
by  which  "  the  delicate  primordial  membrane  which  lines  the  silicious  shield 
can  be  brought  into  close  relation  with  the  external  world."  This  belief  in 
the  presence  of  such  fissures  on  the  valves  we  have  previously  examined  and 
shown  to  be  imfounded.  (See  p.  41.) 

Prof.  Smith  has  the  following  remarks  on  this  debateable  point  of  the 
cause  of  the  motions  of  Diatomeae  (op.  dt.  vol.  i.  p.  xxiii) : — "  Of  the  cause 
of  these  movements,  I  fear  I  can  give  but  a  very  imperfect  account.  It 
appears  certain  that  they  do  not  arise  from  any  external  organs  of  motion. 
The  more  accurate  instruments  now  in  the  hands  of  the  observer  have  enabled 
him  confidently  to  affirm  that  aU  statements  resting  upon  the  revelations  of 
more  imperfect  object-glasses,  which  have  assigned  motile  ciHa,  or  feet,  to 
the  Diatomaceous  frustule,  have  been  founded  upon  iUusion  and  mistake. 
Among  the  hundreds  of  species  which  I  have  examined  in  every  stage  of 
growth  and  phase  of  movement,  aided  by  glasses  which  have  never  been 
^""/^^^"^^f,  definition,  I  have  never  been  able  to  detect  any 
ca™^plf  T*"^'  organ;  nor  have  I,  by  colouring  the  fluid  with 
thr?^Lfo^  fS"^"'        ""^^^  ^  Particles  surrounding 

of  tn  rfi,"^  '  *°7  ^'^^^"^^'its  ^liich  indicate,  in  the  various  species 
beheTrn^r''^  ammalcules,  the  presence  of  cilia.  I  am  constrained  to 
Sthin        t^.T^'""?*'  DiatomacesB  are  owing  to  forces  operating 

IxoZoZ  !T    %  P'^^^^^y  connected  with  the  endosmitic  and 

ZliZ  LT'\  fl^^*^  concerned  in  these 

extremifnVr^f  Ti,     -f"^       ^""'^^^"^  the  minute  foramina  at  tiie 

SSnX  Lnl?  ^^'^^l^f^^i^es;  and  it  may  easily  be  conceived  that  an 
exceedingly  smaU  quantity  of  water  expelled  through  these  minute  aper- 
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tures  would  be  siifficient  to  produce  movements  in  bodies  of  so  little  specific 
gravity. 

"  If  the  motion  be  produced  by  the  exosmose  taking  plaCe  alternately  at  one 
and  the  other  extremity,  while  endosmose  is  proceeding  at  the  other,  an 
alternating  movement  would  be  the  result  in  frastules  of  a  linear  form, — 
while  ia  others  of  an  eUiptieal  or  orbicular  outline,  in  wliich  foramina  exist 
along  the  entire  line  of  suture,  the  movements,  if  any,  must  be  irregular,  or 
slowly  lateral. 

"  Such  is  precisely  the  case.  The  backward  and  forward  movements  of 
the  Naviculece  have  been  already  described  ;  in  Surirella  and  CamjoylocUsciis 
the  motion  never  proceeds  farther  than  a  languid  roll  from  one  side  to  the 
other  ;  and  in  Gomphonema,  in  which  a  foramen,  fulfilling  the  nutritive  office, 
is  foimd  at  the  larger  extremity  only,  the  movement  is  a  hardly  perceptible 
advance  in  intermitted  jerks  in  the  direction  of  the  narrow  end.  The  subject 
is,  however,  one  involved  in  much  obscurity,  and  is  probably  destined  to 
remain,  for  some  time  to  come,  among  the  mysteries  of  Nature,  which  baffle 
while  they  excite  inquiry." 

The  last  clause  of  this  quotation  expresses  the  unsatisfactory  state  of  the 
question;  yet  the  foregoing  examination  wiU,  we  think,  leave  only  three 
hypotheses  deserving  further  inquiry:  viz.,  1.  the  existence  of  ciHa,  or,  2.  of 
an  undulating  membrane  ;  and  3.  the  operation  of  endosmose  and  exosmose, 
as  a  mechanical  cause.  To  our  apprehension,  the  presence  of  cilia,  perhaps 
ranged  only  along  the  sutural  lines,  has  not  been  completely  disproved  ;  and, 
on  the  other  hand,  considered  as  locomotive  organs,  cilia  have  the  great 
advantage  of  analogy  over  the  presumed  undulatory  membrane.  Do  not, 
indeed,  the  experiments  with  indigo,  recounted  by  Siebold,  suggest  cilia  to 
be  the  active  agents  of  the  movements  recorded  ? 

The  rate  of  motion  of  the  Diatomeae  is  exceedingly  languid  and  slow; 
sometimes  it  amounts  to  no  more  than  an  oscillating  movement,  with  httle 
or  no  change  of  place  ;  and  at  anothei',  the  backward  and  forward  movements 
are  so  nearly  equal,  that  the  frustule  makes  no  appreciable  advance.  Prof. 
Smith  has  measured  the  rate  of  motion  of  some  species,  and  remarks  that, 
however  vivacious  and  rapid  they  may  at  fii'st  sight  seem,  yet,  when  con- 
sidered with  reference  to  the  high  magnifying  powers  employed,  and  the 
consequent  amplification  of  their  movements,  they  are  very  slow.  "  I  have 
noted  the  movements  of  several  species  with  the  aid  of  an  eye-piece  micro- 
meter and  a  seconds  watch,  and  found  that  one  of  the  most  rapid,  viz.  Bacd- 
laria  paradoxa,  moved  over  ^th  of  an  inch  in  a  second ;  Pinniaarm  radwsa, 
one  of  the  slowest,  over  y^Vtjth  of  an  inch  in  the  same  time ;  and  that  the 
same  period  was  occupied  by  Pinnularia  ohlonga  in  traversing  -juVu*^  °f  '^^ 
inch,  Nitzschia  linearis  -^^th.  of  an  inch,  and  PUurosicjma  stncjosimi  -^j^ih 
of  an  inch.  Or,  expressing  the  spaces  and  times  by  other  units,  we  find  that 
the  most  active  required  somewhat  more  than  three  minutes  to  accomphsh 
movements  whose  sum  would  make  one  inch,  and  the  slowest  ncai-ly  an  hour 
to  perform  the  same  feat." 

Before  quitting  the  subject  of  the  movements  of  the  Diatomea?,  wc  would 
briefly  advert  to  the  pecuiiar  motion  of  some  species,  especially  of  Bacillarnx 
paradoxa  The  movements  of  this  organism,  as  the  specific  name  implies, 
are  paradoxical,  or  very  strange  in  character.  Mr.  Thwaites  essayed  to 
describe  what  indeed  can  be  rightly  apprehended  only  by  pereonalob- 
servation,  in  the  foUo^ving  words  (Proc.  of  Linn.  Soc.  i  p.  311) :— "  When 
the  filaments  have  been  detached  from  the  plants  to  which  they  adhere,  a 
remarkable  motion  is  seen  to  commence  in  them.  The  fii-st  indication  ot  this 
consists  in  a  slight  movement  of  a  terminal  frustule,  which  begins  to  shdc 
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longthAvise  over  its  contig-uous  frustiile  ;  the  second  acts  simultaneously  in  a 
sindlar  manner  with  regard  to  the  third,  and  so  on  thi-oughout  the  whole 
filament, — the  same  action  having  hecn  going  on  at  the  same  time  at  both 
ends  of  the  filament,  but  in  opposite  directions.  The  central  frustule  thus 
appears  to  remain  stationary,  or  nearly  so, — while  each  of  the  others  has 
moved  with  a  rapidity  increasing  with  its  distance  fi'om  the  centre,  its  own 
rate  of  movement  having  been  increased  by  the  addition  of  that  of  the  inde- 
pendent movement  of  each  frustule  between  it  and  the  central  one.  This 
lateral  elongation  of  the  filament  continues  imtil  the  point  of  contact  between 
the  contiguous  frustules  is  reduced  to  a  very  small  portion  of  their  leiigth, 
when  the  filament  is  again  contracted  by  the  frustiiles  shding  back  agaia  as 
it  were  over  each  other ;  and  this  changed  dii'ection  of  movement  proceeding, 
the  filament  is  agaiu  drawn  out  until  the  frustules  are  agaia  only  sHghtly  in 
contact.  The  direction  of  the  movement  is  then  again  reversed,  and  con- 
tinues to  alternate  in  opposite  directions,  the  time  occupied  in  passing  fi-om 
the  elongation  in  one  direction  to  the  opposite  being  generally  about  45 
seconds.  If  a  filament  while  in  motion  be  forcibly  divided,  the  iminjiu'ed 
frustiiles  of  each  poi-tion  continue  to  move  as  before,  proving  that  the  filament 
is  a  compound  structure,  notwithstanding  that  its  frustules  move  in  unison. 
When  the  filament  is  elongated  to  its  utmost  extent,  it  is  extremely  rigid,  and 
requires  some  comparatively  considerable  force  to  bend  it,  the  whole  filament 
moving  out  of  the  way  of  any  obstacle  rather  than  bending  or  separating  at  the 
joints.    A  higher  temperatm'e  increases  the  rapidity  of  the  movement." 

To  this  account  Prof.  Smith  appends  these  obsei'vations  : — "  The  motion 
here  so  accurately  described  is  not  essentially  diff'erent  fi'om  that  noticeable 
in  many  of  the  free  species  of  Diatomeee,  the  pecuharity  being  that  it  is 
here  exhibited  in  numerous  united  frustules ;  when  observed  in  a  band  of 
one  hundred  or  more  frustules,  the  singular  appearances  assumed  by  the 
filament  under  the  action  of  so  many  individuals  moving  at  one  time  in 
apparent  concert,  and  another  in  opposition,  never  fail  to  excite  astonish- 
ment." 

Mr.  Thwaites's  account  conveys  the  impression  that  the  movements  ai'e 
always  regular :  but  this  is  not  the  case ;  for  Mr.  RaLfs  teUs  us,  by  letter, 
that  both  Dr.  Bailey  and  himself  have  convinced  themselves  that  they  are 
at  many  times  iiTegular. 

Dr.  Donkin,  in  his  description  of  a  new  species  of  Bacillaria  he  names  B. 
cursoria  (J.  M.  S.  1858,  p.  27),  has  the  following  account  of  its  singular  move- 
ments : — "  When  the  filament  is  in  a  quiescent  state,  the  frustules  are  idl  di'awTi 
up  side  by  side,  their  extremities  being  all  in  a  line,  thus  forming  a  group. 
When  a  filament  previously  at  rest  resumes  its  activity,  the  movement]  is 
commenced  by  the  second  or  inner  frustiile  at  one  end  of  the  filament  glichng 
forward  along  the  contiguous  surface  of  t)xQ  first  or  outer  fiiistule  mtil  tlicir 
opposite  extremities  overlap  each  other.  This  is  soon  followed  by  a  similar 
movement  of  the  third,  foui-th,  and  fifth,  &c.,  all  moving  forward  in  the  same 
direction,  and  each  frastide  gliding  along  the  surface  of  the  one  preceding  it, 
until  they  have  extended  themselves  into  a  lengthened  filament  or  chain.  In 
the  course  of  two  or  three  seconds  after  this  has  been  accomplished,  a  retrograde 
movement,  exactiy  of  the  same  character,  begins  to  take  place,  and  continues 
until  the  filament  has  retraced  its  course,  and  stretched  itself  out  in  a  direction 
exactiy  opposite  to  the  position  it  had  previously  occupied.  This  phenoiuonon 
IS  repeated  again  and  again ;  and  in  tiiis  manner  the  wliole  group  is  Iccpt  in 
a  state  of  activity  for  an  indefinite  period  of  time  ;  and  aU  the  while,  if  no 
^T'*^v,  fi,°^*  produces  irregularity,  tiio  outer  or  terminal  frustule,  next  to 
winch  the  movement  commenced,  maintains  a  stationary  and  fixed  position. 
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"  The  rapidity  with  which  each  individual  frustule  moves  is  in  direct  ratio 
to  its  distance  from  the  terminal  stationary  fnistule,  being  most  rapid  at  the 
opposite  or  moving  extremity  of  the  filament.  On  this  account,  most  of  the 
frustules,  while  the  filament  is  moving  to  and  fro,  cross  a  line  drawn  at  right 
angles  to  the  middle  of  the  long  axis  of  the  stationary  frustule,  at  the  same 
instant  of  time,  afterwards  shooting  past  each  other  like  horses  on  a  race- 
course. 

"  The  force  with  which  the  filament  moves  is  very  great,  so  much  so  that 
I  have  observed  it  upset  and  shove  aside  a  large  fr-ustule  of  A.  arenaria,  n, 
sp.,  at  least  six  times  its  own  bulk,  obstructing  its  path.  This  force  is,  in  a 
great  measure,  due  to  the  rapidity  with  which  the  frustules  move, — the  time 
which  a  filament,  even  of  considerable  length,  occupies  in  crossing  the  field 
of  the  microscope  being  only  a  few  seconds. 

"  Light  appears  to  be  a  necessary  stimulus  for  the  maintenance  of  this 
motion.  When  a  filament  in  active  motion  is  placed  in  the  dark  for  a  short 
period,  and  then  examined,  the  movement  is  seen  to  have  ceased,  but  again 
commences  when  the  filament  is  exposed  to  the  light  for  a  short  time.  Is 
not  this  singular  movement,  with  which  the  present  species  is  endowed,  a 
vital  phenomenon,  and  independent  of  physical  causes  for  its  existence  ? 

"  When  the  moving  extremity  becomes  entangled  in  any  kind  of  substance 
intercepting  its  course,  the  opposite  or  stationary  extremity  commences  to 
move,  and  continues  to  do  so  until  the  entangled  extremity  is  set  free ; 
sometimes,  in  such  instances,  a  frustule  in  the  centre  remains  fixed,  a  move- 
ment of  each  half  of  the  filament  in  opposite  directions,  on  either  side  of  it, 
talung  place.  But  all  these  irregularities  cease  as  soon  as  the  impediment 
has  been  got  rid  of. 

"  These  facts  lead  to  the  conclusion  that  the  present  species  is  a  true  Bacil- 
laria,  although  apparently  somewhat  anomalous  in  the  structure  of  its  frustule. 
The  gliding  movement  of  one  fnjstule  over  the  contiguous  one  is  the  same  as 
is  observed  in  B.  paradoxa ;  but  it  differs  from  this  latter  species  in  this 
essential  particular,  that  the  wliole  of  its  filament  moves  on  one  side  of  a 
terminal  frustule  which  is  stationary, — ^while,  in  B.  paradoxa,  each  half  of  the 
filament  moves  in  opposite  directions  on  either  side  of  a  central  stationary 
frustule." 

The  movement  of  one  segment  upon  another  is  witnessed  in  other  con- 
catenate species,  but  in  a  less  degree,  where  the  medium  of  attachment  is 
limited  to  a  small  space,  as  in  those  several  genera  having  the  alternate  or 
opposite  angles  of  their  frustules  connected  by  a  link-like  isthmus,  e.  g. 
Diatoma,  Fragilaria,  Qrammatophora,  &c. 

NuTEiTivE  rrarcTioNs; — SupposEB  Stomachs; — Circulatiox  of  Contents; — 
Respieation. — The  nutrition  of  Diatomese  is  provided  for  primarily  by  the 
endosmotic  and  exosmotic  action  going  on  throiigh  the  '  foramina '  in  the 
silicious  epiderm,  whereby  fluid  material  laden  vsdth  the  matters  necessary 
to  build  up  the  various  elements  of  the  endochrome  is  introduced  into  the 
organisms. 

On  the  first  appearance  of  a  fnistule,  the  endochrome  is  homogeneous  and 
granular ;  but  as  time  advances,  granules  are  seen  to  congregate  in  certain 
parts,  and  globules  or  vesicles  of  various  size  speedily  develope  themselves, 
and  either  take  up  definite  positions  or  are  irregularly  difftised.  During 
these  changes  in  the  contents — duiing,  indeed,  the  entire  life  of  the  cell, 
iinder  the  influence  of  light,  oxygen  is  given  ofi",  and  the  gases  with  which 
it  was  united  in  various  chemical  compounds  are  appropriated  to  the  purposes 
of  the  economy. 

tThe  very  fact  of  the  existence  of  the  silicious  epiderm,  thrown  off,  it  would 


OF  THE  DIATOMEiE. 


57 


seem,  as  an  excretion  from  the  organic  membrane  of  the  fiiistules,  indicates 
the  activity  and  energy  of  the  nutritive  functions,— a  fact  further  demonstrated 
by  the  production  of  the  '  connecting  membrane,'  and,  in  short,  by  the  whole 
process  of  reproduction,  whether  by  self-division  or  by  sporangia.  The  silica 
present  in  the  lorica  must  be  taken  up  by  the  organism  in  a  state  of  solu- 
tion ;  and  although  the  quantity  of  silica  dissolved  in  water  is  inconceivably 
small,  it  is  nevertheless  sufficient  to  supply  the  material  for  the  construction 
of  millions  of  Diatomaceous  shells,  even  in  a  short  time,  as  the  phenomena 
of  reproduction  and  the  rapid  appearance  of  these  stractures  as  an  appre- 
ciable powder,  or  as  a  colouring  matter  in  water,  prove.  "  It  is  probable,"  says 
Dr.  Gregory  (/.  M.  S.  1855,  p.  2),  "  that  as  fast  as  the  silex  is  extracted  from 
the  water  by  them,  it  is  dissolved  from  the  rocks  or  earths  in  contact  with 
the  water,  so  that  the  supply  never  fails;"  and  we  may  add,  so  that  the 
quantity  never  accumulates  beyond  the  very  minute  fractional  portion  chemists 
can  detect. 

Ehxenberg's  untenable  hypothesis  of  the  presence  of  stomach-sacs  and  of  an 
alimentary  canal  opening  externally  has  received  sufficient  attention  in  the 
history  already  given  (pp.  47, 48),  of  the  nature  of  the  contents  of  the  Diatomeae 
and  of  their  investing  lorica.  Were  other  considerations  needed,  the  absence 
at  times  of  any  such  vesicles  as  Ehrenberg  conceived  to  be  gastric  cells,  their 
occasional  coalescence,  and  the  phenomenon  of  cyclosis  or  the  circulation  of 
the  contents,  each  and  all  subjects  of  direct  observation,  might  be  appealed 
to  as  proofs  of  the  errors  that  great  naturalist  fell  into  respecting  the  internal 
organization  of  the  Diatomese. 

The  phenomenon  of  cyclosis  has  been  observed  by  Nageli  in  a  species  of 
Navicula,  and  in  one  of  Gallionella  (Melosira)  (XY.  27),  and  by  Prof.  Smith 
in  other  Diatoms.  This  writer  says  (op.  cit.  i.  p.  xxi) — "  In  Surirella  biseriata 
this  motion  has  been  more  especially  apparent ;  but  I  have  also  observed  it 
take  place  in  Nitzschia  scalaris  and  Campylodiscus  scalaris.  This  circulation 
has  not,  however,  the  regularity  of  movement  so  conspicuous  in  the  Des- 
midiese,  and  is  of  too  ambiguous  a  character  to  furnish  data  for  any  very  certain 
conclusions,  save  one,  viz.  that  the  Diatom  must  be  a  single  cell,  and  cannot 
contain  a  number  of  separate  organs,  such  as  have  been  alleged  to  occupy  its 
interior, — since  the  endochrome  moves  fi-eely  from  one  portion  of  the  frustule 
to  the  other,  approaching  and  receding  from  the  central  nucleus  unimpeded 
by  any  intervening  obstacle." 

Schultze,  in  his  contribution  on  the  movements  within  the  frustules  of 
Diatomeae  {Miill.  Archiv,  1858),  represents  them  to  occur  in  and  along  the 
finely  granular  threads  into  which  the  less  fluid  mucilaginous  portion  of  the 
endochrome  is  drawn  out.  He  compares  the  movements  in  character  to 
those  of  the  '  variable  processes '  or  pseudopoda  of  Rhizopodes,  and  thereby 
assimilates  the  mucUaginous  films  of  Diatomaceous  frustules  with  the  soft 
sarcode  of  those  simplest  animalcules,— a  similarity  countenanced  by  the  now 
well-known  fact  of  an  Amcebiform  phase  in  the  cycle  of  development  of  some 
of  the  lower  Algae  {vide  section  on  Phytozoa).  The  cyclosis  in  plant-cells  is 
no  doubt  nghtly  attributed  to  the  operation  of  the  vital  processes  of  nutrition 
and  of  the  so-caUed  respu-ation,  and  primarily  to  the  chemico-vital  action 
proceedmg  by  the  medium  of  the  chlorophyll-globules ;  and  it  seems  most  con- 
sonant with  the  teachings  of  science  to  assign  the  less  active  and  less  complete 
and  regular  mtcmal  movements  of  the  Diatomeaj  also  to  the  similar  vital 
lorces,— the  coloured  corinisclos,  it  may  be,  acting  here  Ukewise  as  the  prime 
mover.  We  are  aware  that  the  nucleus  has  been  represented  to  be  the  first 
source  of  the  movements  in  plant-cells,  since  the  current  seems  to  flow  from 
and  to  rctum  to  it  in  many  cases ;  but  this  phenomenon  is  explicable  in 
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another  way,  by  admitting  the  disposition  of  the  raucous  threads  as  displayed 
by  Schultze,  extending  as  they  do  from  the  nucleus  on  aU  sides,  and  serving 
at  the  same  time  to  Limit  and  to  direct  the  movements  taking  place  within 
and  by  them.  We  have  not  adverted  to  ciliary  action  as  the  cause,  for ;  so 
far  as  we  can  gather,  Mr.  Osborne  and  Mr.  Jabez  Hogg  have  failed  to  impress 
many  naturalists  with  the  fact  of  its  existence  and  operation  in  Diatoms. 

Lastly,  Schultze  remarks  that,  to  see  the  mucilaginous  threads  and  the 
internal  movements,  living  and  fresh  specimens  are  needed ;  for  they  are  soon 
arrested  when  the  frustulcs  are  removed  from  their  natural  habitats,  and  are 
quite  lost  to  vision  when  they  become  dry.  Hence  it  is,  no  doubt,  that  no 
previous  observer  has  detected  and  rightly  apprehended  the  facts  enunciated 
by  Schultze. 

The  so -called  function  of  respiration  is  evinced  in  the  fixing  of  the  carbon 
of  the  carbonic  acid  and  in  the  disengagement  of  ^oxygen  gas ;  but  this  is 
rather  an  act  of  nutrition,  and  resembles  that  sHent  and  invisible  disengage- 
ment of  certain  particles,  and  the  rearrangement  of  others,  which  proceed  in 
the  formation  and  in  the  removal  of  worn-out  tissues  in  higher  animals. 

MuiTIPLICATIOK,  KePEODUCTION,  AND  DEVELOPMENT  OF  DiATOMEiE.  AmOng 

the  modes  of  reproduction  of  the  Diatomete,  self-division  has  usually  been 
accoimted  one,  but  erroneously  so,  since  this  process  is  no  more  than  a  mul- 
tiphcation  of  an  individual  cell,  and  completely  homologous  Avith  the  process 
of  cell-iission  exhibited  in  the  construction  of  animal  and  vegetable  tissues 
in  general.  The  pecuharitj  in  the  self-division  of  the  Diatomese,  i.  e.  among 
the  fi-ee  simple  beings,  is,  that  the  division  is  followed  by  separation ;  for 
each  cell,  instead  of  uniting  with  its  neighbours  in  the  formation  of  a  tissue, 
commences  an  iadependent  existence.  Self-division  in  one  dii-ection,  not 
followed  by  separation,  produces  the  filamentary  or  concatenated  DiatomesE, 
whilst  the  abundant  excretion  of  a  mucus  around  the  dividing  frustules,  and 
its  persistence,  give  rise  to  the  frondose  genera,  which  make  an  approach 
towards  the  character  of  vegetable  cellular  tissue, — each  cell,  however,  retain- 
ing an  independent  vitality  greatly  more  pronounced  than  in  the  latter. 

The  process  of  self-fission  or  deduplication  in  this  family  resembles  in  all 
essential  particulars  that  in  other  vegetable  cells  (XV.  28,  a,  b,  c).  Preparatory 
to  its  visible  occurrence,  or  rather  simultaneously  with  certain  changes  in  the 
iaterior,  the  valves  separate  by  the  progressive  gro-ni;h  of  the  connecting 
membrane.  The  nucleus  within  is  observed  to  divide  into  two  portions,  each 
of  which  eventually  becomes  detached  from  the  other,  and,  in  Prof.  Owen's 
language,  serves  as  a  centre  of  spermatic  force,  and  induces  an  aggregation 
of  the  granules  of  the  endochrome  about  it.  Whilst  this  separation  of  the 
nucleus  and  of  the  general  contents  is  going  forwai'd,  the  lining  or  primordial 
membrane  of  the  cell  becomes  doubled  iuAvards  in  the  entii-e  cii'cumference 
along  the  line  of  division,  and  advances  gradually  mitil  it  at  length  forms  a 
complete  septum,  cutting  the  original  single  cell  into  two.  This  septum  is 
actually  double ;  and  in  each  lamina  a  deposit  of  silicious  material  speedily 
proceeds,  so  as  to  produce  two  new  valves,  each  opposed  to,  and  immediately 
continuous  around  its  circumference  %vith,  one  of  the  two  original  valves. 
Thus,  on  the  completion  of  this  process  of  deduplication,  two  fi-ustules  result, 
awaiting  only  the  final  act  of  separation  to  enter  on  an  independent  exist- 
ence and  to  repeat  the  like  series  of  phenomena,  and  so  on  through  a 
seemingly  almost  endless  chain,  to  perpetuate  the  existence  of  the  particular 
species  or  individual.  (See  Meneghini's  account  of  the  process  and  pecuhai-i- 
ties  of  self-division  in  this  class,  in  the  examination  of  the  arguments  for  the 
animality  of  the  Diatomacca3,  in  a  subsequent  page.)  The  true  natiu'c,  there- 
fore, of  this  process  of  self-ch\ision  being  an  extension,  not  a  renewal,  of 
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incmidual  Hfc,  lias  been  justly  represented  by  Mr.  Tliwaitcs  as  an  act  of 
ffemmation,  not  of  reproduction.  ,  ,     -  „ 

In  the  coiu-se  of  seH-division,  in  some  instances  at  least,  a  mucous  or 
muco-gelatinous  matter  is  thro^vn  out  around  the  frastules  eng^g-ed.  This 
circumstance  did  not  escape  the  notice  of  Niigeh  ;  and  Prof  Smith  {Synopsj^, 
i.  p.  62)  has,  after  noting  it  in  previous  pages  as'a  common  phenomenon  m  the 
faroily,  thus  referred  to  it  in  the  genus  Pleurosigma  :—"  While  self-dl^aslon 
is  actively  going  forward,  the  mucus  generated  by  the  di^dmg  frustules  is 
often  so  considerable  as  to  produce  the  appearance  and  effect  of  a  distinct 
fi-ond,  which  assumes  the  form  of  a  thin  peUicle  of  some  little  tenacity.  At 
other  times,  when  the  mucous  secretion  does  not  assume  the  contmmty  of  a 
pellicle,  it  invests  the  individual  ffustiile  with  a  transparent  envelope,  which 
has  the  appearance  of  an  exterior  membrane,  and  has  been  sometimes  mis- 
taken for  such.  On  one  occasion  I  edso  met  with,  the  frustules  of  P.  Hi^Jpo- 
campiis  enclosed  in  mucous  or  gelatinous  tubes,  precisely  like  those  of  a 
Colletonema ;  but  these  conditions  must  be  regarded,  for  the  present  at  least, 
as  temporary  or  accidental,  and  cannot  be  admitted  into  the  specific  or  generic 
descriptions." 

The  process  of  self-division  is  affected  in  some  unimportant  particulars  by 
the  figui-e  and  habits  of  certain  genera.  Thus  in  one  section  of  the  Melosirece, 
the  frustules  of  which  have  convex  ends,  Mr.  Ralfs  points  out  {A.  N.  H. 
xii.  p.  347)  that  the  central  line  is  more  strongly  marked,  and  seems  to 
divide  the  frustule  iato  two  equal  portions.  It  becomes  broader,  and  at  length 
double,  and  ultimately  an  intermediate  growth  separates  the  two  halves  of 
the  frustule,  which,  during  this  process,  do  not  increase  in  size  ;  but  when 
the  intermediate  space  is  equal  to  the  diameter  of  the  original  frustule,  two 
new  frustules  are  formed,  by  the  addition  of  two  hemispheres  on  the  inner 
sides  of  the  separated  portions.  The  outer  siUcious  covering  still  remaining, 
the  fmstules  are  connected  in  pairs,  and  appear  like  two  globules  within  a 
joint,  as  they  are  characterized  by  Harvey  in  Melosira  nummul aides,  and  by 
Carmichael  in  M.  globifera.  The  above  description  belongs  more  particularly 
to  M.  nunimuloicles ;  but  the  process  in  the  other  species  of  this  section  is  the 
same  :  a  series  of  changes,  nearly  similar,  occurs  in  Isthmia. 

"  In  this  genus,"  the  author  quoted  says,  "  the  mode  of  growth  is  very 
curious.  As  in  most  of  the  Diatomeee,  the  plant  increases  by  a  division  of 
the  fmstiiles  ;  but  in  this  genus,  as  also  in  Biddulphia  and  Anvphitetras 
(and  in  the  Achnanthece),  two  new  fi'ustules  are  formed  within  the  old  one, 
and  as  they  enlarge,  rupture  it,  when  it  falls  off.  In  these  the  front  portion 
is  at  first  very  narrow,  and  merely  a  broad  line,  but  it  increases  greatly  in 
breadth  until  the  new  frustules  are  fully  formed."  In  this  description  and 
explanation  the  widening  band  or  front  portion  mentioned  is  in  fact  the 
'  connecting  membrane '  of  Prof.  Smith,  which,  in  the  genera  named,  has 
an  extra  development,  "  an  extension  beyond  the  sutures  of  the  valves,"  and 
also  an  unusual  persistence,  retaining  the  two  fnistules  together  after  self- 
division,  in  such  a  manner  that  they  seem  to  be  enclosed  mthin  an  origmal 
single  fnistiilo,  just  as  lb.  Ealfs  describes. 

This  longer  persistence  of  the  connecting  membrane  has  been  noted  by 
Prof.  Smith  (A.  N.  11.  1851,  p.  4),  who  wites— "  In  some  cases,  by  the 
new,  or  rather  semi-new  fnistules  proceeding  immediately  to  repeat  tiic 
process  [of  self-division],  the  connecting  membrane  is  thrown  off  and  chsap- 
pears ;  in  others  it  remains  for  some  time,  linldng  tiic  frustules  iu  pairs,  as 
in  Melosira  and  OfJontella." 

Another  peculiarity,  again,  not  unfi-equontly  obtains  in  Ihis  i)rocess  of  solf- 
fission,  VIZ.  a  departure  from  the  prevailing  law  of  similarity  which  exists 
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between  the  new  valve  and  the  parent  one  with  which  it  is  united  in  the 
newly-created  fnistule.  The  newly- developed  segment  occasionally  acquires 
slightly  greater  dimensions, — a  fact  best  exliibited  in  the  filamentous  genera, 
siace  in  them  it  gives  rise  to  an  evident  irregularity  in  the  chain,  affecting  its 
width.  Yet,  as  Prof.  Smith  remarks  (i.  p.  xxvi),  "  This  increase  is  so  small, 
that  in  a  filament  of  many  hundred  frustules,  the  enlargement  is  scarcely 
appreciable.  The  rapid  attenuation  represented  by  some  authors  in  the 
filaments  of  the  Fragilarice  must  therefore  be  attributed  to  the  deceptive 
appearance  presented  by  a  compressed  band  when  slightly  twisted,  the  sem- 
blance of  attenuation  being  thus  given  to  the  portions  which  are  presented 
in  an  oblique  direction  to  the  eye  of  the  observer.  .  . .  Starting  from  a  single 
frustule,'it  will  be  at  once  apparent,  that  if  its  valves  remain  imaltered  in 
size,  while  the  cell-membrane  experiences  repeated  self-division,  we  shall 
have  two  frustules  constantly  retaining  their  original  dimensions,  four  slightly 
increased,  eight  somewhat  larger,  and  so  on  in  a  geometrical  ratio,  which 
wlU.  soon  present  us  with  an  innumerable  multitude  containing  individuals  in 
every  stage,  but  in  which  the  larger  sizes  preponderate  over  the  smaller  ;  and 
such  are  the  circumstances  ordinarily  found  to  attend  the  presence  of  large 
numbers  of  these  organisms." 

Mr.  Ealfs  has  favoured  us  with  the  following  remarks  on  this  subject  in 
letters.  He  writes  (March  1856) — "  In  a  recent  number  of  the  Ann.  Nat. 
Hist.,  Mr.  Carter  expresses  his  belief  that  the  frustules  of  Diatomacese  gra- 
dually become  smaller  by  division,  and  that  it  requires  the  sporangial  frustule 
from  time  to  time  to  keep  them  the  proper  size.  This  I  cannot  admit ;  for 
any  person  who  will  take  the  trouble  to  watch  a  species  of  Gomphonema 
from  its  first  appearance  in  spring,  as  a  scarcely  visible  fiinge  to  aquatic 
plants,  win  observe  not  only  increase  of  mass,  but  also  enlargement  of  the 
frustules.  If  Mr.  Cai-ter  is  right,  the  filament  in  Fragilaria  would  be  very 
unequal :  for  instance,  as  the  first-formed  fi-ustule  could  not  decrease,  and  as 
its  segments  after  division  would  always  form  the  two  ends  of  the  filament, 
they  should  be  the  largest,  then  the  adjacent  valves  of  the  two  central  frustules 
of  the  filament  the  next  largest,  and  so  on."  In  a  subsequent  letter  the 
same  distinguished  authority  vmtes : — "  I  see  that  Prof.  Smith,  in  his 
Synopsis,  p.  xxvi,  takes  the  contrary  view  to  Mr.  Carter,  and  considers  that 
the  frustules  do  not  grow  after  they  are  fully  formed,  but  that,  m  dividing, 
the  new  frustules  may  slightly  increase  in  size.  It  is  thus  that  he  accoimts 
"  for  the  varying  breadth  of  the  bands  in  the  filamentous  species,  and  the 
diversity  of  size  in  the  frustules  of  the  free  forms."  If  he  is  correct,  his 
opinion  is  still  more  adverse  to  Mr.  Carter's  views  respecting  the  frustules 
formed  after  self-division.  But  I  doubt  also  the  correctness  of  Mr.  Smith's 
views.  He  himself  states  that  "  the  enlargement  is  scarcely  appreciable ;" 
and  yet  we  find  a  vast  difference  of  size  in  the  frustules  of  the  same  gather- 
ing. The  filaments  are  so  fi'agile  in  Fragilaria,  and  even  in  Rinmntidium, 
that  it  is  very  difficult  to  determine  whether  the  frustules  in  the  same  fila- 
ment do  differ  much  in  size,  and  whether,  if  they  do,  the  vaiiations  are  alter- 
nating or  irregular,  as  would  be  the  case  if  either  Prof.  Smith  or  Mr.  Carter 
be  correct. 

The  rate  of  production  of  specimens  of  Diatomeae,  even  by  this  one  pro- 
cess of  simple  self-division,  is  something  really  extraordinaiy.  So  soon  as 
a  frustule  is  divided  into  two,  each  of  the  latter  at  once  proceeds  with 
the  act  of  self-division;  so  that,  to  use  Prof.  Smith's  approximative  cal- 
culation of  the  possible  rapidity  of  multiplication,  supposing  the  process 
to  occupy,  in  any  single  instance,  twenty-four  hours^  "  we  should  have,  as 
the  progeny  of  a  single  frustule,  the  amazing  number  of  one  thoiisand 
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miUions  in  a  single  month —a  circumstance  which  wiU  m  some  degree  explain 
the  sudden,  or  at  least  rapid  appearance  of  vast  numbers  of  these  organisms 
in  locaHties  where  they  were,  but  a  short  time  previously,  either  unrecognized 
or  only  sparingly  diffused."  -,  j  •  n  j 

This  multipUcation  by  self-division  now  described,  is  generaUy  supposed, 
after  a  time,  so  to  speak,  to  exhaust  itself,  and  thereby  to  render  necessary 
other  plans  of  propagating  species.  That  some  other  modes  do  reaUy  exist 
is  suggested  by  the  fact  of  the  considerable  variations  of  size  of  frustules  oi 
the  same  species  obtained  at  one  time  from  the  same  locality,  and  moreover 
by  diversities  in  the  relative  distance  and  in  the  delicacy  of  the  stnae  of  the 
surface.  One  such  mode  of  propagation  Mr.  Thwaites  has  demonstrated  to 
consist  in  the  production  of  sporangial  frustules  by  a  process  of  conjugation 
analogous  to  that  in  the  Desmidiese  and  many  other  Algae. 

Conjugation. — The  method  of  conjugation,  although  essentially  alike  in  all 
cases,  exhibits  several  important  modifications  in  the  genera  of  this  family. 
These  were  more  or  less  clearly  perceived  by  Mr.  Thwaites,  who  spoke  of  them 
as  exceptional  varieties ;  but  to  Mr.  Smith  belongs  the  credit  of  reducing  all 
of  them  under  four  principal  forms :  viz.,  1 .  That  in  which  two  parent  frustules 
produce  two  sporangia  by  conjugation,  as  mEpithemiayCocconemafGompJionema, 
Encyonema,  and  Colletonema.  2.  Two  parent  frustules  generate  a  single  spo- 
rangium, e.  g.  in  Himantidium.  3.  "  The  valves  (vol.  ii.  p.  xii)  of  a  single 
fnistule  separate,  the  contents  set  free  rapidly  increase  in  bulk,  and  finally 
become  condensed  into  a  single  sporangium.  This  may  be  seen  in  Cocconeis, 
Cyclotella,  Melosira,  Orthosira,  and  Schizonema. 

"  In  Melosira  nummuloides,  M.  Borreni,  and  M.  suhflexilis,  the  second  valve 
of  the  conjugating  fnistule  is  rarely  found  united  to  the  mucus  suiTounding 
the  sporangium,  the  conjugation  talang  place  only  in  the  last  fnistule  of  the 
filament ;  but  in  Melosira  varians  and  Orthosira  orichalcea,  conjugation  taking 
place  throughout  the  entire  filament,  both  valves  are  usually  found  adherent 
to  the  sporangium  or  its  surrounding  mucus. 

"  From  a  single  fnistule,  as  in  the  last  method,  two  sporangia  are  produced 
in  the  process  of  conjugation :  this  takes  place  in  Achnanthes  and  Bhabdonema." 

In  describing  the  process  as  generaUy  as  possible,  we  cannot  do  better  than 
foUow  Mr.  Thwaites's  accormt,  although  it  is  illustrated  by  an  example  taken 
from  the  first  category  of  variations.  "  For  the  most  part,"  he  teUs  us, 
"  conjugation  in  the  Diatomese,  as  in  the  Desmidieas,  consists  in  the  union 
of  the  endochrome  of  two  approximated  fronds, — this  mixed  endochrome 
developing  around  itself  a  proper  membrane,  and  thus  becoming  converted 
into  the  sporangium.  In  a  very  early  stage  of  the  process,  the  conjugated 
frustules,  as  in  Eunotia  turgida,  have  their  concave  surfaces  in  nearly  close 
apposition  (XI.  1),  and  from  each  of  these  surfaces  two  protuberances  arise, 
which  meet  two  similar  ones  in  the  opposite  fi-ustule  (XI.  3) ;  these  protu- 
berances indicate  the  future  channels  of  communication  by  which  the  endo- 
chrome of  the  two  frustules  becomes  united,  as  weU  as  the  spot  where  is 
subsequently  developed  the  double  sporangium,  or  rather  the  two  sporangia. 
A  front  view  of  two  frustules  at  the  same  period  shows  each  of  them  to  have 
divided  longitudinally  into  two  halves  (XI.  4),  which,  though  some  distance 
apart,  are  stiU  held  together  by  a  veiy  delicate  membrane :  this,  however, 
soon  disappears. 

"  The  mixed  endochrome  occurs,  at  first,  as  two  in-egulai-  masses  between 
the  connected  frustules ;  but  these  masses  shortly  become  covered,  each  with 
a  smooth  cylindrical  membrane,— the  young  sporangia,  which  gradually 
increase  in  length  (XI.  5,  6),  retaining  nearly  a  cyUndi-ical  form  (XI.  7), 
until  they  far  exceed  m  dimension  the  parent  frustules,  and  at  lengtli,  when 
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mature,  become,  lilce  tliem,  transversely  stiiatcd  upon  the  surface  (XI.  8). 
Around  the  whole  structure  a  considerable  quantity  of  mucus  has,  during 
this  time,  been  developed,  by  which  the  empty  frustules  are  held  attached  to 
the  sporangia  (XI.  5-8)." 

The  variations  in  the  process  are  aUuded  to  in  the  following  extracts  from 
the  same  eminent  observer's  papers  : — "  In  different  genera,  slight  variations 
are  met  with  in  the  method  of  conjugation :  thus,  in  some  species  of  Gom- 
phonenia  the  sporangia  lie  in  a  dii-ection  parallel  to  the  empty  frustules, 
instead  of  across  them,  as  described  in  Eunotia  turgida.  Again,  there  are 
examples  (in  Oomplionema  minutissimum  and  Fragilaria  pectinalis)  where, 
instead  of  the  conjugated  frustules  separating  into  two  halves,  only  a  sUt 
appears  at  one  end,  to  serve  for  the  escape  of  the  endochi'ome.  Instead  also 
of  the  pair  of  conjugated  frustules  producing  between  them  two  sporangia, 
they  may  develope  but  a  single  one,  as  happens  in  Fragilaria  pecimalis.  In 
this  species,  too,  the  sporangium,  at  &st  cyHudrical,  soon  assumes  a  flattened, 
somewhat  quadrangular  form,  and  in  many  cases  undergoes  fissiparous  divi- 
sion before  it  has  put  on  the  exact  appearance  of  the  frustule  of  a  Fragilaria. 

"The  Melosirece  {Gallionellce,  Ehr.)  and  the  Biddulphice,"  Mr.  Thwaites 
remarks,  "  would  seem,  in  their  development  of  sporangia,  to  offer  an  excep- 
tion to  most  Diatomese  ;  for  in  those  genera  no  evident  conjugation  has  been 
seen.  However,  something  analogous  to  it  must  take  place ;  for,  excepting 
the  mixture  of  endochromes  of  two  cells,  the  phenomena  are  of  precisely 
similar  character.  Thus,  instead  of  the  conjugation  of  two  fnistules  (XV. 
29,  a,  b,  c,  d,  32,  33),  a  change  takes  place  in  the  endochrome  of  a  single 
fnistule, — that  is,  a  disturbance  of  its  previous  an-angement,  a  moving 
towards  the  centre  of  the  fnistule,  and  a  rapid  increase  in  its  quantity: 
subsequently  to  this  it  becomes  a  sporangium ;  and  out  of  this  are  developed 
sporangial  frustules,  as  in  the  other  Diatomete.  In  a  single  cell,  therefore, 
a  process  physiologically  precisely  similar  to  that  occui'ring  between  two 
conjugating  ceUs  takes  place ;  and  it  is  not  difficult  to  believe,  taking  into 
view  the  secondary  character  of  cell-membrane,  that  the  two  kinds  of  endo- 
chrome may  be  developed  at  the  opposite  ends  of  one  fi'ustule,  as  easUy  as  in 
two  contiguous  frustules,  and  give  rise  to  the  same  phenomena  as  ordinary 
conjugation." 

Purther,  in  his  notes  on  Schizonema  subcoliarens,  Mr.  Thwaites  wiites, — 
"  The  sporangia  of  this  species  are  produced  by  the  conjugation  of  a  pair  of 
frustules  outside  the  filaments  ;  but  sporangial  fnistules  are  frequently  found 
in  a  filament  intermixed  with  ordinary  frustules,  from  which  they  differ  only 
in  size." 

Dr.  Griffith  and  Mr.  Carter,  moreover,  have  portrayed  peculiarities  in 
the  conjugating  process,  which  Prof.  Smith  can  neither  explain  nor  confinn, 
and  is  equally  unable  to  reduce  under  either  of  the  leading  variations  he  has 
defined.  The  first-named  naturahst  stated  that  in  the  conjugation  of  a 
species  of  Navicula  {amphirhynchus  ?)  a  sUicious  sheath  enveloped  the  spo- 
rangial fnistule,  indestnictible  by  heat  and  nitric  acid.  "  It  is,"  he  writes, 
"  colourless,  elongate,  rounded  at  the  ends,  and  fm-nishcd  Math  coarse  trans- 
verse strioj  or  depressions,  through  which  the  line  of  fracture  nms  when  the 
object  is  crushed."  This  account  seems  to  Prof.  Smith  erroneous ;  and  he 
suggests  that  this  sheath  "  may  probably  have  been  an  appearance  resulting 
from  the  condensation  and  corrugation  of  the  miicus  developed  around  the 
reproductive  body."  This  conclusion  Dr.  Griffiths  declares  untenable,  since 
no  kind  of  mucus  -will  resist  the  action  of  a  red  heat  and  nitric  acid.  The 
specimen  examined  was,  besides,  not  an  isolated  one,  but  hundreds  such  were 
present "  {A.  N.  H.  xvi.  92). 
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Prof.  Smith  thus  alludes  to  Mr.  Carter's  views  :— "  The  cii-cumstance 
dwelt  upon  by  Mr.  Carter  as  having  an  important  beaiing  upon  the  rationale 
of  the  process,  viz.  that  one  of  the  conjugating  frastules  is  invariably  smaller 
than  the  other,  is  altogether  at  variance  with  my  experience,  and  is  totally 
ii-reconcilable  with  the  process  as  it  occurs  in  the  genera  mentioned  under 
the  third  and  foiu'th  classes.  1  am  therefore  disposed  to  believe  that  the 
difterence  in  size  noticed  by  Mr.  Carter  was  a  mere  accidental  diversity,  and 
of  no  essential  signification." 

The  four  typical  modes  of  conjugation  established  by  Prof.  Smith  have 
their  occvu-rence  thus  explained  {SynojJS.  ii.  p.  xiii) : — "  The  functions  of 
life  and  growth  are  not  suspended  during  the  act  of  conjugation;  and 
in  consequence  self-division  may  take  place  at  any  stage  of  the  process 
which  accompanies  the  formation  of  the  reproductive  body,  or  the  latter 
process  may  intrude  upon,  or  arrest  any  step  in  the  progress  of  self-divi- 
sion. 

"  In  the  iirst  mode  of  conjugation,  as  occurring  in  Epithemia,  &c.,  self- 
division  may  be  regarded  as  in  the  earliest  stage  of  its  progress,  which  merely 
involves  the  separation  of  the  endochrome  of  the  parent  frustules  into  two 
portions,  but  does  not  include  such  a  differentiation  of  these  portions  as 
renders  them  capable  of  the  conjugative  act :  the  endochrome  capable  of 
conjugating  with  these  segregated  portions  must  be  sought  for  in  other 
fiTistules ;  hence  the  process  in  these  genera  involves  the  presence  of  two 
parent  frustules,  and  results  in  the  production  of  two  sporangia. 

"  In  the  second  mode,  met  with  in  Himanticlium,  the  progress  of  separa- 
tion is  arrested  at  a  still  earlier  stage ;  no  diflTercntiation  has  taken  place, 
and  conjugation  intervening,  necessitates  the  union  of  the  entire  contents  of 
two  parent  fiiistules  to  form  a  single  sporangium. 

"  In  the  third  mode,  the  progress  of  the  separation  of  the  endochrome  in 
the  parent  frustule  must  be  considered  as  so  far  advanced  that  complete 
differentiation  has  taken  place.  In  every  respect  but  the  formation  of  new 
valves,  self-division  has  been  completed  ;  the  incomplete  frustules  are  there- 
fore prepared  for  conjugation,  which,  intei-vening  at  tliis  stage,  leads  the 
obsei-ver  to  believe  that  but  one  frustule  has  been  concerned  ia  the  produc- 
tion of  the  single  sporangium.  This  we  see  in  Melosira  and  the  other  genera 
mentioned  under  this  class. 

"  And  lastly,  self-division  occurring  dming  the  progress  of  conjugation, 
the  endochrome  becomes  segregated  in  the  very  act  of  intermingling,  and  a 
single  frustule,  whose  contents  have  been  akeady  differentiated,  gives  rise  to 
two  sporangia,  as  in  Achnanthes  and  Bhahdonema . 

"  Nor  is  the  self-dividing  disposition  in  all  cases  permanently  arrested  by 
the  complete  formation  of  the  sporangium.  Having  assiuncd  the  form  of  the 
parent  frustules,  with  a  great  increase  in  size  (the  enlargement  in  dimen- 
sions bcmg  m  some  cases  due  to  the  accumulation  of  the  contents  of  the  two 
conjugating  frustules,  and  in  others  to  a  rapid  assimilation  of  nutritive 
matenal  from  the  surrounding  mediiun),  the  sporangial  fnistule  immediately 
submits  to  self-dmsion,  and  by  the  repetition  of  this  act  developes  a  series 
of  frastulcs  equal  m  sue  to  the  original  product  of  the  conjugating  process. 
This  IS  notably  the  case  m  the  filamentous  species,  as  may  be  easily  seen 
m  iVMoszra,  m  Orthosira,  and  in  Himantidmm.  How  far  this  self-di%nsion 
may  be  earned  m  the  sporangial  frustules  is  at  present  unknown  ;  it  is  pro- 
FnS,l  T°  f  "?tion,  as  we  rarely  meet  with  any  considerable  number  of 
fnisUiles  characterized  by  the  enlarged  size  of  the  sporangial  form.  In  most 
rases  an  arrest  ot  growth,  and  consequently  of  self-{U^  ■ision,  seems  imme- 
cliately  to  follow  the  complete  formation  of  the  sporangia,  and  the  reproduc- 
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tive  body  assumes  the  qmescent  character  which  belongs  to  the  seed  of  the 
higher  plant,  its  vital  function  remaining  dormant  until  circumstances  favom- 
its  further  development  and  the  production  of  the  young  frustules  of  which 
it  is  the  destined  parent. 

"  In  the  gathering  of  Cocconema  Cistula  made  in  April  1852,  which  con- 
tained numerous  instances  of  the  conjugating  process,  I  observed  the  frequent 
occurrence  of  cysts  enclosing  minute  bodies,  variable  in  their  number  and 
size,  and  many  of  which  had  the  outline  and  markings  of  the  suiTounding 
forms,  and  were  obviously  young  frustules  of  the  Cocconema.  It  would  appear 
fi-om  the  figirres  [appended  to  this  account],  that  the  production  of  the  young 
frustules  is  preceded  by  the  separation  and  throvnng  off  of  the  sLlicious  valves 
of  the  sporangium,  and  the  constriction  or  enlargement  of  its  primordial 
utricle,  according  to  the  number  of  young  frustules  originating  in  its  pro- 
toplasmic contents.  In  this  gathering,  forms  of  every  size  intermediate 
between  the  minutest  frustule  in  the  cyst  and  the  ordinary  frustules  engaged 
in  the  conjugating  process  were  easily  to  be  detected ;  and  the  conclusion 
was  inevitable,  that  the  cysts  and  their  contents  were  sporangia  of  the  species 
with  which  they  were  associated,  and  indicated  the  several  stages  of  the  re- 
productive process." 

Since  the  preceding  account  of  conjugation  was  written,  a  valuable,  although 
not  a  very  lucid,  contribution  on  the  subject  has  appeared  by  Dr.  Hofraeister, 
iu  the  Eeports  of  the  Saxony  Natural  History  Society  for  1857,  and  has  been 
translated  by  Prof.  Henfrey  in  the  A.  N.  H.  for  January  1858.  From,  this 
we  extract  the  following  as  supplementary  to  the  previously-written  history 
of  the  conjugation-process  and  of  self -fission,  as  weL.  of  the  Desmidieae  (p.ll) 
as  of  the  Diatomeae : — 

"  Conjugation  is  far  more  rarely  met  with  in  the  Diatomeae  than  in  the 
Desmidiese.  It  appears  that  this  process  occurs  here  only  at  particular 
epochs,  differing  according  to  the  seasons,  happening  simultaneously  in  aU 
individuals,  and  quickly  completed.  Frequently  as  indications  of  conjugation 
having  taken  place  have  been  met  with  (the  occurrence  of  individuals  of  the 
same  species,  of  remarkable  diversity  of  size,  side  by  side,  in  free  Diatomeae, 
e.  g.  Pinnularia  viridis,  Surirella  Ufrons,  Staurosigma  lacustre,  all  the  year 
round,  besides  the  occurrence  of  shorter  or  longer  rows  of  cells  of  about 
double  the  diameter,  in  the  bands,  of  the  forms  remaining  connected  by  the 
lateral  surfaces,  e.  g.  Melosira,  Podosira),  yet  it  has  seldom  happened  that 
they  have  been  met  with  in  the  moment  of  conjugation. 

"  Since  the  classic  researches  of  Thwaites  upon  this  subject,  the  knowledge 
of  it  has  on  the  whole  been  but  littie  advanced  by  the  observations  of  Focke 
(conjugation  of  Surirella),  Griffith  (conjugation  of  Navicula),  W.  Smith  and 
Carter  (conjugation  of  Cocconeis,  Cymbella,  Amphora).  The  following  cases 
have  been  observed : — "  Formation  of  a  single  conjugation-cell,  dividing  veiy 
soon  after  its  origin :  in  Himantidium  pectorale,  Cymbella  Kutzingiaim,  Cocco- 
neis Pediculus,  Cocconeis  Placentula,  Oomphonema  lanceolatum,  Scliizonema 
Orevillii,  Orthosira  orichalcea,  0.  Dickiei,  remarkable  from  the  repeated  throw- 
ing-oflf  of  the  coats  of  the  conjugation-cell,  the  cracked  halves  of  which  clothed 
the  conical  ends  of  the  conjugation-cell  in  shape  of  funnels ;  Orthosira  va- 
rians,  Surirella  Ufrons,  and  a  Navicula  not  speciacally  determined.  Here 
belongs  also  the  only  conjugation  of  a  Diatomacean  that  I  have  seen,  that  of 
Cvclotella  operailaia,  conjugation-cells  of  which,  mth  adherent  empty  coats 
of  the  mother-ceUs,  I  found  abundantly  in  ditches  of  a  mai-shy  meadow  not 
far  from  Leipsic,  in  October  1852.  They  were  not  distingiushable  m  any 
essential  respect  from  the  Cyclotella  Kiitzingiana  figured  by  Thwaites. 
"  Next  to  these  cases  of  the  formation  in  the  firat  place  of  only  one  conju- 
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gation-cell,  come  a  scries  of  observations  in  which  two  new  cells  were  seen 
between  the  empty  conjugated  mother-cells,  without  any  convincing  evidence 
being  offered  of  a  division  of  the  mother-cells  having  occurred  just  before 
conjugation,  as  in  the  cases  hereafter  to  be  mentioned, — where,  rather,  the 
position  of  the  empty  cells  in  relation  to  the  conjugation-cells,  and  the  afiinity 
of  the  forms  in  question  to  some  in  which  the  entii-e  development  has  been 
observed,  render  it  probable  that  the  unicellular  condition  of  the  conjugation- 
cell  has  hitherto  escaped  observation.  In  this  group  are  to  be  counted  Goc- 
conema  lanceolatum,  G.  Cistula,  Gomphonema  dichotomum,  G.  lanceolatum,  G. 
manimm,Achnanthes  longipes,Rliahdonema  arcuatumjColletonema  subcohcerens. 

"  In  a  smaller  number  of  Diatomeffi,  species  of  the  genera  so  nearly  aUied 
together,  Epithemia,  Gymhella,  and  Amphora,  the  conjugation  is  immediately 
preceded  by  a  division  of  the  mother-cells  into  two,  analogous  to  the  division 
of  the  cells  of  Closferium  rostratum  when  about  to  conjugate.  This  division 
is  longitudinal,  taking  place  exactly  as  in  the  vegetative  division  in  Gymbella 
Pediculus,  Amphora  ovalis,  and  Epithemia  Sorex,  but  transverse  and  in  a 
direction  crossing  that  of  the  vegetative  division  in  Epithemia  turyida,  E.  gihha, 
and  E.  verrucosa. 

"  Recent  observations  show  distinctly  that  the  conjugation  of  the  Diatomeee 
agi-ees  in  all  essential  points  with  that  of  the  Desmidieae.  When  a  ceU  is 
about  to  conjugate,  there  is  produced  in  it  a  coat  round  the  entire  contents, 
accurately  lining  the  old  membrane,  but  not  adhering  to  it.  The  growth  of 
this  coat  cracks  the  old  cell-membrane  exactly  in  the  same  way  as  occurs  in 
vegetative  division.  Erom  the  fissure  the  young,  smooth  coat  emerges,  in  the 
form  of  a  vesicle,  and  unites  with  the  similar  striicture  produced  by  a  neigh- 
bouring ceU,  Al.  Braun  thought  it  must  be  assumed,  from  Thwaites's  obser- 
vations, that  the  primordial  utricles  of  the  two  conjugating  Diatomean  cells 
imited ;  but  that  this  is  not  the  case,  and  that  a  soft  and  flexible  cell-mem- 
brane, protruded  from  the  cracked,  rigid,  old  shell,  encloses  the  contents 
destined  to  be  blended  with  those  of  the  neighbouring  cell,  is  distinctly  shown 
by  Smith's  figure  of  Bhabdonema  arcuatum,  and  Carter's  of  Gocconeis  Pedi- 
culus and  Amphora  ovalis.  The  introductory  part  of  the  conjugation  is  dis- 
tinguished in  no  respect  from  the  vegetative  cell-division  in  Epithemia  Sorex, 
Amphora  ovalis  and  Gymhella  Pedicidus,  and,  further,  in  Glosterium  rostratum ; 
in  Epithemia  turgida,  gihha,  and  verrucosa,  only  by  a  different  position  of  the 
waU  dividing  the  mother-ceU  ;  in  the  rest  of  the  Diatomeaj  and  Desmidieffi,  by 
omission  of  the  formation  of  septa,— frequently,  also,  by  one-sided  dehiscence 
of  the  cracked  mother-cell,  whose  shells  remain  still  connected  at  one  side. 

Thwaites's  observations  estabhshed  that  the  cell  produced  from  the  conju- 
gation of  two  ceHs  of  a  Diatomacean,  veiy  soon  after  its  origin,  assumed  the 
torm  ot  the  mother-ceU,  becoming  distinguishable  from  it  almost  solely  by 
bemg  twice  as  large.  Smith  has  endeavoui-ed  to  render  it  probable  that  the 
colomes  of  young  individuals,  enclosed  in  a  cyst,  of  Gocconeis  Gistula,  Gom- 
phonemadichotomicm  and  Synedra  radians,  some  of  which  he  found  associated 
with  conjugated,  ftiU-grown  individuals,  must  have  originated  from  the  divi- 
fflon  of  the  spores  (sporanges  of  Enghsh  authors).  This  hypothesis  has  much 
wW  T  '  ""v  11  P™/'?*  ^''^^^ion  of  our  knowledge,  it  is  inexpUcable 
?ere  i«l  ^T'f.f '  spore-eells  remain.    However  this  may  be, 

^  I  Zrl  A  the  occurrence  of  cysts  of  this  kind.  In  the  same  pools 
dunk  n?  ?^;"^";';  7/?"'^  repeatedly  furnished  me  with  conjugated  indivi- 
veat  V""^^  'I  ^'1*^"^°'  ^  ^  ^'^rfy  spring  of  two  successive 

Jman  !f  ^  °^  ^^^^  ^  great  number  (32  to  40)  of 

Tar^ir^WV  '""T  The  walls  of  these  cells  appeared 

sharply  defined  intemaUy  and  externally ;  the  contents  of  a  thin,  fluid  nature. 
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Structures  similar  to  those  represented  by  Smith,  of  Synedra  radians,  occurred 
in  extreme  abundance  in  the  end  of  the  autumn  of  1854,  in  company  with 
Synedra  Ulna.  Here  the  ccUs,  which,  like  those  observed  by  Smith  in  the 
allied  species,  had  a  diseased  aspect  and  an  abnormal  arrangement  of  the 
coloured  contents,  were  imbedded  hi  a  granular  jelly,  of  a  reddish  colour  by 
transmitted  light.  I  very  much  doubt  whether  these  last  were  in  a  condition 
capable  of  further  development ;  while  in  reference  to  the  cysts  of  Cyclotella 
operculata,  I  share  Smith's  opinion. 

"  The  estabhshment  of  the  assertion  that  the  commencement  of  conjugation 
in  the  Desmidiece  and  Diatomese  is  but  little  distinguished  from  the  com- 
mencement of  vegetative  ceU-division,  renders  some  discussion  of  the  latter 
requisite.    Pringsheim  has  already  directed  attention  to  the  resemblance  of 
this  process  in  the  Desmidieee  to  the  vegetative  cell-multiphcation  of  the 
joints  of  (Edogonium.   In  fact,  it  is  an  absolutely  general  iDhenomenon  in  the 
true  Desmidicffi,  so  far  as  observation  reaches,  that  the  older  parts  of  the 
membrane  of  a  cell  about  to  divide,  do  not,  as  in  other  cases  (for  example, 
in  Zygnemese),  regularly  increase  in  size  with  the  parent-cell  by  growth  in. 
all  directions  ;  but  the  older,  outer  layers  of  the  integument  spHt  open  with 
an  annular  crack  at  the  equator  of  the  cell,  shortly  after  (or  durmg?)  the 
division.   They  still  remain  stickiug  on,  covering  the  ends  of  the  cell  with  a 
thick  envelope,  but  become  removed  gradually  fiu-ther  apart  by  the  interpo- 
sition of  new  ceHulose  between  their  fractured  edges.    The  interposed  new 
coat  is  the  direct  continuation  of  that  which  hnes  the  internal  surface  of  the 
cracked  halves  of  the  old  sheU.    It  is  the  margins  of  the  haK-sheUs  which 
constitute  the  rings,  paraUel  to  the  end-sui-faces,  upon  the  cylindiical  lateral 
surfaces  of  the  cells  of  Hyaloilieca  dissiliens  and  H.  mucosa,  the  wimkled  pro- 
jections of  the  membrane  in  the  middle  of  the  deep  constriction  of  the  cell  of 
Micrastenas  and  the  large  Euastra,  of  the  flat  constriction  of  the  cell  ot 
Doddium,  as  also  the  ring  at  the  equator  of  the  external  surface  of  Closte- 
rium:  in  Closteriimi  and  in  Doddium,  frequently  as  many  as  six  may  be 
counted,— a  phenomenon  which,  in  Doddium  truncatum  and  the  large  C/os- 
tiria,  may  be  recognized  at  first  sight  as  dependent  upon  a  number  of  halves 
of  cracked  cells  regularly  encasing  their  successors. 

"  The  dehiscence  of  the  coat  of  the  dividing  cell  is,  in  aU  observed  cases, 
preceded  by  the  formation  of  the  septum  dividing  the  ceU  into  two  halves 
(Cosmarium  margantiferum).  The  gradual  development  of  this  froni  the 
margin  of  the  ceU-wall  inwards,  as  a  gradually-widening  annular  fold  ot  the 
innermost  layer  of  the  integaiment,  has  not  yet  been  observed,  and  trom 
analogy  with  the  processes  in  (Edogonium,  is  scarcely  probable,  ^ut,  as  m 
(Edogonium,  the  contents  of  the  ceU  may  be  contracted,  before  the  fonnation 
of  the  septum,  into  two  masses,  in  contact,  but  separated  by  a  sharp  hue 
of  demarcation  (two  contracted  daughter-ceUs  imperfectly  cut  oft  ti-om  one 
•another,  still  adhering  together  at  the  place  of  constriction). 

"  Prom  the  half-shells  of  ceUs  of  the  same  Doddium  which  dehisced  under 
the  eve  of  the  obseiwer,  emerged,  within  half-an-hom-,  to  the  extent  oi  ^th  or 
ith  of  the  length  of  the  half-sheUs,  the  daughter- cells,  stiU  mtimately  con- 
nected at  the  point  of  contact.  They  could  henceforth  be  perceived  to  be 
enclosed  by  a  ceHulose  coat,  fii'm  although  deUcate.  Treated  with  reagents 
strongly  extracting  water,  such  as  glycerine,  one  or  both  of  the  extruded 
nieces  frequently  ^ew  back  into  the  halves  of  the  shells  of  the  mother-ceU, 
the  Droiecting  pieces  of  membrane  becoming  doubled  inwards.  The  just- 
eme?gcd  coat^  of  the  daughter- cells  of  DoddAu^n ^  not  take  a  b  ue  colour 
Xn  treated  with  iodized  chloride  of  zinc,  while  the  old  halves  of  the  memr 
brane  of  the  divided  cell  assumed  the  blue  colour  immediately. 
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"  In  Oosmarium  margaritiferum  and  Staurastrum  dejectwm,  it  may  be  easily- 
observed  that  a  slight  elongation  of  the  isthmus,  and  the  formation  of  a  septum 
passing  across  the  middle  of  this,  precede  the  appearance  of  new  half-cells 
in  the  deep  constriction.  It  is  after  the  appearance  of  the  septum  that  the 
old  wall  of  the  mother- cell  breaks  by  an  annular  fissure  exactly  at  the  place 
where  that  septum  is  formed.  The  two  halves  of  the  old  cell- coat  are  then 
separated  by  the  bulging- out  of  the  younger,  inner  layers  of  membrane,  not 
fii-mly  adherent  to  the  old  portions.  The  new  halves  are  at  first  lined  only 
by  protiiided  portions  of  the  peUicle  of  theii"  contents  (outermost  layer  of 
the  parietal  coats  of  protoplasm)  belonging  to  the  older  half-cells  ;  from  the 
moment  only  of  the  dehiscence  of  the  old  cell-coat,  does  a  portion  of  the 
granular  contents  of  the  older  cell-halves  make  its  way  into  the  new  emerging 
halves. 

"  In  hke  manner,  doubtless,  occurs  the  cell-division  of  Micrasterias,  of  the 
large  forms  of  Euastrum,  Cosmarium,  Staurastrum,  and  other  Desmidieoe, 
only  that  they  have  not  been  observed  completely,  because  these  larger  Des- 
midieas  very  seldom  multiply  by  division  out  of  their  natural  stations.  The 
cell-division  of  the  Diatomese  that  have  hitherto  been  observed  in  vegetative 
multipheation,  differs  in  essential  points  from  that  just  described. 

"  When  a  cell  of  Navicula  (Pinnularia)  viridis  is  about  to  divide,  there 
appears  upon  one  of  the  secondary  sides  (front  view  of  English  authors), 
parallel  to  the  primary  sides  (the  furrowed  faces  of  the  cell  having  an  elon- 
gated eUiptieal  outline),  an  annular  rim,  which,  grovsdng  gradually  inwards, 
constricts  the  contents  of  the  ceU  by  an  annular  furrow,  in  a  manner  exactly 
similar  to  that  of  the  commencement  of  cross-division  ia  a  cell  of  Cladoplwra. 
When  a  cell  iu  this  state  is  treated  with  substances  produciug  shght  endos- 
mosis  (for  instance,  a  weak  solution  of  carbonate  of  ammonia),  the  contents 
retract  on  both  sides  from  the  annular  rim,  and  constitute  two  completely 
sepai-ate  cell-like  structures  (halves  of  a  primordial  utricle),  each  of  a  veiy 
long  eUipsoidal  foim,  and  each  lying  close  against  one  of  the  primary  sides 
{faces  of  halves)  of  the  cell.  When  the  aimular  rim  has  grown  inwards  to 
about  the  sixth  part  of  the  shortest  diameter  of  the  cell,  its  development  is 
arrested.  In  natural  conditions,  this  stage  is  succeeded  by  the  retraction  of 
the  primordial  utricle  from  it.  Each  of  these  halves  of  the  ceU-contents 
becomes  clothed,  on  the  side  turned  away  from  the  primary  side  of  the  cell, 
with  a  new  membrane,  which  soon  exhibits  the  first  indications  of  the  pecu- 
liar thickening  ribs  and  nodules  of  one  of  the  primaiy  sides  of  our  Pinnulana. 
The  cell  has  now  completed  its  division.  Seen  from  one  of  the  secondary 
sides  It  contains  two  new  individuals,  equal  to  the  mother-ceH  in  length  and 
breadth,  but  only  possessing  one-third  of  its  thickness.  The  externaUy- 
situated  pnmary  side  of  each  of  them  is  the  old  piimaiy  side  of  the  mother- 
ceU,  to  which  we  must  imagine  the  newly-fomed  membrane  of  the  daughter- 
ceU  closely  adherent  at  aU  points.  Perhaps  the  nan-ow  secondary  sides  of 
iSfof  7.1?  ^'^'^  '^^^^  condition.    But  the  contiguous  primaiy 

sides  of  the  daughter-ceUs  are  totally  new  stractm-es,  which,  developed  rapidly, 
ma  short  time  become  sinular  to  the  old  primary  sides  in  eveiy  part.  The 
Wo  daughter-cells  are  at  first  held  together  by  the  broad  middle  piece  of  the 
f  mother-ceU,  bearing  the  above-mentioned  annular  i-im 
ZShif/f  r*f  ''^  ^^"^  intermediate  space  consist  of  a  transparent  fluid 

PPlt  nl  fl  T''  structures,  doubtless  pm-o  water.  The  two  daughter- 
wbfr.r^„n  ""^^  gradual  '  weathering  '  of  the  zone-membrane 

itSv  i  ^l,  °f  SurireUa  bifrons  takes  place 

nSorJi  111  1  essentiaUy  similar  kind  of  vegetative  multipU- 

cation  is  widely  diffused,  if  not  general,  in  the  Diatomefe.    The  weU-kniwn 
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phenomenon  of  the  formation  of  a  tubular  membrane,  often  impregnated  with 
silex,  and  elegantly  dotted  or  areolated,  connecting  the  two  segments  of 
Isthmia,  Melosira,  &c.,  depends  upon  the  same  process. 

"  An  analogous  case  is  met  with  in  the  fonnation  of  the  spores  of  Pellia 
epipJiylla.    The  mother-cell  here  produces  six  ridges  of  cellulose  projecting 
inward  from  the  internal  wall,  intersecting  at  an  angle  of  60° ;  these  ridges 
grow  in  toward  the  middle  point  of  the  cell,  hke  the  annular  ridge  of  Cla- 
dophora  at  the  commencement  of  cell-division.  When  these  projecting  ndges 
have  attained  the  breadth  of  a  fourth  part  of  the  transverse  diameter  of  the 
mother-cell,  the  cell-contents  divide  into  four  parts,  which,  retracting  from 
one  another  and  from  those  ridges,  occupy  the  four  chambers  of  the  cell,  each 
of  which  is  vaulted  externally  and  bounded  laterally  by  three  of  the  ndges,— 
here  becoming  coated  with  a  membrane  and  developed  into  a  spore,  while  the 
tetrahedral  space  in  the  middle  of  the  ceU,  bounded  by  the  six  ridges,  remams 
fiUed  only  with  watery  fliud.    The  spores  become  free  by  the  solution  of  the 
enveloping  part  of  the  membrane  of  the  mother- ceU.    The  resemblance  ot 
this  process  to  the  vegetative  mxdtiplication  of  Navicula  consists  in  the  mter- 
i-uption  of  the  division  of  the  ceH  by  the  formation  of  septa,  and  the  subse- 
quent completion  of  the  daughter-ceUs  by  secretion  of  membrane  on  the 
external  surface  of  contracted  portions  of  the  contents  of  the  mother-ceil. 
A  deviation  occurs  in  the  circumstance  that  in  Pellia  the  segment  of  the  coat 
of  the  mother-ceU  which  is  in  contact  with  the  external  sui-face  of  the  daughter- 
cell  becomes  dissolved,  while  in  Navicula  it  persists  and  remams  most  inti- 
mately connected  with  the  daughter-ceU.  _ 

"  The  newly-formed  parts  of  the  cell-coat  facing  together  m  the  division 
are  in  the  Diatomeee,  and  stiU  more  clearly  in  the  Desmidiese,  perfectly  smooth 
and  even  for  some  time  after  their  production  ;  it  is  subsequently  that  they 
obtain  the  often  very  considerable  tubercles  and  spines,  consisting  prmcipaJiy 
of  cellulose.  The  same  apphes  to  the  processes  upon  the  outer  integ-ument  ot  tHe 
spores  of  Euastra,  Gosmaria  and  Staurastra  produced  in  the  conjugation,  ihese 
phenomena,  as  also  the  autumnal  secretion  of  jeUy  by  many  of  the  Desnadieae, 
deserve  more  notice  than  they  have  hitherto  attracted  in  connexion  with  ttie 
theory  of  the  hfe  of  the  vegetable  ceU.    Still  more  remarkable  behaviour  is 
displayed  by  the  cell-coat  of  an  organism  which  I  refer  only  doubtfully  to 
the  Desmidie^.   In  many  pools  about  Leipsic,  in  wHch  Desmidieffi  aboimded, 
occurred  large,  accui-ately  spherical,  thick-waUed  ceHs,  some  as  much  as  -Uo 
miUim.  in  diameter,  rich  in  chlorophyU,  wHch  not  only  hned  the  mtemal  waU 
as  a  connected  granular  layer,  but— as  in  many  Desmidicse— fonned  groiips, 
distributed,  in  the  interior  of  the  ceH,  in  a  system  of  radiaHy-ai-ranged  plates 
which  presented  a  steHate  appearance  when  seen  from  the  side,    it  w^ouiQ 
be  no  great  stretch  of  imagination  to  regard  these  cells  as  the  conjugation- 
spores  of  a  large  Desmidiean.    But  these  spores  are  aU  spmy,  with  the  single 
exception  of  those  of  Xanthidium  armatim.    This  very  stnlang  fonn  occurs 
but  rarely  with  us,  having  hitherto  been  found  only  in  a  single  locahty,  while 
these  globules  are  as  common  as  they  are  abundant,  and  are  often  tound  m 
oreat  numbers  in  forest  pools,  which  harbour,  in  adchtion  to  them,  only  \ery 
smaU  Desmidie^.    But  such  a  supposition  is  still  more  decidedly  negataved 
bv  the  circumstance  that  the  cells  in  question  are  sometimes  found  di^ading 
into  two     This  renders  it  in  the  highest  degree  probable  that  they  are^  inde- 
pendent organisms— Desmidiese  without  a  central  constiiction,  which  may 
form  the  commencement  of  a  series  of  fonns  terminating  m  M>crasicr,a,^. 

"  These  ceUs  frequently  appear  sui-rounded  by  a  wider  coat,  mside  whic^  the 
ceU  then  floats  freely,  enclosed  by  its  own  closely-mvcstmg  coat,  feeveitd 
sudi  empty  coats  are  often  met  with,  even  as  many  as  six  sticking  one  mside 
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another.  Close  investigation  shows  that  the  broader  empty  coats  have  an 
oiifice,  towards  the  border  of  which  the  membrane  grows  gradually  thinner. 
These  holes  have  not  the  aspect  of  perforations  of  the  outer  waUs  through 
external  injury ;  they  rather  resemble  the  orifices  of  the  waUs  of  Cladopliora, 
thi-ough  which  the  swarming-spores  escape.  It  might  be  conjectured  that 
the  plant  mxiltipUed  by  swarming-spores,  and  that  solitary  ones  becoming 
developed  inside  the  empty  coat  of  the  mother- cell  gave  rise  to  that  appear- 
ance; but  this  is  contradicted  by  the  great  frequency  of  their  occiu'rence, 
as  also  by  the  circumstance  that  we  never  find  a  number  of  green  cells  inside 
one  ceU-coat.  It  is  more  probable  that  the  contents  of  the  cell  contract,  and 
become  coated  with  a  new  membrane,  when  the  old  one  is  perforated, — by 
unknown  causes,  which  perhaps  lie  in  the  course  of  development  of  the 
species. 

"  If  we  seek  to  bring  the  phenomena  introductory  to  vegetative  cell-mul- 
tiplication under  one  point  of  view  with  the  preparations  for  conjugation,  we 
find  that,  in  the  Desmidiese,  in  both  cases  a  new  membrane  is  formed  around 
the  total  contents  of  the  ceU,  which  indeed  lies  close  upon  the  old  coat  at  all 
points,  but  by  no  means  adheres  to  it,  as  we  are  accustomed  to  conceive  of 
the  so-called  layers  of  thickening  of  the  ceU-wall.  The  growth  of  the  young 
membrane  cracks  the  stronger  old  one — in  vegetative  cell-multiplication 
always  in  an  annular  form,  in  conjugation,  mostly  in  a  one-sided  manner, 
with  a  valve-Hke  slit  {Hi/alotheca  dissiliens ;  Glosterium).  At  this  stage 
first  occurs  a  distinction  between  the  two  processes  of  development, — the 
formation  of  a  septum  taking  place  in  ceU-division,  while  in  conjugation  the 
protruding  part  of  the  young  membrane  continues  to  enlarge  outwards, 
without,  in  many  cases,  any  separation  of  the  contents  into  two  halves  taking 
place.  The  younger,  inuermost  layer  of  membrane  remains  with  that  portion 
lining  the  old  ceU-coat,  sticking  wholly  in  this  in  Hyalotheca,  Bambusina, 
Cosmarium.  But  even  in  individuals  of  species  of  the  last  genus  it  sometimes 
occui-s,  in  Tetmemorus  and  Glosterium  (e.  g.  C.  acutum)  as  a  rule  (although  by 
no  means  without  exception),  that  the  ends  of  the  connected  inner  coats  of 
the  conjugating  cells  draw  themselves  out  of  the  cast-off  shells  of  the  mother- 
cells,  m  extreme  cases  entirely ;  so  that  the  cell  originating  by  the  blending 
of  the  internal  coats  of  two  individuals  (inside  which  the  spore  is  formed) 
becomes  capable  of  being  rounded  off  into  a  sphere. 

"  Both  the  cell-division  and  the  preparation  for  conjugation  of  Zygnemere 
are  dishnguished  from  the  processes  in  Desmidie^  by  the  cii'cumstance  that 
m  the  former  the  waU  of  the  oldest  cells  grows  in  its  entire  mass,  and  does 
slits  yo^ger  layers  of  membrane  to  protrude  thi-ough  fissures  or 

"  In  the  Diatomese,  lastly,  the  division  into  two,  like  the  conjugation,  takes 
place,  seemingly,  in  aU  cases,  through  and  after  a  preparatory  contraction  of 
the  contents  or  separate  portions  of  the  contents  of  the  ceUs  ;  and  in  not  a 
XoT.  J'  ''T^f^^         P^^''  ^""^     accompanied  by,  division 

sLdesZ,         ""t"  '""K  *r  import  for  the  life  of  the 

ZXc^  VXoT^T^^^'.  f  ^g'leme^,  DesmidiesB,  Palmelle^e  (Pal- 
moglcea)  and  Desmidiea)?  Our  knowledge  of  the  race  of  Aleas  so  imnort- 

I'^XtZlt'l'lK  '^'T  ^'J'^-SsLm  and  Cohn,  sLXCwTmole 
Z  frrimaTn  *  *  V  "^'"''^''^  ? ^"1^"^^'-'  the  study  owes 

Wer  I\^rlrn7   """^  ''.r^'''^  *°  '^^^  ^^'^^  «f  soxua,Uty  of  the 

SILvifnon  ^r    P™Pf"y  perfectly  justifiable,  but  still  only 

cental  I  T  p^^  the  observations  made  during  k 

thosTles.  inrn  ^^^"^  ^^^^vauced,  through  the  intei-mediation  of 

those,  less  numerous,  on  the  VasciUar  Ci-5i,togamia  and  Muscine^,  and  the 
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facts  established  in  Fucus  by  experiment  of  artificial  separation  or  union  of 
the  sexes,  to  the  (Eclogonia,  Vaucheria,  8jo7iceroj)lea  and  Volvox.  Pringsheim's 
declaration,  that  physiological  questions  of  such  a  kind  as  the  necessity  of  the 
action  of  the  fecundating  matter  in  generation  can  only  be  certainly  decided 
by  the  obsei-vation  of  morphological  processes,  will  not  be  adopted.  Expe- 
riment has  long  ago  proved  the  existence  of  sexes  in  the  Phanerogamia, 
before  the  penetration  of  the  poUen-tu.be  into  the  ovule,  and  its  relation  to 
the  germinal  vesicle,  had  been  made  out, — observations  which  that  theory 
really  no  longer  required  for  the  establishment  of  its  maiu  question.  And 
if,  among  so  many  confirmatory  experiments,  a  few  negative  results  present 
themselves,  in  what  branch  of  human  knowledge  do  we  not  meet  with  similar 
phenomena  ?    The  general  rules  of  evidence  hold  good  in  such  cases. 

"  The  same  analogies,  then,  which  lead  us  to  recognize  a  fecundation  in 
the  penetration  of  the  spermatic  body  of  (Edogonium  into  the  mother- cell  of 
the  spore,  in  the  mixture  of  that  body  with  the  contracted  contents  of  the 
mother-cell  of  the  spore  (with  Pringsheim's  '  fecimdation-globule '),  must 
necessarily  lead  us  to  regard  conjugation  as  a  fecundation.  It  is  distingmshed 
from  the  process  ru  (Edogonium  only  by  the  fact  that  the  portions  of  ceU- 
contents  which  become  blended  into  one  cell  are  of  equal  size,  and  that  there 
is  not  one  of  them  provided  with  apparatus  by  means  of  which,  like  the 
spermatic  body  of  (Edogonium  by  its  cilia,  it  is  moved  onward  untH  it  reaches 
the  cell  to  be  fecundated,— both  points,  evidently,  of  no  essential  importance. 

"  The  sporangial  frustules  differ  in  general  from  the  parent  forms  not  merely 
in  size  but  also  in  the  number  of  striae  or  of  other  mai'kings,  and  to  some 
shght  degree  in  outUne.  Such  variation,  M.  Thuret  contends,  proves  the  phe- 
nomenon of  conjugation  to  be,  not  a  tree  mode  of  reproduction,  but  only  a 
second  mode  of  multiplication  of  frustules,  very  curious  and  very  abnormal. 

«  In  the  immatme  condition,  we  are  iuformed  by  Mj.-.  Thwaites,  it  happens 
that  the  sporangia  iu  many  species  resemble  in  general  characters  the  mature 
frustules  of  another  species  or  even  of  an  allied  genus.  Thus  the  sporangia 
of  Gomphonema  minutissimum  (XI.  17)  and  of  G.  dichotomum  have  a  close 
resemblance  to  the  frustules  of  Gocconema.  On  the  other  hand,  in  some  genera, 
as  in  Gocconema,  the  sporangia  take  on  at  once  the  exact  characters  oi  the 
ordinary  frustules,  from  wHch  they  differ  only  in  their  exceedmg  that  oi  the 
majority  of  the  latter  in  dimensions.  i  i> 

"When  a  sporangium  in  a  transitional  condition  is  hke  the  frustule  of  another 
eenus.we  are  assisted  in  distinguishing  its  true  natui-e  and  affimty,  oftentimes, 
by  the  persistence  of  the  mucus  difiFused  around  it ;  or  by  continued  observa- 
tion we  may  witness  its  assumption  ultimately  of  its  tree  specific  chai-actere, 
including  the  development  of  its  pedicle  or  stalk,  where  the  possession  ot 
such  an  organ  is  a  characteristic  (as  in  Gomphonema)."     .  .     ,  -  , 

The  above  fact  suggests  it  as  very  probable  that  transitional  forms  have 
been  described  as  particular  species,  or  located  in  wrong  genera.  Ihus  Mr. 
Thwaites  thinks  that  Kiitzing's  Epiihemia  vertagus  is  no  other  than  the 
snorangium  of  Eunoiia  turgida,  and  also  that  the  enlarged  frustules  of  the 
MelosirecB,  which  that  same  writer  had  conjectm-ally  regarded  as  reproductive 
bodies,  are  in  fact  the  sporangial  product  of  conjugation,  and  give  nse  to 
a  chain  of  fnistules  larger  than  those  from  wliich  they  had  themselves 

''The^'^subsequent  history  of;  the  sporangial  fiiistules  on  being  matured  is 
not  satisfactorily  made  out.    Prof.  Smith  has  the  foUo^ang  on  the  question 
(T  M  S  1855  V  131)-—"  The  ordinary Diatomaceous frustule  seems  to  owe 
ts  production  to  the  protoplasmic  content,  of  the  sporangal  ^-^f^f 
by  the  process  of  conjugation.    These  sporangia,  hke  the  seeds  of  higher 
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plants,  often  remain  for  a  long  period  dormant,  and  are  borne  about  by  cm-- 
rents  or  become  imbedded  in  tbe  mud  of  the  waters  in  which  they  have  been 
produced,  until  the  cii-cumstances  necessary  to  their  development  concur  to 
call  them  into  activity.  At  such  times  theii-  sUicious  epiderms  open  to  per- 
mit the  escape  of  the  contained  endochi-ome,  which  is  resolved  into  a  myriad 
of  embryonic  fi-ustules  ;  these  either  remain  free  or  suiTound  themselves  with 
mucus,  foming  a  peUicle  or  stratum,  and  in  a  definite  but  unascertained 
period  reach  the  matui'e  foim  of  the  ordiaary  fnistule,"_when  their  fui'ther 
growth  appears  almost  entii-ely  arrested  by  the  production  of  the  sihcious 
coat,  and  when  multipHcation  by  self-division  provides  for  the  contiuuation  of 
individual  hfe.  To  continue  the  quotation,  "  The  size  of  the  mature  frustule 
before  self-division  commences  is,  however,  dependent  upon  the  idiosyncrasy 
of  the  embryo,  or  upon  the  cii'cumstances  in  which  its  embryonie  growth  takes 
place ;  consequently  a  very  conspicuous  diversity  in  their  relative  magnitudes 
may  be  usually  noticed  in  any  large  aggregation  of  iudividuals,  or  in  the  same 
species  collected  in  different  locahties." 

•  The  behef  that  the  contents  of  the  sporangial  frustules  resolve  themselves 
into  a  '  brood'  of  Diatoms,  having  the  same  form  and  specific  characters  as 
the  origiaal  pai-ent-eeUs,  Prof.  Smith  establishes  by  the  following  observations 
made  by  himself  (Synopsis,  vol.  ii.  p.  xv)  : — "  In  the  gathering  of  C'occonema 
Cistula  made  in  April  1852,  which  contained  numerous  instances  of  the  con- 
jugatiug  process,  I  observed  the  fi-equent  occurrence  of  cysts  enclosing  minute 
bodies  variable  in  their  number  and  size,  and  many  of  which  had  the  outline 
and  markings  of  the  surrounding  forms  and  were  obviously  yoimg  frustules  of 
the  Cocconema.  It  would  appear  that  the  production  of  the  young  frastules 
is  preceded  by  the  separation  and  throwing  olf  of  the  sUicious  valves  of  the 
sporangium  and  the  constriction  or  enlargement  of  its  primordial  utricle, 
according  to  the  number  of  young  frustules  originating  in  its  protoplasmic 
contents.  In  this  gathering,  forms  of  eveiy  size,  iutermediate  between  the 
minutest  frustule  in  the  cyst  and  the  ordiaary  fnistules  engaged  in  the 
conjugating  process,  were  easily  to  be  detected;  and  tlie  conclusion  was 
inevitable,  that  the  cysts  and  their  contents  were  sporangia  of  the  species 
with  which  they  were  associated,  and  indicated  the  several  stages  of  the 
reproductive  process." 

_  Again,  in  a  gathering  of  Synedra  radians,  although  not  found  at  the 
time  in  a  congi-egating  state,  yet  the  appearance  of  the  cysts  and  of  their 
contents  was  equally  characteristic  of  the  reproductive  process.  That  such 
a  "  cystoid  condition  is  one  stage  in  the  normal  development  of  its  reproduc- 
tion," a  subsequent  examination  in  a  distant  locaUty  satisfied  him. 

The  prosecution  of  this  inquiry  into  the  final  changes  of  the  sporangial 
frustules  is  seriously  impeded  by  the  dissolution  of  the  investing  mucus  and 
the  consequent  dispersion  of  the  reproductive  bodies. 

_  Thirty-two  species  of  the  Diatomeae  have  been  observed  in  the  act  of  con- 
jugation belonging  to  the  genera  Epithemia,  Cocconeis,  Cocconema,  Cymhdla, 
LycloteUa,  Umphoncma,  Himantidium,  Achnanthes,  llhabdonema,  Melosira, 
JSaviciUa  burirella,Ampliora,  Orthosira,  Emyonema,  CoUetonema,  andScJiizo- 
«ema  Un  this  paucity  compared  with  the  number  of  known  genera,  Prof, 
bmitti  has  the  foUowmg  explanatoiy  remarks  (Synops.  ii.  p.  xi) :— "One  reason 
lor  tnc  paucity  ot  observations  on  this  process  in  the  Diatomea?  is  no  doubt  to 
De  toimd  in  the  changes  which  usuaUy  take  place  in  the  condition  of  these 
organisms  at  this  penod  of  their  existence.  During  conjugation  the  progress 
01  seii-oivision  IS  arrested,  the  general  mucous  envelope  or  stratum  produced 
aunng  seJl-division  is  dissolved,  and  the  conjugating  pairs  of  fnistules  become 
tietacnea  trom  the  ongmal  mass ;  they  are  thus  more  readily  borno  .away  and 
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dispersed  by  the  smTOimding  currents  or  the  movements  of  ■worms  and  in- 
sects, and  their  detection  becomes  in  consequence  more  casual  and  difficult. 
By  far  the  greater  number  of  the  species  I  have  mentioned  belong  to  those 
genera  whose  frustules  are  adherent,  or  attached  by  stipes  to  foreign  bodies, 
or  which  form  continuous  filaments  or  aggregated  frondose  expansions.  Not 
more  than  four,  viz.  Cydotella  Kiitzingiana,  Navicula  firma,  Amphora  ovalis, 
and  Cymhella  PecUculus,  are  to  be  regarded  as  free  forms :  the  reason  I  have 
jiist  given  will  account  for  this  cii-cumstance ;  and  the  larger  proportion  of 
adherent  or  frondose  species  detected  in  conjugation  may  doubtless  be  ascribed 
to  the  firmer  position  conferred  upon  such  forms  by  the  presence  of  these 
accessory  methods  of  attachment  and  adhesion,  while  the  filamentous  species, 
being  usually  aggregated  in  considerable  masses  or  entangled  amidst  the 
branches  of  the  larger  Algae,  are  also  less  hable  to  dispersion." 

Another  mode  of  development,  first  pointed  out  by  Mr.  Ealfs  in  his  early 
contributions  to  the  history  of  the  Diatomese  {A.  H.  1843),  by  an  internal 
gemmation  or  production  of  cells  approaching  in  physiological  features  to 
self-division,  appears  to  prevail  in  at  least  some  instances.  It  is  alluded  to  by 
Prof.  Smith,  when  speaking  of  the  Meridion  circulare  {op.  cit.  7).  He  met  with 
a  variety  of  frustules,  which  upon  a  close  examination,  especially  in  a  hving 
state,  led  him  to  the  conviction  "  that  the  appearance  of  a  double  wall  of  silex 
is  owing  to  the  formation  within  the  original  frustule  of  a  second  perfect  cell, 
instead  of  the  usual  mode  of  division  by  which  the  original  frustule  is  divided 
into  two  half-new  cells ....  In  the  present  case,  the  central  vescicle  or  cyto- 
blast  becomes  enlarged  without  division,  and  secretes  on  its  extension  two 
new  valves,  which  are  pushed  outwards  until  they  lie  in  close  approximation 
with  the  original  valves.  This  process  is  not  always  repeated  ;  the  usual  mode 
of  self-division  again  recurs,  and  two  valves  are  formed  in  the  interior  of 

this  new  cell  according  to  the  normal  method  This  unusual  method_  of 

development  is  not,  however,  sufficiently  constant  to  warrant  the  separation 
of  such  frustules  from  the  species  in  which  it  occurs,  perhaps  hardly  sufficient 
to  constitute  a  variety,  as  frustules  in  both  the  ordinary  and  abnonnal  states 
may  be  met  with  in  the  same  gathering  and  even  in  the  same  filament." 

Himantidium  SoleiroUi  is  another  species  producing  internal  cells,  which 
Prof.  Smith  quoted,  remarking  that  he  had  no  doubt  it  is  merely  an  accidental 
modification  of  ceH-growth,  since,  in  the  same  filament,  cells  thus  formed  may 
be  frequently  found  along  with  others  following  the  normal  mode  of  self-diyi- 
sion.  In  Odontidiwm  anomalum,  this  variety  is  in  fact  the  usual  condition 
of  the  frustules,  and  the  ordinary  mode  of  self-division  is  but  rai-ely  to  be 
met  with.  A  remarkable  instance  of  this  abnormal  development  presented 
itself  to  Prof.  Smith  in  AcJmanthes  subsessilis,  in  which  "  the  formation  of  a 
cell  interior  to  the  original  one  had  proceeded  thimigh  several  successive 
stages,  and  the  result  is  a  compound  frustule,  consisting  of  the  mother-ceU 
and  a  number  of  included  cells,  each  successive  development  being  embraced 
by  the  others  previously  formed." 

Mr.  Ealfs  has  recently  (/.  M.  S.  1857,  p.  14)  recim-ed  to  the  subject  of  this 
plan  of  reproduction,  and  has  found  liimself  obUged  to  differ  fi-om  Prof.  Smith 
in  some  pari;iculars.  He  writes  :  "  Although  it  is  tine  that  '  we  frequently 
find  in  the  same  filament  cells  thus  formed,  and  others  foUowmg  the  normal 
mode  of  growth,'  as  I  formerly  showed,  yet  I  cannot  agree  to  Prof.  Smith  s 
statement  under  Himantidium  SoleiroUi,  that  '  there  is  no  doubt  of  its  bemg 
merely  an  accidental  modification  of  ceU-growth.'  On  the  contraiy,  I  believe 
it  to  be  a  reproductive  state  of  the  species,  and  consequently  to  have  a  defiiute 
and  important  part  in  their  economy.  ,   ,  ,     .        ,  .  j 

«  For  several  years  I  have  attentively  watched  the  circumstances  connected 
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wth  the  formation  of  these  inner  cells  in  Hhnantidium  undidaium,  by 
gatheiing  specimens  at  short  inteiTals.  During  great  part  of  the  winter,  the 
filaments  increase  in  bulk,  by  repeated  division  of  the  frustules,  untH  they 
form  large  masses,  filling  the  ditches ;  at  length  the  inner  cells  make  their 
appearance,  at  fii'st  spaiingly ;  but  as  spring  advances,  it  is  difiiciilt,  in  many 
situations,  to  obtain  a  filament  without  them.  I  have  found  that  when  these 
become  abundant,  the  filaments  cease  to  grow,  and  the  entire  mass  soon  breaks 
up  and  disappears.  The  same  thing  happens  in  the  other  species  of  Htman- 
tidixmn,  and  in  Meridion. 

"  I  do  not  find  that  the  ioner  cell  commences  in  the  centre  and  pushes  its 
valves  outwards,  as  stated  by  Prof.  Smith.  Were  this  the  case,  the  internal 
matter  also  would  necessarily  be  pushed  outwards  by  the  advancing  valves, 
and  thus  condensed  between  them  and  the  walls  of  the  fiiistule.  On  the 
contrary,  iu  the  Himantidium  the  internal  matter,  before  nearly  fluid,  collects 
withiu  the  new  cell,  becomes  dense  and  more  granular,  and  the  new  walls  are 
formed  round  it  in  the  situation  they  are  to  occupy,  leaving  an  empty  space 
between  them  and  the  walls  of  the  frustule. 

"  The  alteration  and  condensation  of  the  colouring  matter,  and  the  ap- 
pearance, or  at  least  great  iucrease  of  vesicles,  have  a  strong  resemblance  to 
what  takes  place  previous  to  the  fonnation  of  sporangia,  the  completion  of 
which,  as  iu  this  case,  usually  preludes  the  death  and  disappearance  of  the 
mass. 

"  As  in  most  acknowledged  sporangia,  the  cell  thus  formed  always  tends 
to  assume  an  oval  or  orbicular  form.  It,  however,  is  very  fi'equently,  and 
perhaps  generally,  divided  in  halves,  as  in  the  fission  of  the  fn,istiiles,  so  that 
the  oval  seems  made  up  of  two  neighboming  frustules ;  but  this  is  not  the 
case,  as  may  readily  be  ascertaiued  by  noticing  the  marginal  puncta  of  the 
original  frustule. 

"  Do  these  newly-constituted  cells  ever  continue  to  divide,  as  Prof.  Smith 
supposes  ■?  I  beheve  not ;  at  least  I  have  never  seen  a  specimen  in  which 
the  semi-elliptic  portions  were  separated  by  the  interposition  of  other  valves 
resembhng  either  themselves  or  those  of  the  ordinary  fnistule.  For  my  own 
part,  I  have  been  unable  to  trace  the  species  after  the  formation  of  these  cells, 
owing  to  the  quickly  succeeding  disappearance  of  the  mass.  If,  indeed,  this 
renewed  division  does  occur,  the  resemblance  to  what  takes  place  in  the 
sporangia  of  some  species  of  Melosira  would  be  increased, 

"  Prof.  Smith,  in  his  most  interesting  and  valuable  account  of  the  '  Eepro- 
duction  in  the  Diatomaceae,'  enumerates  four  modes  in  which  sporangia  are 
formed.    The  third  is  thus  defined  : — 

"  '  The  valves  of  a  single  frustule  separate ;  the  contents,  set  free,  rapidly 
increase  in  bulk,  and  finally  become  condensed  into  a  single  sporangium.' 

"  As  far  as  regards  the  Melosira  varians,  the  only  one  in  this  group  which 
I  have  had  an  opportunity  of  noticing,  I  believe  the  process  is  essentially  the 
same  as  m  the  examples  already  described.  The  only  difference  is,  that  the 
new-formed  ceU  being  inflated,  and  much  larger  than  the  original  fnistaile, 
the  valves  of  the  frustule  must  necessarily  be  either  ruptured  or  pushed  apart 
by  the  mcreasmg  groAvth  of  the  sporangium,  and  the  latter  alternative  happens. 

"  ^0  specimen  of  Mr.  BrightweU's  ChcKtoceros  Wic/hamii,  but 

Irom  his  figures  I  beheve  the  goniothecia-hkc  bodies  constitute  another 
example  of  the  formation  of  internal  cells. 

"  I  have  said  that  I  consider  these  internal  cells  sporangia,  and  essentially 
ot  the  same  nature  as  the  inflated  ones  of  Melosira  varians.  At  the  same 
time  we  should  not  forget  that  Mr.  Thwaites  discovered  the  Himantidium 
pectmale  m  a  ti-uly  conjugated  state,  and  that  it  is  contraiy  to  our  experience 
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of  the  economy  of  nature  that  the  same  result  should  be  obtained  in  the  same 
species  in  two  different  ways." 

M.  Focke  has  satisfied  himself  of  the  reproduction  of  some  species  of  Navi- 
culce  {A.  N.  H.  1855,  237)  by  a  strange  complication  of  the  phenomena  of 
"  alternation  of  generation"  and  conjugation.  Navicula  hifrons,  for  example, 
forms,  he  says,  by  the  spontaneous  fission  of  its  internal  substance,  spherical 
bodies  which,  like  gemmules,  give  rise  to  Surirella  microcora.  These  by 
conjugation  produce  N.  splendida,  which  gives  rise  to  N.  hifrons  by  the  same 
process.  This  last  act  of  gemmation  has  been  observed  by  the  author  in  aU. 
its  phases.  He  saw  two  specimens  of  N.  splendida,  enveloped  in  a  sort  of 
mucosity,  open  and  evacuate  the  whole  of  their  contents,  which  sei-ved  to  form 
a  N.  hifrons.  The  production  of  the  reproductive  bodies  by  the  latter  was 
also  obsei-ved ;  but  their  development  into  Surirella  microcora,  and  the  pro- 
duction of  N.  splendida  by  conjugation,  rest  solely  on  the  inductions  of  the 
author. 

These  facts  require  revision  and  confirmation,  but  they  are,  nevertheless, 
worthy  of  the  attention  of  observers,  and  appear  to  point  to  phenomena  quite 
as  singular  as  those  which  have  been  revealed  to  us  within  the  last  few  years 
by  the  study  of  the  reproduction  of  so  many  of  the  lower  animals.  They,  in 
fact,  present  in  a  manner  the  converse  of  the  phenomena  exhibited  ia  the 
ordinary  alternation  of  generation,  as  several  germs  or  eggs  are  necessary  for 
the  production  of  the  last  individual  of  the  cycle. 

Kiitziug  has  surmised  the  existence  of  another  mode  of  development,  viz. 
by  germs  or  spores  prepared  from  the  gonimic  contents  of  the  fmstules.  This 
method  of  propagation  was  indeed  comprehended  in  Ehrenberg's  doctrine  that 
much  of  the  granular  contents  were  ova ;  an  hypothesis  started  rather  to  briag 
the  structure  of  the  Diatomeae  in  accordance  with  the  generally  assumed  poly- 
gastric  organization,  than  to  explaru  any  observed  phenomena,  complicated  as 
it  also  was  with  other  suppositions  of  fecundating  male  glands  or  seminal 
vesicles  and  a  sexual  discharging  orifice. 

Eabenhorst  (Siisswasser-Dicdom.  p.  3)  has  followed  up  Kutzmg  s  suggestion, 
and  affirms  that  the  fi-ustules  of  Diatomeae  sweU  up  in  a  vesicular  manner 
and  become  filled  with  a  greater  or  less  number  of  cells,  which  at  first  have 
an  irregailar  figaire,  but  subsequently  assume  a  regular  oval  shape.  _  This 
haviug  happened,  the  cells  move  in  a  current  from  right  to  left  within  the 
cavity  of  the  parent-ceU,  which  by-and-by  spHts  open  and  emits  its  progeny, 
each  of  which  has,  at  an  anterior  clear  space,  two  long  projectmg  cilia.  For  a 
very  short  time  these  germs  enjoy  a  swarming  movement,  and  afterwards,  on 
becoming  stationary,  attain  with  extreme  rapidity,  or  even  sui^ass,  tbe  size  of 
the  parent-cell,  which  is  itself  destroyed  in  the  act.  This  plan  of  reproduc- 
tion by  the  development  of  a  brood  of  young  organisms  mthin  a  parent-ceU, 
or  iu  more  technical  terms,  this  formation  of  active  gomdia  (microgomdia), 
prevails  in  many  of  the  lower  AlgiB,  and  consequently  has  no  d-prwri  argu- 
ment against  it.  However,  as  Prof.  Smith  remarks,  "  Its  occiuTonce  m  the 
Diatomea;  cannot  be  received  as  estabUshed  without  fiu-ther  obsei-vation  and 
a  more  careful  record  of  the  phenomena  attending  its  progress "  (op.  cit. 

vol.  ii.  p.  xvii).  ^  ,  .       ^  •  c 

Eabenhorst  has  iUustrated  this  mode  of  development  m  only  one  species  of 
Melosira,  although  ho  puts  it  forward  m  a  general  manner  as  if  tme  ot  ail 
the  Diatomea;.  Indeed  it  occurs  to  us  that  it  is  not  a  special  and  othenTOC 
unobserved  process  of  reproduction,  but  merely  that  vanety  of  the  act  of  con- 
jugation dcsciibed  by  Mr.  Thwaitcs  in  the  genus  Melos^>^a,  m  which  a  change 
in  the  endochromc  of  a  single  fnistule,  attended  by  an  increase  of  contents 
and  a  consequent  enlargcmont-such  as  is  intimated  m  Rabenhoi-st  s  account- 
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converts  it  into  a  sporangium.  Beyond  this  stage,  Mr.  Thwaites  docs  not 
appear  to  have  followed  the  sporangial  frustule  so  generated  ;  but,  assuming 
the  con-ectness  of  Prof.  Smith's  hypothesis  of  the  generation  and  subsequent 
evolution  of  numerous  minute  fnistules  within  it,  do  we  not  find  a  precisely 
analogous  phenomenon  with  that  which  Eabenhorst  represents  as  an  addi- 
tional mode  of  propagation,  or  with  what  Pocke  (see  preceding  page)  describes 
as  the  foi-mation  of  gemmules  out  of  the  internal  substance,  and  their  sub- 
sequent dischai-ge?  The  supplementaiy  phenomenon  of  alternation  with 
change  of  specific  form,  included  ia  the  statement  of  the  latter  observer,  even 
if  confii-med,  will  not  afl'ect  the  general  analogy  presumed. 

Habitats. — Appearance  in  masses,  abundance,  geographical  distribution. 
— Fossil  Diatomece. — Existence  in  the  atmosphere. — Practical  uses  and  appli- 
cations  of  the  Diatomece. — The  habitats  and  the  distribution  of  the  DiatomeiE, 
both  in  time  and  space,  are  the  most  extensive,  various,  and  wide,  of  all 
organic  beiugs.  In  fresh,  in  salt,  and  iu  brackish  waters  they  are  alike  found ; 
they  exist  abundantly  ia  a  hviug  state  about  the  roots  of  plants  and  diffused 
in  moist  earth  ;  they  are  also  to  be  met  with  ra  the  dust  of  the  atmosphere 
and  iu  meteoric  products.  They  are,  ia  fine,  inhabitants  of  earth,  air,  and 
water.  When  no  longer  ahve,  their  silicious  skeletons  preserve  their  form 
and  constant  characters,  uninjured  by  most  of  the  causes  which  obliterate 
the  remaias  of  other  living  beiags.  They  are  so  preserved  in  most  of  the 
rocks  above  the  oldest  primary — ^ia  all,  iadeed,  in  which  iatense  heat  has  not 
operated  to  fuse  sOica  iato  a  molten  mass.  At  the  present  day  they  are 
ejected  from  the  bowels  of  the  earth  in  the  lava,  ciaders,  and  ashes  of  vol- 
canos,  and  are  borne  about  by  the  winds  from  one  continent  to  another  in 
showers  of  dust. 

In  respect  of  habitat,  the  Diatomese  are  divisible  iato  marine  and  fresh- 
water species ;  some  iadeed  are  common  to  both  fresh  and  salt  water,  or 
exist  in  brackish  water.  The  following  account  of  the  habitats  of  Diatomete, 
illustrated  by  reference  to  particular  examples,  is  from  the  experienced  pen 
of  Mr.  Ealfs,  who  has  supplied  us  vnth  it : — 

"  The  Diatomese  may  be  obtained  at  aU  seasons  of  the  year,  but  are  most 
plentiful  ia  spring  and  summer,  many  of  them  iadeed  beiag  limited  to  that 
period ;  thus  the  species  of  Micromega  and  Schizonema  are,  with  few  excep- 
tions, ia  perfection  only  in  May  and  June,  when  they  are  met  with  in  shel- 
tered situations,  forming  wide  patches  on  the  ground  and  on  the  flat  surfaces 
of  rocks  exposed  at  ebb-tide.  About  the  end  of  May  the  Miteromorpha 
compressa,  so  common  on  our  shores,  often  seems  as  if  faded  at  the  end ;  this 
appearance  is  frequently  accompanied  by  the  presence  of  Orammonema  Jur- 
gensii,  which  is  easUy  recognized  by  its  slippery  feel,  when  from  its  pale 
colour  it  would  otherwise  escape  detection. 

"  At  aU  seasons  of  the  year,  the  smaller  and  more  slender  Algjc,  maiine 
and  freshwater,  as  soon  as  they  attain  maturity,  become  ahnost^iavariably 
covered  with  parasitic  Diatomeae,  which  impart  to  them  a  brownish  coloui-. 
In  this  way  we  obtain  species  of  Cocconeis,  Achnanthes,  Striatella,  TabcUaria, 
(^ammatophora  Isthmia,  Gomphonema,  Podosphenia,  Rhipidophora,  and 
bynedra.  On  the  contraiy,  Amphitefras  and  Bkldidphia  prefer  the  muddy 
crevices  in  the  sheltered  sides  of  perpendicular  rocks. 

"  In  salt  marshes  we  may  expect  to  find  the  Achnanthes  suhsessilis  on  the 
Slender  Waments  of  Enteromorpha,  but  so  sparingly  as  liarcUy  to  discolom- 
tnem.  iho  species  of  Epithemia  are  parasitic  on  Cladophora:\wt\\  in  brackish 
and  m  freshwater  pools.  The  Melosira;  are  common  in  marshes,  especiidly  at 
the  mouths  of  large  rivers,  where  they  form  Conferva-like  brownish  masses. 
Many  ot  the  unattached  DiatomesD  are  produced  in  dark  brown  patches 
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at  the  bottom  of  pools,  or  on  the  surface  of  mud ;  the  freshwater  species 
often  by  the  road-side  ;  the  marine  forms  usually  near  high-water  mark.  Am- 
phipleura  injiexa  and  A.  scalaris  congregate,  in  large  broAvn  stains  or  spots, 
on  the  muddy  sides  of  rocks,  whilst  other  species,  for  instance  Campylodiscus, 
and  Coscinodiscus  concinnus,  form  similar  coUections,  but  prefer  more  shady 
situations. 

"  The  sides  of  ditches  in  brackish  marshes  are  very  prolific,  especially  after 
spring-tides,  and  in  situations  not  again  covered  until  the  next  high-tides. 
We  may  expect  to  gather  in  such  places  species  of  Surirella,  Navicula,  Plm- 
rosigma,  Ceratoneis,  Amphiprora,  Amphora,  &c.  The  soil  about  the  roots  of 
rushes  and  of  other  plants  inhabiting  salt  marshes  often  afford  interesting 
forms,  but  seldom  in  abundance.  We  find  there  species  of  Coscinodiscus  and 
of  Zygoceros ;  but  such  are  obtained  more  abundantly  from  the  mud  or  from 
the  washings  of  bivalve  shells  brought  up  from  deep  water  or  collected  at  the 
mouths  of  rivers.  Oyster-beds  are  in  general  productive.  The  Bacillaria 
paracloxa  inhabits  ditches  in  which  the  water  is  nearly  fresh,  and  is  frequently 
obtainable  from  the  scum  driven  from  the  surface  to  the  banks. 

"  Few  DiatomesB  are  peculiarly  autumnal ;  we  have,  however,  gathered 
Homceocladia  Martiana,  BerJceleya  fragilis,  DicJcieia  pinnata,  and  Striatella 
unipvnctata,  chiefly  at  that  season. 

"  On  warm  summer  days,  Diatomese,  vdth  various  microscopic  Algae  and 
Fungi,  rise  to  the  surface  of  water  by  the  disengaged  oxygen  gas  still  ad- 
hering to  them  and  buoying  them  up,  and  there  form  a  delicate  film  or  a 
scum,  and  at  times  even  a  layer  of  considerable  thickness.  Such  collections 
are  rich  in  species  of  Navicula,  Cymbella,  Surirella,  and  Synedra.^  When  an. 
entangled  larger  mass  is  formed,  there  is  usually  one  prevailing  species. 
Specimens  of  Fragilaria  are  generally  found  on  decaying  wood  or  leaves, 
or  amongst  Conferva  diffused  in  the  water.  From  the  drainings  of  Splmgnum 
may  often  be  obtained  Sijnedra  biceps  and  various  species  of  Himantidium. 
Boggy  soU,  especially  when  situated  on  a  slope,  affords  various  species  of  Epi- 
themia  and  Navicula ;  so  likewise  does  the  soft  matter  on  rocks  on  which  water 
constantly  trickles.  Washings  from  oysters  and  the  refuse  raised  by  trawlers 
are  usually  rich  in  spheres  of  Coscinodiscus,  Actinoptychus,  Pleurosigma,  Di- 
ploneis,  Navicula,  Dictyocha,  &c.  The  same  kind  of  washings  from  sheltered 
harbours  give  Surirella  fastuosa,  Auliscus  sculptus,  together  with  species  of 
Campylodiscus,  Triceratium,  &c.  Washings  of  corallines  are  likevrise  some- 
times productive." 

Mr.  Norman  supphes  us  with  the  following  hints  :— "  The  most  interestmg 
forms  occur  in  salt  water,  especially  in  shallow  lagoons,  saltwater  marshes, 
estuaries  of  rivers,  pools  left  by  the  tide,  &c.  Their  presence  in  any  abun- 
dance is  shown  by  the  colour  they  impart  to  the  aquatic  plants  they  are 
attached  to ;  or  when  found  on  mud,  by  the  yellowish-brown  film  they  form 
on  the  surface,  and  which,,  if  removed  with  a  spoon  without  disturbing  the 
mud,  will  be  found  a  very  pure  deposit. 

"  Such  collections  are  best  put  at  once  in  bottles,  or  even  partiaUy  dried 
and  wrapped  in  pieces  of  paper  or  tin-foil.  When  placed  in  bottles,  a  few 
drops  of  spirit  are  advantageously  added.  In  all  cases  it  is  essential  that  the 
locality  whence  obtained  should  be  plainly  written  on  each  package.  Capital 
gatherings  are  obtainable  by  carefully  scraping  the  brownish-coloured  layer 
from  mooring-posts,  or  the  piles  of  wharfs  or  jetties. 

"  In  clear  running  ditches,  the  plants  and  stones  have  often  long  strcamera 
of  veUowish-brown  slimy  matters  adhering  to  them,  gcneraUy  composed  abnost 
whollv  of  filamentaiy  species.  The  layers  of  Diatomaceous  fronds  on  the 
surface  of  mud  are  often  covered  with  bead-Hke  bubbles  of  oxygen,  which 
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from  time  to  time  rises  to  the  smfacc  of  the  water  and  carries  up  with  it 
some  of  the  deposit  in  the  fonn  of  a  scum,  which  gets  blown  to  leeward,  and 
may  be  readily  collected  from  the  edge  of  the  pond  quite  free  from  particles 
of  mud  and  other  impiuities. 

"  Good  and  rai-e  specimens  have  been  obtained  from  the  stomachs  of  Ho- 
lothm-idfe  and  other  Mollusca  which  inhabit  deep  water,  and  are  often  thrown 
on  shore  after  severe  gales  of  wind.  These  animals  may  be  merely  dried  and 
presei-ved  just  as  found,  and  the  contents  of  the  stomach  obtained  afterwards 
by  dissection.  Shells  and  stones,  covered  with  seaweed,  &c.,  from  deep  water, 
also  afford  most  interesting  and  little-known  forms.  The  rougher  these  are, 
the  better  (they  ought  by  no  means  to  be  cleaned).  Deep-sea  soundings 
(especially  those  from  great  depths)  should  be  preserved ;  for  they  are  often 
exclusively  Diatomaceous. 

"  Very  rare  species  have  often  been  formed  in  immense  quantities  in  the 
arctic  and  antarctic  regions  by  melting  the  '  pancake  ice,'  rendered  brownish 
by  these  microscopic  shells.  The  sea  is  also  often  observed  discoloured  with 
brownish  patches,  which  shovdd  be  collected,  and  the  water  filtered  through 
blotting-paper  or  cotton  wool :  the  residuum  will  frequently  tiirn  out  to  be 
composed  of  Diatomese.  It  is  also  highly  interesting  to  collect  and  examine 
the  impalpable  dust  which  occasionally  falls  into  the  folds  of  the  sails  of  ships 
at  sea." 

Scallops  and  other  Mollusca  often  contain  rich  and  rare  collections  in  their 
stomachs.  In  Ascidia  (e.  g.  Phallusia  sulcata,  Ascidia  mentula)  Mr.  Norman 
and  the  Rev.  E.  Cresswell  found  an  abimdant  source.  Mr.  Norman  adds,  in 
a  further  note  kindly  sent  us — "  The  Ascidians,  whose  stomachs  are  almost 
always  so  loaded  with  Diatomaceous  frustules,  are  to  be  found  abundantly 
on  the  shells  of  oysters  di-edged  in  deep  water,  and  readily  procm-able  from 
the  trawlers. 

"  The  Salpce  (found  so  abundantly  floating  on  the  surface  of  the  sea  in  warm 
latitudes)  afford  very  pure  gatherings.  The  roots  of  the  various  species  of 
mangrove,  growing  in  the  dense  swamps  of  rivers  and  estuaries  in  the  tropical 
regions  of  Africa,  Australia,  and  the  Eastern  Aixhipelago,  are  said  to  be  fre- 
quently covered  with  a  brownish  mucous  slime  very  rich  in  Diatomese.  I 
have  also  obtained  very  pure  gatherings  from  the  roots  of  the  Dutch  rushes, 
as  imported,  and  from  the  Zostera  marina  from  the  Baltic,  used  for  stuffing 
beds,  &c.,  by  upholsterers.  Stones,  moreover,  brought  as  ballast  from  abroad, 
will  amply  pay  the  diligent  collector  by  yielding  foreign  and  perhaps  rare 
species.  The  roots  of  aquatic  plants  from  tropical  countries,  stored  in  her- 
baria, would,  if  properly  examined,  yield  many  interesting  forms  of  Diatoms." 

Indeed  we  may  add,  generally,  that  the  roots  of  land  plants,  particularly 
of  mosses,  hchens,  &c.,  growing  around  trees  on  the  ground,  or  upon  them, 
are  fiiiitful  in  DiatomciB,  and,  in  fact,  of  some  of  the  rarer  fonns.  In  the 
Number  of  the  Microscopical  Transactions  just  pubhshcd  (July  1858,  p.  79), 
Col.  Baddcley  notes  the  occurrence  of  Diatoms  in  considerable  numbers  in 
the  Noctiluca  mtliaris.  They  are  the  chief  constituents  of  a  mass  of  dark 
matter  near  the  nucleus,  and  lie  in  the  so-caUed  vacuoles,  into  which  they 
enter  trom  the  mouth.  This  occm-rcnce  suggests  an  easy  method  of  obtaining 
fhfferent  manne  species  of  Diatomeas  in  their  natural  state,  often  aUve,  and 
with  their  endochrome  perfect.  The  Colonel  discovered  in  this  way  several 
rarer  species  and  gives  a  list  of  nearly  50  which  he  identified,  besides  not  a 
tew  torms  ot  whose  true  name  he  was  uncertain.  To  extract  the  Diatoma- 
ceous mass  from  the  interior  of  the  Noctilucce,  Col.  Baddeley  recommends 
that  the  seawater  and  its  Uving  freight  ho  poured,  on  arriving  home,  in  a 
white  hand-basm,  and  be  let  stand  for  an  hour  or  two.    "  This  rough  treat- 
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ment  causes  these  creatures  to  disgorge  their  food ;  and  if,  after  an  interval, 
the  water  be  carefully  i^oured  off,  a  sediment  will  be  found  at  the  bottom, 
which  will  consist  of  Diatoms  mixed  with  some  refuse." 

Dr.  Donldn  lately  {T.  M.  S.  1858,  p.  11)  called  attention  to  the  occurrence 
of  that  rare  form,  Syndendrium  diadema,  in  the  stomach  of  the  lobster,  and 
in  a  subsequent  paper  {op.  cit.  p.  14)  alludes  to  the  abundant  deposit  of  hving 
Diatoms  upon  the  sands  at  the  sea-side,  in  the  following  paragraph: — 
"  Professor  Smith  states  that  '  the  shallow  pools  left  by  the  retiring  tide  at 
the  mouths  of  our  larger  rivers '  are  the  favourite  habitat  of  marine  species. 
But  such  localities  I  have  found  not  to  be  half  so  prolific,  in  species  as  the 
sands  of  still  bays,  07i  the  shore,  luhere  they  are  exposed  by  the  reflux  of  the 
tide,  at  a  distance  correspoyiding  ivith  the  half-tide  margin.  In  these  places, 
where  the  sands  are  sloping  towards  the  sea,  and  grooved  out  into  small 
furrows,  fiUed  Avith  salt  water  ooziug  out  from  behind,  the  abundance  of 
Diatoms  aggregated  into  a  living  mass  imparts  to  the  surface  of  the  sand 
different  hues  of  chestnut  and  ohve,  the  difference  of  colour  being  due  to 
the  natui-e  of  the  species  present.  These  coloured  patches,  it  is  interesting 
to  observe,  are,  during  the  sunshine,  studded  with  numerous  minute  air- 
bubbles,  undoubtedly  given  off  by  the  Diatoms  themselves. 

"  To  separate  the  Diatoms  thus  detected,  from  the.  surface  of  the  sand,  I 
found  to  be  impossible.  I  therefore  seized  hold  of  the  nearest  bivalve  shell 
which  happened  to  he  in  the  way,  and  with  this  I  carefully  scooped  up  the 
surface  of  the  coloured  sand.  This  I  emptied  into  a  wide-mouthed,  stoppered 
bottle,  capable  of  holding  eight  ounces,  until  half  full ;  the  other  haK  of  the 
bottle  I  filled  up  with  salt  water.  I  then  shook  the  whole  briskly  and  allowed 
the  bottle  to  stand  for  a  short  period.  The  sand,  being  composed  entu^ely  of 
fine  round  grains  of  quartz  and  the  minute  fragments  of  shells,  settled  at  the 
bottom  in  a  few  seconds,  leaving  the  Diatoms  all  suspended  in  the  water 
above,  and  forming  by  their  abundance  a  chestnut-coloui-ed  cloud,  but  not 
more  than  1  part  in  1000  of  the  whole  sand  coUected.  The  coloured  water 
was  then  poured  into  another  bottle,  and  formed  the  gathering,  while  the 
sand  was  thrown  away.  The  Diatoms,  in  their  tiun,  were  separated  fi'om  the 
supei-fluous  water  by  subsidence,  and  brought  home  in  l|-oz.  bottles.  In  this 
manner  I  soon  found  that  any  quantity  could  be  coUected  in  a  pure  and  un- 
mixed condition,  affording  an  excellent  opportunity  of  examining  then-  hving 
forms,  and  one  of  which  I  availed  myself  on  every  occasion. 

«  After  carefully  examining  materials  collected  in  this  way  from  various 
parts  of  the  beach,  I  detected  not  less  than  about  100  species,  aU  these 
strictly  marine,  and,  with  a  few  exceptions,  each  species  in  considerable 

abundance."  ,  ^ 

The  fact  of  Diatomeas  rendering  themselves  perceptible  to  common  vision 
by  their  excessive  accumulation  and  the  colom-  they  impart  to  water,  is  illus- 
trated by  the  phenomenon  of  coloration  of  the  sea  recorded  by  Dr.  Hooker, 
also  by  the  Melosira  ochracea,  which  occui's  in  many,  perhaps  in  all,  cha- 
lybeate waters,  and  also  in  peat  water  containing  a  smaU  proportion  of  iron. 
It  is  of  the  colour  of  iron  rust,  and  in  mineral  spring-s,  in  which  it  abounds, 
is  often  taken  for  precipitated  oxide  of  ii'on.  It  covers  everything  under 
water  but  forms  so  delicate  and  floccose  a  mass  that  the  least  motion  dissi- 
pates it  In  the  spring  of  the  year  this  mass  is  composed  of  very  dehcate, 
mle-veUow  globules,  which  can  be  easily  separated  from  each  other  ihey 
unite  together  in  rows  like  short  chains,  and  produce  an  irregular  gelatinous 
felt  or  floccose  substance.  About  summer,  or  in  autumn,  they  become  de- 
veloped into  more  evidently  articulated  and  stiff  thi-eads  of  a  somewhat  larger, 
dkmeter  but  stUl  form  a  compUcated  mass  or  web,  and,  either  from  adhenng 


OF  THE  DIATOMEiE. 


79 


to  each  other  or  to  delicate  Confervse,  appear  branched.  In  the  young  con- 
dition, when  examined  nnder  shallow  magniiiers,  they  resemble  gelatine ;  but 
with  a  power  of  300  diameters  the  flexible  granules  are  discoverable,  and, 
with  dextrous  management,  the  little  chains  forming  the  felt  or  floccose 
web  can  be  made  out.  In  summer,  on  the  other  hand,  its  structiu'e  can  be 
obsei-ved  much  more  easUy  and  distinctly.  Early  in  spring  the  colour  is  that 
of  a  pale  yellow  ochre,  but  in  siunmer  that  of  an  intense  rusty  red.  Other 
examples  occiu-  where  a  single  species  becomes  tangible  to  the  unaided  senses ; 
such  are  met  with  in  the  brown  specks  mentioned  in  the  preceding  account  of 
habitats  formed  by  particular  species  upon  the  larger  Alg£e  and  Confervaj.  So 
the  Gomplionema  geminatum  forms  on  rocks  tufts  of  a  spongy  texture  and 
brownish  coloiu-  when  young,  but  white  aftei-wards.  The  Synedra  Uhm  often 
produces  a  white  incrustation  on  stones  in  rivers  in  summer ;  and  Fragilaria 
and  Odontidium  are  seen  outstretched  as  dehcate  brown  filaments,  several 
feet  in  length,  hke  many  filiform  Algae,  from  which,  however,  they  differ  by 
breaking  up  so  very  readily,  on  the  least  disturbing  force,  into  their  separate 
joints.  "  Large  numbers  of  EMzoselenia"  (writes  Mr.  BrightweU,  J.  M.  S. 
1858,  p.  95)  "have  been  detected  in  the  stomachs  of  Salpce,  and  they  have  also 
been  observed  floating  free  in  the  ocean  in  warm  latitiides,  their  appearance 
being  that  of  httle  confervoid  flakes  of  exquisite  dehcacy,  but  of  a  sufficient 
aggregation  of  filaments  to  be  seen  by  the  naked  eye.  The  mass  appeared 
(probably  fi'om  the  endochrome)  of  a  faint,  evanescent,  ochraceous  colour." 
Mo  reover,  the  frondose  species  generally  attain  an  appreciable  magnitude. 
Thus  Encyonema  prostratiim  forms  a  tuft-hke  stratum, — when  recent,  dark 
brown,  but  when  dried,  of  a  dull  green  colour.  ScMzonema  suhcohcBrens  grows 
into  tiifts  from  a  quarter  to  half  an  inch  or  more  high ;  and  S.  vulgare  con- 
stitutes a  dark  brown  gelatinous  stratum  on  stones  in  shallow  water,  fila- 
ments simple  or  nearly  so  in  deep  still  water,  and  much  branched  filaments 
in  deep  rapid  streams. 

Mr.  Norman,  of  HuU,  has  most  kindly  furnished  us  with  the  following 
original  observation  on  the  growth  of  one  species,  the  Campylodiscus  cos- 
tatiis:— "In  the  early  pai-t  of  the  spring  of  1856,"  he  wiites,  « I  made  a 
gathering  of  freshwater  Diatomeje  from  the  '  Spring  Ditch,'  Hull.  Although 
I  met  with  a  few  odd  fnistules  of  the  species  named,  I  did  not  consider  it  of 
sufBcient  interest  to  boil  in  acid  for  mounting,  and  the  phial  containing  them 
was  left  in  the  window  of  my  laboratory  duiing  the  ensuing  summer.  Some 
time  in  the  autumn  I  had  occasion  to  make  use  of  this  bottle,  and  was  on  the 
pomt  of  throwhig  away  the  contents,  when  I  noticed  the  sm-face  of  the  de- 
posit and  the  sides  of  the  bottie  to  bo  covered  with  a  dense  brown  growth  of 
Diatoms.  On  further  examination  I  found  an  immense  colony  of  Ccmpylo- 
discm,  which  gave  by  preparation  some  beautifuUy  pm-e  slides  of  this  species. 
In  removing  the  upper  layer  I  purposely  left  a  few  of  the  fi-ustiiles  in  the 
bottie,  which  was  agam  placed  in  the  Avindow.  These  have  again  increased 
^  ^''^t  ^^tent  and  now  (December  1857)  they  appear  to  thrive  in  perfect 
ini  «;  occurrence  suggest  an  easy  plan  of  procm-ing  in  a 

pure  state  such  forms  as  are  rarely  found  together  in  any  abimdance  ? 
rhi'^S^rr''''''  D^^^^^TiON.-Species  of  Diatomeffi  are  for  the  most  part 
cofrZo  ?nr''vi?'Ti.'"^'  geographical  area.  Some,  indeed,  would  Lm 
rZri  T'  ^^^t^^^-^^.^re  limited  to  certain  regions.  For  instance,  the 
reckoned  bv"k"  1  ''''  ^^^^covercd  in  Europe;  and  Synedra  Entomon  is 
mitwtn^-  T  f^^  P'^«"li^-lya  South  American  production.  This 
denvnnAn  v "^J"'''     ^^'^  f^^*'        employed  it  in  tlie  en- 

„rioi„;l  T"-  ^^^"gi^  ^nc^  co^"-se  of  meteoric  du^t,  and  also  to  arrive 
at  certain  geological  deductions.     For  example,  he  says  {Monatsh.  Berlin. 
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Akad.  1849),  The  chain  of  rocky  mountains  traversmg  the  continent  of 
North  America,  forms,  with  reference  to  the  distribution  of  Infusoria,  a 
stronger  barrier  between  California  and  Oregon,  and  the  rest  of  the  continent, 
than  does  the  Pacific  Ocean,  with  China,  between  the  western  plains  of 
North  America  and  the  region  of  Siberia.  Thus,  the  United  States,  with 
Mexico,  never  present  any  of  the  forms  characteristic  of  Oregon  and  Cali- 
fornia, whilst,  on  the  other  hand,  the  peculiar  forms  of  these  latter  countries 
are  met  with  in  Siberia.  All  this  is  remarkably  confii'med  m  this,  that  the 
gold  region  of  the  Sacramento,  in  the  extent  and  abundance  of  its  Infusorial 
products,  finds  its  parallel  only  in  Siberia." 

This  presumed  fact  of  limited  geographical  distribution  is  thus  apphed 
by  Elu-enberg  in  another  paper  (Monatsb.  1846) :— "  The  atmospheric  dust 
which,  since  1830,  has  fallen  in  the  Atlantic  Ocean  as  far  as  800  miles  west 
from  Africa,  on  the  Cape  de  Verde  Islands,  and  even  in  Malta  and  Genoa, 
has  been  all  of  an  ochre-yelLow  colour,  never  grey  Hke  the  dust  seen  m  the 
north  of  Afiica,  and  consists  of  from  ^th  to  i-rd  of  organic  particles  referable 
to  90  species,  the  greater  number  of  which  are  of  freshwater  habit,  and  found 
equaUy  in  the  most  widely  separated  regions  named.  This  dust,  even  m 
Genoa  whence  it  is  carried  by  the  Sii-occo  wind,  contains  no  charactenstic 
African  forms,  but,  on  the  contraiy,  presents  the  Synedra  Entomon,  a  deci- 
dedly characteristic  species  of  South  America."  From  Ms  obseiwations  on  . 
this  meteoric  dust,  Ehrenberg  concludes  that  there  is  a  ciu-rent  of  aii-  umtmg 
Africa  and  America  in  the  region  of  the  trade  winds,  and  occasionaUy  directed 
towards  Europe.  On  the  other  hand,  their  wide  diifiision  is  exemphhed  m  Di. 
Hooker's  Eeport  on  the  Diatomaceous  vegetation  of  the  Antarctic  sea 

Assoc  1847)  •  "  The  genera  and  species  of  Diatomaceie  collected  withm  the 

Antarctic  sea  are  not  at  all  peculiar  to  those  latitudes ;  on  the  contairy,  some 
occur  in  every  country  between  Spitzbergen  and  Yictona  Land.  Others  and 
even  some  of  these,  have  been  recognized  by  Ehi-enberg  as  occurnng  fossil 
in  both  Americas,  in  the  south  of  Europe  and  north  of  Afi-ica,  in  Tripoh 
stone  and  in  volcanic  ashes  ejected  both  from  active  and  extinct  volcanos, 
whilst  others  again  exist  in  the  atmosphere  overhangmg  the  tropical  At- 

^^"prof.  Smith  has  the  foHowing  remarks  on  cosmopolitan  or  veiy  widely- 
difiused  species  (Synops.  ii.  p.  xxvii)  : —      .  .  ,     ,     n    ^t,    r.  n  • 

"  Of  freshwater  species  frequent  in  the  British  Islands,  the  foUowing  seem 
almost  cosmopolitan,  viz.  Synedra  radians,  Pinnulana  viridis  Pinnularia 

Europe  from  Smyrna  and  Ceylon,  from  the  Sandmch  Islands,  New  Zealand, 
S  NeW  York,  from  the  loftiest  accessible  points  of  the  Himalaya  in  Asia, 
and  the  Andes  in  America,  have  suppUed  specimens  of  these  lorms 

"Navicula  serians  aboimdin  aU  oiu-  mountain  bogs,  and  is  equally  common 
in  the  marshes  of  Lapland  and  America.  j  .t.  i  i  „ 

TE^Lnia  gibha  is  an  inhabitant  of  the  Geysers  of  Iceland  and  the  lakes 

'^^^heloutt;  Sea  Islands  supply  Stauroneis  ^-^^'/^^  Ceylon  Wr. 
Ulna,  while  Stauroneis  Plioenicenteron  is  equally  abundant  in  Bntam,  bicuy, 

'"-i'lse  notes"  of  locaUties  wiU  give  some  idea  of  the  ^vide  ^^stribution  of 
our  flStSe  Diatomaceee :  more  numerous  gatherings  Wd,  no  doubt, 
our  ..  .  .      .  tj^e  following  circumstance  aviU  show  how  gene- 

'Tlf  o^^rto— ^^^^^  throughout  European  locdities 

St^Tve  bTeTcarcfully  examined.  During  a  torn-  in  Languedoc  and  the 
Aulergne  in  the  spring' of  1854,  I  made  upwards  of  forty  gathenngs  from 


OF  THE  DIAIOMEJJ, 


81 


the  rivers,  streams,  and  lakes  of  the  district  I  traversed.  In  these  I  detected 
130  species,  aud  but  cue  form  not  yet  determined  as  indigenous  to  Britain. 
If  this  bo  tlie  case  with  a  district  much  of  whose  Phanerogamous  flora  is  so 
difterent  from  oiu-  own,  it  bears  out  the  view  I  have  taken,  that  these  or- 
ganisms enjoy  a  range  of  distribution  far  more  general  than  the  higher  orders 
of  plant-life. 

"  Nor  is  the  distribution  of  marine  species  less  notable  for  its  extent  and 
uniformity.  Coscinodisctts  ececntricus  and  C.  radiatm  range  from  the  shores  of 
Britain  to  those  of  South  Africa.  Gmmmatophora  marina  and  G.  macilenta  are 
foimd  in  almost  every  marine  gatheiiag  from  the  Ai'ctic  Ocean  to  the  Maiui- 
tius.  Stauroneis pulchella,  Cocconeis  Scutellum,  and  B  'uUhdj)hia  pulcliella  are 
equally  abimdant  on  the  Eiu-opean,  the  American,  and  the  African  coasts, 
■«'hile  liliahdonema  Adriaticum  belies  its  name  by  its  occiu-rence  in  the  Indian, 
Atlantic,  and  Pacific  Oceans.  During  the  researches  ali'eady  mentioned,  in  the 
South  of  Prance,  I  made  several  prolific  gatheiings  on  the  shores  of  the  Gulf 
of  Lyons;  but,  of  33  foi-ms  occuiTiug  in  these,  Hyalosira  ddicaiida,  Kiitz., 
was  the  only  one  not  familiar  to  me  as  a  British  species." 

The  supposition  that  many  species  of  Diatomcas  occupy  a  very  limited  geo- 
graphical area,  and  that  considerable  numbers  have,  in  course  of  ages,  chsap- 
peared  or  become  extinct,  as  many  animal  and  vegetable  organisms  have  done, 
was  thus  ably  examined  by  the  lamented  Dr.  Gregory  in  a  commimication  to 
the  Royal  Society  of  Edinbui-gh,  made  in  1856  (Proc.  Boy.  Soc.  Edln.  1856- 
57,  p.  442).  The  subject  of  discussion  is  introduced  in  his  notice  of  Na- 
vicula  prcEtexta,  a  foi-m  previously  considered  only  fossil.  "  I  have,"  he  says, 
"  selected  this  form  because  the  bed  ia  which  it  occurs  fossil  is  the  oldest  in 
which  Ehrenberg  has  found  any  Diatoms.  He  has  indeed  found  microscopic 
organisms  ia  the  chalk,  and  even  ia  older  rocks,  among  which  he  mentions 
the  moimtain  hmestone  and  the  Silm-ian  greensand.  But  the  forms  in  the 
two  latter  rocks  are  not  numerous,  and,  as  well  as  those  which  abound  in  the 
chalk,  belong  to  the  Poraminifera  or  to  the  Polycystina,  not  to  the  Diato- 
macea ...  .  In  short,  I  have  no  hesitation  in  saying,  that  I  believe  aU  the  forms 
in  the  ^Egina  clay-marl,  which  is  the  oldest  Diatomaceous  deposit  yet  de- 
scribed, wm  be  foimd  Uviag  on  our  coast."  The  stratum  at  iEgina  belongs 
either  to  the  chalk  formation,  or  to  the  oldest  tertiary  or  Eocene  beds. 

Dr.  Gregory  continues,  "  It  may  also  be  observed  that,  of  all  the  forms 
figured  by  Ehrenberg  from  more  recent  strata,  whether  miocene,  like  the  bed 
on  which  the  town  of  Richmond  (Virginia)  is  built,  and  several  lands  of  Berg- 
mehl— or  pUocene,  like  other  Berg-mehls  or  poHshing- slates,  &c.— or  still 
more  recent,  the  gTcat  majority  are  perfectly  identical  ^ith  existing  Diatoms 
inciecd,  although  many  forms  arc  stated  in  Ehrenberg's  earUest  writings  to 
be  fossil  only,  and  have  been  supposed  to  bo  extinct,  the  progress  of  obser- 
vation is  contmuaUy  adding  to  the  number  of  species  wliicli  are  found  also  in 
the  recent  state.  Thus,  for  example,  the  whole  group  of  dentate  Eanoiia^, 
which  abound  in  the  Lapland  and  Pinland  Berg-mehls,  were  long  thouglit  to 
be  only  fossil;  but  they  have  been  nearly  all  found  in  America,  and  f  have 
Znlf  rr"""'?  f         '"'^'^^  '^"^"i^^^y-  t^-iodon,  long 

gatherings  '  "'"""'^  ^''^^  ^''^ttish  freshwater 

Pvil^r!i'"f?  facts  into  consideration,  I  am  led  to  beUevc  that  we  have  no 
nnrl  ovnn       ""'^  '^ff^^'  °^  ^^"^  ^^tinct,  as  so  many  species. 

leiTthTtT  ''''''  ^''"^^'^y  ^>^"^Avs  have'doie.  I 

nTfV,V!l  V  r.^^'J'^y^  expresses  a  similar  opinion  in  his  valuable  paper 
on  UiKtoca-os  {J.  M.  S.  iv.  p.  105)."  ■ 

Wherefore  Dr.  Grogoiy  comes  to  the  conclusion,  that  "  tlie  ^\  hole  of  tho 
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species  wiicli  occur  fossil  mil,  cro  long,  be  detected  in  the  recent  state.  It 
is  at  all  events  certain  that  a  very  large  proportion  of  the  Diatoms  found  in 
the  fossil  state  also  occur  in  the  hving  state,  and  that  every  day  adds  to  their 
number.  There  is  at  present  no  good  evidence  of  the  existence  of  Diatoms 
earher  than  the  chalk,  if  so  early.  But  we  must  not  forget  that  the  shells 
of  Diatoms  appear  to  be  altered  by  long  contact  with  carbonate  of  Hmo,  so 
that  they  may  have  existed  at  one  time  in  the  chalk.  We  find  them,  how- 
ever, in  spite  of  the  action  of  calcareous  matter,  in  the  recent  chalk-marls  of 
Meu'don  and  of  Caltanisetta,  which  are  rather  more  recent  than  the  chalk, 
and  probably  of  about  the  age  of  the  clay-marl  of  ^gina.  If,  as  I  believe, 
no  Diatoms  have  become  extinct,  tliis  may  perhaps  depend  on  their  minute 
size  and  extreme  simplicity  of  structiu-e,  which  probably  render  them  more 
indifferent  to  chiiatic  changes  than  more  highly  organized  and  larger  beiugs. 
We  have  evidence,  to  a  certain  extent,  that  this  is  the  case ;  for  by  Ehren- 
berg's  figures  it  appears  that,  in  gatheiings  of  recent  Diatoms  fi-om  aU  parts 
of  the  world,  in  every  possible  variety  of  climate,  the  majority  of  species  arc 
identical  with  oxir  own. 

"  Diatoms,  therefore,  are  not  materially  affected  by  existing  differences  ot 
climate,  and  have  probably  been  as  little  affected  by  the  geological  changes 
which  have  occm-red,  at  aU  events,  since  the  period  of  the  Eocene  deposits." 

Geological  Impoktance  of  DiAxoMEiE. — Fossil  Accumulations. — Although 
so  exceedingly  minute  and  apparently  insignificant  in  comparison  with  the 
animals  and  plants  usually  claiming  our  notice,  yet,  by  their  excessive  multi- 
phcation  and  accumulation,  they  assume  even  a  greater  importance,  m  the 
physical  history  of  the  earth,  than  the  largest  trees  or  animals  ^ylt\\  whicli 
we  are  acquainted.  This  lesson  is  taught  us  by  Hving  examples  of  these 
microscopic  beings  constituting  appreciable  masses,  and  by  innumerable  in- 
stances where  only  the  sUicious  skeletons  remain,  in  a  fossil  or  scmi-fossil 

condition.  . 

Ehrenberg  thus  illustrates  their  rapidity  of  production  and  accumulation. 
"  Sihcious  Infusoria,"  he  says,  "form,  in  stagnant  waters  during  hot  weatliei% 
a  porous  layer  of  the  thieluiess  of  the  hand.  Although  more  than  100,000,000 
weigh  hardly  a  grain,  one  may  in  the  com-sc  of  half-an-hour  coUect  a  pound 
weight  of  them  ;  hence  it  wiU  no  longer  seem  impossible  that  they  may  build 
up  rocks.    However,  one  of  the  most  striking  examples  of  the  operation  ot 
Diatomece  as  a  physical  agency  on  a  large  scale,  is  afforded  by  Dr.  Hooker  s 
observations  addressed  to  the  British  Association  {Report,  1847).  He  says— 
"  The  waters,  and  especiaUy  the  newly-formed  ice  of  the  whole  Antarctic 
Ocean,  between  the  paraUels  of  60°  and  80°  south,  aboimd  in  Diatomaeea;.— so 
numerous  as  to  stain  the  sea  eveiywhere  of  a  pale  ochi-eous  brown,  the  surface 
having  that  coloui'  as  far  as  the  eye  can  reach  from  the  ship.   Tliough  pecu- 
liarly abundant  in  the  Icy  Sea,  these  plants  are  probably  uniformly  dispersed 
over  the  whole  ocean,  but,  being  invisible  from  their  minuteness,  can  only  bo 
recoonized  when  washed  together  in  masses,  and  contrasted  with  some  opakc 
substance  They  were  invariably  found  in  the  stomachs  of  Salpa;  and  of  other 
sea  animals,  in  all  latitudes  between  that  of  the  tropic  and  the  lughest  paraUel 
attained  in  the  Antarctic  expedition.   Theii-  death  and  decomposition  produce 
'a  submarine  deposit  or  bank  of  vast  dimensions,  consisting  .mainly  ot  thou- 
sihcious  shields,  intermixed  with  Infusoria  and  inorganic  matter.  Its  position 
?s  from  the  76th  to  the  78th  degree  of  soutli  latitude,  and  occupies  an  area 
400  miles  long  by  120  wide.    The  lead  sometimes  sank  two  feet  m  this  pasty 
dpnosit  and  on  examination  showed  the  bottom  made  up  in  great  measure  of 
the  species  now  Uving  on  the  surface.    This  deposit  may  be  considered  ns 
rS  upon  the  shores  of  Victoria  Land  and  of  the  Bamei-s,  and  hence  on  the 


OK  TUV,  UrATOMK.l';. 


83 


submarine  flanks  of  Mount  Erebus,  an  active  volcano  ]  2,000  feet  high.  From 
the  fiict  that  Diatomoaa  and  other  organisms  enter  into  the  formation  of 
pumice  and  ashes  of  other  volcunos,  it  is  perhajjs  not  unreasonable  to  eon- 
jectiu-e  that  the  subterranean  and  subaqueous  forces,  which  keep  Mount 
Erebus  in  activity,  may  open  a  direct  communication  between  this  Diato- 
maceous  deposit  and  its  volcanic  fires.  Moreover,  this  bank  flanks  the  whole 
length  of  Victoria  Barrier,  a  glacier  of  ice  400  miles  long,  whose  seaward 
edge  floats  in  the  ocean,  whilst  its  landward  extends  in  one  continuous  sweep 
from  the  crater  of  Mount  Erebus  and  other  mountains  of  Victoria  Land  to  the 
sea.  The  progressive  motion  of  such  a  glacier,  and  accumulation  of  snow  on 
its  siu-face,  must  resiilt  in  its  interference  with  the  deposit  in  question,  which, 
if  over  raised  above  the  surface  of  the  ocean,  would  present  a  stratified  bed 
of  rock  which  had  been  subjected  to  the  most  violent  distiu-bances." 

But  instances  of  the  abundance  of  sUicious  organisms  in  sea-  or  river- 
bottoms  are  to  be  met  with  nearer  home.  Mr.  Eoper  has  explored  the  mud 
of  the  Thames  (J.  M.  S.  1854,  p.  68) ;  and  he  tells  us  that,  excluding  the 
coarse  sand,  nearly  one-fourth  of  the  finer  pai*t  of  the  residuum  is  entirely 
composed  of  the  siHcious  valves  of  different  species  of  Diatomeae, — "  marine 
forms  prevailing."  This  writer  also  quotes  the  experience  of  Ehrenberg, 
who,  with  respect  to  the  mud  of  the  Elbe,  has  established  the  remarkable 
fact  that  at  Gluckstadt,  a  distance  of  40  miles,  and  even  above  Hambm-g, 
upwards  of  80  miles  above  the  mouth  of  the  river,  marine  sUicious-shelled 
Infusoria  were  found  alive,  and  their  skeletons  deposited  in  it  in  such  abun- 
dance, that  at  the  former  locality  they  form  fi'om  one-quarter  to  one-third  of 
the  entire  mass,  and  that  the  proportion  is  still  about  one-half  that  amount 
at  Hamburg,  as  far  as  the  flood-tide  extends.  All  his  observations  gave  a 
great  predonunance  of  marine  over  fi-eshwater  species,  even  when  the  salt 
taste  of  the  water  was  no  longer  perceptible.  His  examination  of  the  mud 
of  the  Scheldt  and  Ems  furnished  similar  results,  as  did  that  of  the  marine 
deposit  in  various  littoral  regions  of  the  Korth  Sea  and  Baltic. 

Reverting  to  the  Thames  deposit,  Mr.  Roper  expresses  his  belief  that  the 
silicious  shells  "  have  a  perceptible  influence  in  the  formation  of  shoals  and 
mud-banks  in  the  bed  of  the  river.  .  .  .  And  the  great  abimdance  and  general 
distribution  of  species  serve  to  illustrate  the  occm-rence  of  similar  deposits 
in  a  fossil  state  at  localities  now  far  removed,  by  alterations  in  the  earth's 
surface,  from  the  streams  or  harbours  in  which  they  were  originally  do- 
posited. 

"  Another  point  worthy  of  attention  is  the  influence  of  these  organisms 
m  the  fonnation  of  deltas  at  the  mouths  of  large  and  slowly-flowino' 
nvers— such,  for  instance,  as  the  Mississippi,  in  which  the  mean  velocity  of 
the  current  at  New  Orieans  is  only  about  one  mile  and  a  half  per  horn-  for 
the  whole  body  of  water.  Sir  Charics  Lyell,  from  experiments  on  the  pro- 
portion of  sediment  carried  down  by  the  river,  has  calculated  that,  takin"  the 
area  of  the  delta  at  13,600  square  miles,  and  the  quantity  of  sohd  matter 
brought  down  annuaUy  at  3,702,758,400  cubic  feet,  it  must  have  taken  67,000 
years  for  the  whole  delta.  Now,  as  the  siUcious  frustules  of  the  Diatoraoa) 
arc  secreted  from  the  water  alone,  and  would  most  probably  be  extremoly 

m.^'rinrnn?  ft  '  "^^f    ^  (^«P^«i^%      T^of.  Bailey  has  found  boti, 

marine  and  freshwater  species  abundant  in  tlie  rice-grounds),  there  can  bo 
httle  doubt  that,  without  taking  the  larger  proportion  "noticed  by  Ehrenberg 
nJ.!  K  '  "''flJ^  ""''''^  considerably  less,  it  would  reduce  tlie  above 
penod  by  several  thousand  years  ;  and  the  same  cauR(,  would  prol,al,ly  apply 
with  equal  force  to  the  Ganges  and  Nile.  Ehrenl,erg  eousidere.l  tl.nl,  .H. 
lUlau,  there  are  annually  deposited  from  the  water  from  7200  to  14.000 
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cubic  metres  of  fine  microscopic  organisms,  which,  in  the  course  of  a  century, 
would  give  a  deposit  of  from  720,000  to  1,400,000  cubic  metres  of  infusory 
rock  or  Tripoli  stone."  ... 

Another  fact  exemplifying  the  widely  pervading  presence  of  sihcious  In- 
fusoria was  revealed  by  the  experiments  of  Ehrcnberg,  viz.  their  existence 
in  a  hving  state  iu  moist  earth  beneath  the  surface,  the  only  \-ital  condition 
necessary°being  a  small  quantity  of  moistm-e.  The  presence  of  their  remains 
at  considerable  depths  in  mud  also  is  well  exemplified  by  the  experimental 
borings  made  by  Mr.  Okeden  {J.  M.  8.  1854,  p.  26)  at  Neyland,  a  creek  of 
MUford  Haven,  where  deposits  rich  in  Diatomaceous  remains  of  maime  or 
brackish  and  freshwater  character  occvrrred  at  the  depth  of  20,  30,  and 

40  feet.  .      ,      ^  1  V 

The  preceding  illustrations  wiU  suffice  to  show  the  active  share  taken  by 
the  DiatomeiE  at  the  present  day  in  the  evcr-occiming  changes  of  the  earth's 
siu-face  ;  others  must  now  be  adduced  to  exemplify  their  influence  m  the  past 
physical  changes  of  the  globe.  These  examples  are  so  numerous,  and,  relative 
to  other  phenomena,  so  important,  that  it  is  embarrassing  to  make  a  selection. 
Ehi-enberg  is  the  most  assiduous  cultivator  of  this  department  of  knowledge. 
He  has  personaUy  examined  deposits  collected  fi-om  almost  every  countiy  of 
the  worid,  and  described,  with  illustrative  plates,  the  genera  and  species  he 
has  encountered  in  them,  in  his  recent  large  work  the  Mihrogeologie,  1855. 
One  of  the  most  sti-iking  and,  to  his  mind,  unique  instances  of  a  Diatoma- 
ceous deposit,  fonned  at  a  remote  or  geological  period,  he  has  shown  to  exist 
in  North  America,  on  the  banks  of  the  Columbia  Eiver. 

The  river  of  Columbia,  in  its  coiu'se  at  Place-du-Camp,  nms  between  two 
Torecinices  700  to  800  feet  Mgh,  composed  of  porcelain-clay  500  feet  thick, 
covei'ed  over  by  a  layer  of  compact  basalt  100  feet  thick,  on  which,  again,  some 
volcanic  deposits  exist.  The  clay  strata  are  of  very  fine  grfun,  and  vaiy  m 
colour ;  some  are  as  white  as  chalk.  Dr.  BaHey  has  shown,  from  some  por- 
tions submitted  to  Hm  by  Col.  Fremont,  that  this  apparently  argillaceous  layer 
is  entirely  composed  of  freshwater  Infusoria.  Its  perfect  pmity  from  sand 
shows  that  it  is  not  a  diift,but  has  been  formed  on  the  spot.  By  its  immense 
thickness  of  500  feet,  this  layer  of  biohthic  Tripoli  far  siu^asses  any  similar 
layers  elsewhere,  wHch  attain  ordinarUy  only  one  or  two  feet  thickness, 
although  those  of  Limebm-g  and  Bihn  have  a  depth  of  40  feet.  Some  beds 
we  also  know  elsewhere  having  70  feet ;  yet  such  are  not  piu-e,  but  mter- 
sected  by  strata  of  tufa  or  of  other  matenal.  ,         ^,   -r.    r.       ^  i„ 

A  very  pme  Diatomaceous  deposit  has  been  met  with  by  Dr  Gregoiy  m 
the  islaid  of  Mull,  which  when  dry  is  almost  white,  and  mnch  i^se^^^^^^^^ 
chalk  being  light,  pliable,  and  adherent  to  the  fingers  {T.  M.  S.  lbo6,  p.  JA), 
and  in  composition  hardly  contains  anything  besides  silicious  organic  remams 
"  for  the  most  part  entii-e,  but  ^yith  some  fragments;  other  portions  which 
are  denser  contain  also  many  fragments  of  quartz  of  various  sizes,  and  va^t 
numbers  of  comminuted  fragments  of  lorica^."  Prof.  Sniith  {Synops.  voL  i. 
_  xii>  says— "Districts  recovered  from  the  sea,  m  the  present  or  othei 
T^oriods  of  the  earth's  history,  frequently  contain  myi-iads  of  such  exuvise 
Ctg  strati  of  considerable  thicLess."  Examples  of  this  nature  m  our 
oZ  countrj^  are  met  mth  in  "the  ancient  s^e  f .  ^Z^^"^^*""^  ^^^^^S*^ 
^^"hbourhood  of  Dolgelly,  localities  of  a  similar  kind  near  T^ugh  Island- 
s'in  d1^  and^Lough  Moume  in  Antrim."  Mr.  Okeden  concludes 
V  Z  Vo\^  coUected  by  borings  in  the  mud  of  some  creeks  and  nyeis  of 
slVmJ  '^^^^^  thelirface  merely,  but  the  whole  mass  of  the«> 
?i  r.lol.  ts  is  nenetrated  by  these  minute  and  wondrous  organisms  whi  c,. 
from  ?he  fact  S  Efr  being  fLd  at  Neyland  at  a  depth  of  40  feet  below  the 
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present  surface,  and  close  npon  the  rock  which  forms  the  original  bed  of  this 
cstuaiy,  the  mind  is  irresistibly  led  to  the  conclusion  that  they  have  existed 
there  fi-om  the  time  when  the  waters  fii'st  rolled  over  the  spot." 

Berg-mehl,  Tripoli,  and  other  polishing-powders,  the  stratified  deposits  at 
Ellin  in  Bohemia  and  in  ^gina,  and  numerous  others  examined  and  reported 
on  by  various  microscopists  might  likewise  be  adduced  to  demonstrate  the 
important  pai-t  played  by  these  individually  in^dsible  beings,  when  accumu- 
lated in  coimtlcss  myriads,  in  the  construction  of  the  earth's  crust. 

The  Oolitic,  and  even  some  eai'lier  metamorphic  rocks,  porphyritic  rocks, 
&c.,  are  not  wanting,  according  to  Ehi-enberg,  in  species  of  Diatomeae  ;  but 
in  the  Pliocene,  Miocene,  Eocene,  and  in  chalk  and  flint,  and  still  more  in 
the  tertiaiy  deposits,  the  abundance  and  variety  of  forms  are  greater.  Diato- 
niaceous  shells  are  curiously  preserved  to  us  in  large  abundance  and  perfec- 
tion in  guano,  in  which  they  have  doubtless  entered  as  a  component  in  the 
way  of  mixture  with  food  taken  by  the  bii'ds  which  have  deposited  that 
maniu'e. 

The  foregoing  facts  teach  ils  that  probably,  in  the  present  condition  of  oiu* 
planet,  no  portion  of  its  surface  is  destitute  of  Infusorial  Hfe  ;  and  now,  fi'om 
the  prosecution  of  microscopic  research  in  connexion  with  geological  facts, 
it  would  appear  that,  under  this  simj)lest  and  primaiy  form,  organic  life  made 
its  fii-st  appearance  on  the  globe,  and  has,  during  the  many  ejjochs  of  this 
world's  history,  and  notwithstanding  the  mightiest  changes  its  surface  has 
imdergone,  been  sustained  until  the  present  moment ;  and,  what  is  more,  so 
extraordinary  is  the  capability  of  the  silicious  Diatomeae  to  preserve  life,  and 
so  astonishing  theii-  powers  of  multiplication,  that  species  which  are  now 
found  living  have  theii-  generic  and  even  their  specific  types  at  the  veiy 
daw  of  creation.  Prof.  Ehi-enbcrg  has  advanced  this  same  statement  in  liis 
recent  work  {Milcrogeologie),  saying  that  the  oldest  sUicious  Infusoria,  whe- 
ther Carboniferous  or  Silmian,  belong  to  the  same  genera,  and  often  to  the 
same  species. 

AiiEOLiTic  DiATOMEJ]:.— Ehi-enberg  was  the  first  to  demonstrate  the  fi'c- 
quent  existence  of  Diatomeae  along  with  other  microscopic  beings  and  or- 
gajiic  particles  in  the  atmosphere,  principally  in  those  showers  of  dust  which 
fall  from  time  to  time  in  various  parts  of  the  world,  and  in  those  other  mete- 
oric products  Imown  by  the  name  of  '  meteoric  paper '  and  '  blood-rain.'  In 
such  atmospheric  productions,  the  Berlin  natiu'alist  has  detected  above  a  hun- 
di-ed  species ;  these,  accompanied  by  descriptions  and  figures,  and  prefaced 
by  an  account  of  aU  such  atmospheric  phenomena  on  record,  were  pubHshed 
by  Ehrenberg  in  a  lai-ge  brochure  entitled  "  Passamaub  uml  Blutregeti" 
consisting  of  192  foUo  pages.  An  extract  from  this  book  wiU  convey  the 
best  attainable  notion  of  the  physical  importance  of  these  aerial  dust-showers 

iho  quantity  of  actual  solid  matter  that  ha-s  faUen  from  the  atmosphere 
by  showers  is  far  more  considerable  than  supposed;  for,  though  it  falLs  in  a 
difiu-sed  dust-hke  fomi,  the  extent  of  surface  covered  at  any  one  time  is 

[h'^+nH"!'"  't  ."-  ,^°'"P^™8-  ^V^'^  meteorolites,  Ehrenberg  observes  that 
the  total  quantity  of  these  stones  which  fell  between  1790  and  1819  weighed 

wd-hlhn^v  7%0o'  ■TSl;^,,t^«t-shower  at  Lyons,  in  184G,  the  solid  matter 
o  hS  ?l^?f^   i  ?  1 <l^i«t-storms  in  Italy,  at  Cape  de  Verd,  and  in 

Sn  hSi   '  ,r  '^T'^'^  T'Z  'Fautity  of  matter 

Sins  S  f  n  Ehrenberg  suggests  to  the  imngination  the 

irt^nin  '^'■'^  ^"^^^  '^''^  tlie  time  of  Homer.    Lastly,  he 

Smt.Tf        <  ''"''r"'  "^P^"'""'  "I'^teoric  dust  does  not  necessarily 

«»n.  .n  :  f  f  ^i*^  ^ai'tli'«  .surface,  and  from  the  force  of  atmospheric 

omunts,  but  from  some  general  law  of  the  ,itmosphcrc,  according  to  which 
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the  living  organisms  mainly  composing  it  may  have  the  power  of  self- 
development  in  the  air. 

Uses  or  Diatomaceous  Deposits.— The  utility  and  possible  and  probable 
pm-poses  of  these  minute  organisms  to  mankind  have  not  yet  met  with  due 
consideration.    Their  relation  to  the  soil,  in  which  they  are  so  abundant, 
and  their  influence  on  its  fruitfulness  are  matters  only  incidentally  reflected 
on  by  authors.    "  Sufficient  attention,"  remarks  Prof.  Gregory  {J.  M.  S. 
1855,  p.  2),  "  has  not  yet  been  paid  to  the  fact  of  the  invariable  presence  of 
Diatome£e  in  all  earths  in  which  plants  are  found.    Ehrenberg,  in  his  Mi- 
h-oqeolonie,  has  established  the  fact  as  a  universal  one,  and  pointed  out  the 
important  bearing  it  has  on  the  growth  of  the  soil.    Indeed,  it  is  difficult  to 
imagine  a  more  effectual  agent  in  the  transference  of  silica  fi-om  the  waters 
to  the  solid  earth  than  the  growth  of  Diatomea;,  the  sheUs  of  which  are  as 
indestructible  as  their  multipHcation  is  rapid.    Ehrenberg  is  of  opmion  that 
they  live  in  the  soil  as  weU  as  in  water ;  and  the  constant  presence  oi 
moisture  in  the  soil  renders  this  conceivable.    Although  the  proportion  ot 
silicious  matter  dissolved  in  ordinary  water  is  but  smaU,  it  is  evidently 
sufficient  to  supply  the  sheUs  of  millions  of  Diatoms  in  a  very  short  tmie  ; 
and  it  is  therefore  probable  that,  as  fast  as  it  is  extracted  from  the  water  by 
them,  it  is  dissolved  from  the  rocks  or  earths  in  contact  with  the  water,  so 
that  the  supply  never  fails."  ,  x  i 

Mr  Roper  has  also  suggested,  from  the  consideration  that  the  best  sample^ 
of  guano  contain  the  greatest  number  of  these  silicious  skeletons,  which 
doubtless  serve  to  replace  the  large  amovmt  of  silica  abstracted  from  the  soil 
bv  the  cereal  crops,  that  it  is  probable  that  the  deposits  of  many  ot  our 
rivers  would  have  a  beneficial  effect  if  applied  to  the  land;  and  it  rests  T^th 
the  microscopist  to  point  out  the  most  favourable  localities  for  obtaining 
them     Ehrenberg  notices  an  instance  where  this  has  been  done  in  J|«land, 
where  a  blue  sand  abounding  in  calcareous  and  siHcious  sheUs  is  coUected, 
and  greatly  increases  the  fertility  of  the  arable  soil  to  which  it  is  apphed ; 
and  Prof.  Bailey  also  states  that  the  mud  of  Newhaven  harboni"  loused  as  a 
fertilizer,  and  is  found  to  contain  58-63  per  cent,  of  silica.  The 
last-named  has  moreover  adduced  instances  to  prove  that  the  gi-eat  tertiiity 
of  the  rice-fields  of  South  CaroHna  is  mainly  due  to  theii-  richness  m  Diato- 
maceous remains.    This  notion  is  strengthened  by  the  exammations  ot 
Ehrenberg,  and  by  the  commonly  observed  fact  of  the  occim-ence  of  Diatomere 
about  the  roots  of  plants,  especially  of  the  cereals,  which  demand  a  large 
sunnlv  of  silicious  material  to  construct  their  stems. 

Dr  Hooker  (op.  cit.)  contends  that  the  abundant  Diatomaceous  deposits  ot 
the  South  Pole  supply  ultimately  the  means  of  existence  to  manj^  ot  tne 
smaller  denizens  of  the  ocean,  and  that  they  keep  up  that  ^T'tlt  LT 
the  animal  and  the  vegetable  kingdom  which  prevails  thi-ough  all  other  lati- 
tudes. He  adds  that  they  probably  purify  the  vitiated  atmosphere,  just  as 
nlants  do  in  a  more  temperate  region.  . 

In  the  arts,  the  remains  of  Diatomaceous  shells,  as  the  chief  ingrechents  m 
certain  deposits,  are  brought  into  use  as  poUshing-powder  ^^'^^^^^J'^^^^ 
TripoH,  and  also,  as  an  extremely  fine  and  piu-e  silicious  sand,  in  the  manu 
facture  of  porcelain.  The  powder  called  Tripoli  has  various  ongms,  a  d 
S  in  the  microscopic  organisms  it  contains.  Species  of  Mdosrra  especiaUy 
round-for  instance,' of  Mclosira  varians.  Ehrenberg  mforms  us  that  he 
Tripoli  of  Jastraba  in  Hungary  and  that  from  Cassel  resemble  each  other  m 

"^Z^^r^c^^  of  a  deposit  of  Diatomo.  is  i^  u^^^^ 
an  article  of  food,  imder  the  pressure  of  want,  by  the  wi-etched  inhabitants  of 
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some  inhospitable  and  barren  districts  of  Em-ope — for  instance,  in  some 
locaHties  of  Lapland  and  of  Hungary,  and  in  other  parts  of  the  world. 
Ehrenberg  mentions  a  sort  of  earth  under  the  name  of  "  Tanah,"  eaten  in 
Samai-ang  and  Java,  wliich  overlays  some  moim tains  of  Java  at  several  places 
at  a  height  of  4000  feet.  It  is  generally  solid,  plastic,  and  sticky ;  it  is 
roUed  and  diied  in  tlie  shape  of  small  sticks  over  a  charcoal  fire,  and  is  eaten 
as  a  delicacy.  An  examination  of  this  earth  disclosed  3  or  4  species  of 
Polygastrica  and  13  of  Phytolitharia. 

It  has  been  attempted  to  make  the  specific  characters  of  Diatomaceous  de- 
posits of  critical  value  in  deciding  on  the  date  and  supei-position  of  rocks. 
However,  the  geographical  distribution  of  these  beings  is  as  yet  insufficiently 
known ;  and  every  day  reveals  the  fact  that  species  deemed  peculiar  to  some 
one  locaHty  are  to  be  foimd  in  others,  and  to  have  at  least  a  very  wide  range. 
We  have  already  quoted  some  exam])les  of  apparent  limited  diffusion  in  oui- 
remarks  on  geographical  distribution ;  it  is  therefore  not  necessary  to  illustrate 
the  subject  farther  in  this  place. 

The  circumstance  that  some  one  or  two  species  seem  at  times  peculiar  to  a 
neighboiu'hood,  has  encoiu'agcd  antiquarians  to  seize  on  it  with  the  hope  of 
determining  the  locality  whence  the  clay  was  procured  from  wliich  ancient 
specimens  of  pottery  or  porcelain  were  manufactured. 

Another  practical  purpose  to  which  the  shells  of  Diatomeee  have  been  put 
is  as  test-objects  for  microscopes,  the  penetrating  and  defining  powers  of  which 
are  measured  by  their  ability  to  detect  and  demonstrate  the  existence  and 
nature  of  ceiiain  markings  on  the  surface  of  the  sQicious  epiderm — such, 
for  example,  as  the  strije  of  Pleurosignia. 

On  the  naxtjee  of  Diatome^,  ■whether  Astiiials  or  Pl/Usts  —  various 
HYPOTHESES. — The  nature  of  the  Diatomeaj  is  still  a  much- vexed  question, 
although  the  opinion  of  those  naturalists  who  hold  them  to  be  plants — mem- 
bers of  the  great  family  of  Mgss — preponderates.  Ehr-enberg  assumed  their 
animal  nature,  and  persuaded  liimself  of  the  existence  of  a  complicated  organi- 
zation, such  as  neither  the  researches  of  others  can  confirm  nor  analogy  sup- 
port. In  his  latest  papers  on  Organization,  he  has  insisted  most  strongly  on 
the  apparent  successful  feeding  of  these  organisms  with  particles  of  colour 
which  entered  within  their  interior.  These  experiments  are  not  satisfactory, 
and  have  failed  in  the  hands  of  others ;  it  is  besides  quite  clear,  that  the 
umbilicus,  at  which  he  represented  the  colour-granules  to  enter,  is  no  real 
opening  in  the  lorica,  but  a  thickening  of  its  epiderm. 

Prof.  Meneghini,  now  many  years  ago,  penned  a  learned  treatise  to  prove 
the  animality  of  the  Diatomese ;  but  although  he  ofiered  many  ingenious  argu- 
ments to  support  his  opinion,  he  did  not  succeed  in  establishing  it.  Many  de- 
tails of  structure  and  organization  and  micro-chemical  characters,  ui-ged  by  him 
in  favour  of  their  animal  nature,  have  been  considerably  modified  or  entii  ely 
set  aside  by  subsequent  researches  ;  and  the  general  argument,  that  the  varia- 
tion fi'om  recognized  plants  is  in  many  particulars  very  marked,  has  only  a 
comparative  or  relative  force,  according  to  the  extent  of  differential  structure 
of  animals  which  may,  on  the  other  hypothesis,  be  set  forth  and  proved. 

The  distmgmshcd  Italian  naturalist  indeed  limits  his  design  in  the  treatise 
before  us  (On  the  Animal  nature  of  the  Diatomeaa,  R.  8.  1853)  to  disputing 
Jtutzing  s  arguments  for  their-  vegetable  natui'e,  saj-ing  (p.  365),  "  Whilst 
unable  to  confirm  or  refute  the  opinions  of  Ehrenberg,  we  seem  to  have 
observed  facts  sufficient  to  disprove  those  of  Kiitzing." 

P  H^T^^-f  ^^^^  ranged  Focke,  Eckhardt  (a  pupil  of  Ehrenberg),  and 
1  rot  Jjaiicy,  who  express  thcii-  inability  to  reconcile  some  of  the  structural 
details  and  physiological  phenomena  with  vegetable  organization.  Schleidcu 
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perhaps  should  also  be  reckoned  of  the  number,  since  he  remarks,  in  his  de- 
scription of  the  shield  of  a  Navicula,  that  "such  an  artificial  and  complicated 
structm-o  amongst  plants  has  no  explanation,  and  is  entirely  without  signifi- 
cation. In  all  actual  plants  we  find  the  silica  present  in  quite  a  different 
form,  as  Uttle  separate  scales  or  drops,  and  distributed  through  the  substance  of 
the  ceU-wall." 

In  favour  of  the  vegetable  natm-e  of  the  Diatomeas,  on  the  other  hand,  the 
majority  of  the  original  observers  in  this  country  unite  with  many  of  the  most 
disting-uished  naturalists  of  the  Continent,  such  as  Kiitzing,  Siebold,  NiigeU, 
Rabenhorst,  Braun,  Cohn,  Meyen,  &c.  The  last  inquirer,  so  long  ago  as  1839, 
urged  various  objections  against  the  presumed  animahty  of  the  Desmidica; 
and  Diatomete,  and  more  particularly  against  Ehrenberg's  views.  Respecting 
the  animality  of  the  Diatomese  (Naviculacea),  he  remarks  generally — "  The 
reasons  adduced  for  such  belief  are  so  weak,  that  the  conclusions  deduced  from 
them  are  yet  for  the  most  part  very  doubtful," 

A  small  number  of  naturalists  have  expressed  the  notion  that  the  Diatomea; 
belong  equally  to  the  animal  and  to  the  vegetable  Idngdom.  M.  Thuret  may 
be  named  as  one  of  these,  since  he  has  stated  that  there  is  no  more  reason  in 
favour  of  the  one  affinity  than  of  the  other.  Such  an  idea  is  certainly  imphilo- 
sophical;  for  it  would  cut  the  knot  instead  of  loosening  it,  by  the  assumption 
of  an  order  of  organic  beings  intermediate  between  the  animal  and  the  vege- 
table kingdom,  and  undeterminable  to  which  they  belong. 

We  wiU  now  proceed  to  state  the  leading  arguments  for  the  animality  of 
the  Diatomea),  indicating  the  name  of  the  writer  suggesting  each,  so  far  as 
practicable: — 

1.  The  Diatomese — many  species  at  least— exhibit  a  pecuhar  spontaiuous 
movement,  Avhich  is  produced  by  certain  locomotive  organs. — Ehrenherg.  _ 

2.  The  greater  part  have  in  the  middle  of  the  lateral  sm-faee  an  opening, 
aboiit  which  certain  round  corpuscles  are  situate,  which  become  coloured  blue 
when  placed  in  water  containing  indigo,  like  the  '  stomach-cells'  of  many  In- 
fusoria, and  consequently  may  equaUy  be  regarded  as  stomachs.— mr^wier^/. 

3.  The  shells  of  many  Diatomaceaj  resemble  in  structm-e  and  conformation 
the  calcareous  sheUs  of  Gasteropoda  and  similar  mnusca.— Ehrenherg.    _  _ 

4.  The  method  of  multiplication  by  seli-cM-vision.—WirenhergaJidMeneghjm. 

5.  The  complicated  structure  of  the  waU  of  the  fi-ustules,  and  the  characters 
of  the  silicious  deposit— ScMeide7i,  Bailey,  and  MenegUni. 

6.  The  greater  afiinity  in  chemical  composition  of  the  contents  (the  endo- 
chrome)  with  animal  than  with  vegetable  ^mHvicis.—Meneglihu. 

Each  of  these  arguments  requires  examination  in  detail,  and  its  value  tested. 
To  begin  therefore  with  the  first— the  occim-ence  of  locomotion  and  the  organs 
by  which  it  is  effected,  as  evidences  of  animal  constitution.  Morren,  m  the 
paper  quoted  {Jaliresbericht  Ahad.  Berlin,  1839),  pointed  out  that  motion  is  not 
confined  to  animals,  but  exhibited  also  by  the  spores  of  Alga)  and  by  sperm- 
atic particles.  To  these  examples  may  be  added  the  OsciUatona;,  1  roto- 
coccus  in  its  various  phases,  Vaucheria  clavata,  Uloth-ix  zonata,  and  other 
Alo-!K,  among  which  are  the  now  admitted  genera  of  Volvocinea).  In  many 
of  these  the  movements  are  much  more  active  and  lively,  and  present  more 
seeming  spontaneity  tiian  those  of  any  of  the  Diatoms.  The  employment  of 
the  word  spontaneous  to  signify  the  sort  of  movement  of  these  organisms  is 
certainly  unjustifiable,  if  imderstood  at  all  in  its  usual  sigmfication,  of  an  act 
originating  m  the  moving  body  directed  to  a  special  purpose  ;  for  no  more 
snontaneity  is  manifested  in  the  motions  of  these  sihcious  organisms  tiian  m 
those  of  the  leaves  of  the  Dioncna  muscijnda  when  any  particle  impinges  on 
their  sensitive  hairs.    Meneghini,  in  examining  this  point,  is  compelled  to 
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•admit  that  no  absolute  proof  is  dcducible  from  the  movements  of  the  frustiilcs, 
in  support  of  thcii-  animal  nature ;  and  the  only  difficulty  to  him  against 
admitting  that  they  may  he  vegetable  in  character,  is,  that  they  are  so  dif- 
ferent from  those  of  Oscillatorite,  Desmidiea),  and  Protococcoidea!, — a  worth- 
less objection,  to  be  sufficiently  answered  by  asking  whether  that  motion  does 
not  differ  as  widely  firom  that  of  any  animals,  and  whether  the  movements  of 
the  Desmidiete  are  not  equally  unlike  those  of  the  Oscillatoria3  as  those  of  the 
Protococcus. 

The  locomotive  organs  insisted  on — consisting,  according  to  Ehrenberg,  of  a 
retractile  foot  and  of  retractile  ciliary  processes — have  not  been  sufficiently 
demonstrated  to  use  as  an  argument.  Ekrenberg,  Corda,  and  more  lately 
Focke,  are  the  only  observers  who  pretend  to  have  seen  such  organs,  although 
the  organisms  said  to  possess  them  are  subjects  of  daily  minute  research  by 
himdi-eds  of  wonder-finding  microscopists.  The  mucous  film  which  invests 
many  Diatomaceous  frustules  may,  indeed,  have  been  seen  and  misintei-preted. 
Meneghini  calls  attention  to  a  kiiid  of  sparkling  or  agitation — actually  a  rapid 
and  indeterminate  change  in  the  refraction  of  light  at  their  extremities,  which 
he  seems  disposed  to  beHeve  shadows  forth  the  presence  there  of  some  sort 
of  cihaiy  locomotive  organs.  Granting,  however,  that  cilia  were  ascertained  to 
be  the  cause  of  the  movements  perceived,  the  doctrine  of  animality  would  iu 
no  way  be  advantaged,  since  cUia  are  not  peculiarly  animal  structures. 

According  to  Nageli,  one  sort  of  vegetable  movements  originates  in  the  act 
of  growth.  Of  such  a  land  are  probably  the  vibrations  of  the  Oscillatorite ;  and 
possibly  the  motions  of  the  Diatoms  are  in  some  degree  reducible  to  the  same 
category.  And  it  is  to  be  remarked  that  these  motions  are  not  ecpially  apparent 
and  active  under  all  circiunstances,  even  among  specimens  of  the  same  species, 

but  axe  most  so  when  the  vital  phenomena  of  the  organisms  are  most  aroused  

when  the  most  rapid  interchange  of  material  is  gomg  on  between  the  external 
medium  and  the  internal  cavity. 

2.  The  second  argument  rests  entirely  upon  hypothetical  grounds,  derived 
from  Ehi-enberg's  observations,  and  is  valueless  so  long  as  those  observations 
are  imconfirmcd.  It  seems  quite  clear  that  the  central  opening  or  umbihcus 
spoken  of  has  no  real  existence ;  and  if  this  be  so,  then  the  apparent  entrance 
oi  colommg  matter  mthin  a  set  of  corpuscles  situated  around  it  must  be  an 
error  of  obsei-vation,  imless  the  unproved  and  improbable  assumption  be  made 
that  the  coloiu'-particles  enter  at  foramina  placed  elsewhere  (as  at  the  extre- 
mities) and  become  transmitted  to  these  centrally  placed  sacs  or  so-caUed 
stomachs.  Kutzmg  declares  that  the  seeming  entrance  of  colour-granules  is 
the  result  of  mechanical  causes,  and  adds  the  more  important  statement  that ' 
the  central  collection  of  vesicles  is  often  wanting. 

3  The  third  argument,  that  a  resemblance  obtains  between  the  sheUs  of 
Bacillana  and  hose  of  some  Mofluscons  animals,  is,  to  say  the  least,  fanciful 
and  m  a  scientific  mqmry  can  bo  admitted  to  prove  nothing.    If  extern. 
S  Jy  LTaf  tr7''K.'^        '      '''''  ^«  ^^^^--^  ^o  demonstrate  th 

wMch  froi^r/o^^^^^^  the  case  of  the  Eoraminifera, 

rh7coph^^^^^^^  resemblance  were  for  years  accounted  members  of 

exlmal  fort  '       '  {  ^'"t*'^'  '"^t'^^^^^'  '"^eed,  the  similarity  in 

tittrous"^^^^^         Hti^g-far  exceeding  that  of  any  Diatom  witliLy 


infnoSwav  bVr^^  animaHty,  meets  it 

SeTlt  fS  whtr^'"^^^^     ""^^S  °f  hi^l^°^-  plants  examples 

toimd  which  in  configuration  and  other  parti  cellars  agree  witli  l)ia- 
mstanco,  the  numerous  forms  of  pollen  M'ith  their  angles,  spines, 
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&c.  But,  as  Meneghiiii  remarks,  "  ho  might  have  added  the  more  appropriate 
instance  of  the  Desmidieaj,  wliich  would  be  very  closely  allied  to  the  Diatomeac, 
if  the  latter,  like  the  former,  could  be  referred  to  the  vegetable  kingdom.  If 
not  equal  in  constancy  and  regularity,  the  Desmidieaj  display  a  greater  degree 
of  complication :  and  we  must  remember  the  different  nature  of  their  substance ; 
for  in  the  vegetable  ceU,  when  lime  or  silica  predominates,  the  wall  becomes 
uniform  and  regular."  .    ,  ,    -nt.  u 

4.  Multiplication  by  self-division  was  at  one  tmie  cited  by  Jihrenberg  as 
peculiarly  an  animal  phenomenon,— a  notion  at  variance  with  the  observations 
of  every  natui-alist,  and  now  requiring  no  refutation.    However,  Meneghmi 
has  more  recently  advanced  the  statement  that  an  essential  difference  m  the 
process  of  fission  prevails  between  the  Diatomeee  on  the  one  hand  and  the 
besmidiete  and  Algffi  in  general  on  the  other,  applying  to  the  former  modifi- 
cation (in  accordance  with  Brebisson's  views)  the  term  deduphcatwn,^  to  the 
latter  reduplication.    To  extract  his  remarks  (op.  cit.  368)—"  JJmsioii  is 
always  longitudinal,  and  takes  place  imdemeath  a  fine  extern  al  sihcious 
membrane,  by  the  formation  of  contiguous  diaphragm  walls  which  divide  the 
internal  cavity.  Thus  the  contents  are  longitudinaUy  divided;  and  this  divi- 
sion is  complete  if  the  two  new  individuals  detach  themselves  and  so  acqun-e 
individual  hberty.    It  is  imperfect  if  the  fine  silicious  persistent  membrane 
and  the  secreted  gelatinous  substance  retain  them  connected  together  ibis 
mode  of  reproduction  (wHch  Br(<bisson  distinguished  by  the  name  of  duph- 
cation  anMipUcation,  from  the  reduplication  of  Desmidieee)  deseiwes  the 
most  attentive  obsei-vation.    The  foregoing  exposition  presents  the  fact  in  its 
most  mde  and  supei-flcial  general  appearance,  and  makes  us  feel  acutely  the 
want  of  a  more  circumstantial  description  pecuhar  to  vaiious  iorms.    it  is 
only  after  having  established  facts  relative  at  least  to  the  prmcipal  generic 
Les,  that  we  c^  establish,  on  a  scientific  basis,  the  general  idea  of  midti- 
pS  on  by  duplication.    A  few  observations  suffice,  l^o-ever,  to  prove  that 
this  does  not  occiu-  in  so  simple  a  manner  as  we  ai-e  taught- to  beheve,  by 
comparSg  it  mth  that  in  vegetable  ceUs.  In  the  Achnaiithidia,  for  example, 
?tTs  deSbed  and  figured  that  the  principal  sui-faces,  which  occupy  the  mter- 
t:^:  i$le  between  the  two  supUr  and  the  -f-^J^^^ 
presenting  fine  transverse  lines,  and  next  a  strong  loi^gitudi^^.^^^f  ^^S^^fi^ 
Sdle;  then  there  appear  two  new  i-temi^^te  valves  cont^^^^^^^^^ 
other-the  superior  valve  (?)  of  the  new  infenor  "^^jy^^^.^jl^^^^^ 
^■n«  nf  tbo  suTierior     Mv  observations  convmce  me  that  the  attair  aoes  not 
;^o^c   d"^  I  have  often  seen       two  later^^^^^^^^ 

separated,  and  the  intermediate  space  thus  lai'gely  amphfied  In  othei  cases 
Zre  appeared  only  a  new  inferior  valve  complementaiy  to  the  superior,  the 
nferioTSkial  Vis  remaining  incomplete.  My,  f  ^'^'^^I  j^^^^ 
ihe  complete  superior  individual  and  the  incomplete  "^^7°^^^^'  ^^^^^^^^ 
appeSa  new  Lchvidual  with  both  its  valves,  but  nexvrer  together  smalle 
Zer  S  lines  much  less  distinct."  In  short,  "  m  lus  phenomenon  theic 
Tmore  comphcation  than  that  of  a  simple  ccUular  dcduplication 
"  Tin  a  previous  page  (p.  88)  we.have  cpioted  Schleiden  s  notice  o^  a  d^- 
fl^,i  tv  in  the  way  of  recognizing  Diatoms  to  be  plants.  It  is  one  ^^e^^-lsc 
Sh  has  p3ed  itself  to  others,  for  instance,  to  Prof.  Bmloy  and  Mone- 
"Twe  X^    them  to  be  plants,"  says  the  latter  writer,  "  wemu 

Ltr'l.  to  VmcSusU  we  must  rocoB„i.c  a  co,,,,,lieaUo„  cerl^nly  «u- 
SJuaEod  in  tho  ve«etoblo  Idngdom."  (Oj).  frt.  r-  372.) 
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This  critique  of  Meneghiui  loses  much  of  its  force  when  it  is  noticed  that 
the  existence  of  a  pedicle,  or  isthmus,  or  of  a  rauco-gelatinous  sheath  envelop- 
ing the  fnistules,  is  assumed  by  him,  quite  hyiwthetically,  to  indicate  theii- 
formation  within  a  coil-wall  represented  by  the  soft  investment, — an  idea 
originated  by  him  because  he  could  not  admit  of  an  extra- cellular  formation. 
The  present  state  of  knowledge,  however,  clearly  recognizes  the  not  infi-equent 
formation  of  extra- celliilar  matters  about  cells,  and  consequently  this  portion 
of  the  diSicidty  in  question  -\vill  cease  to  have  importance. 

On  the  other  hand,  no  animals  can  be  pointed  out  having  a  similar  complex 
silicious  stnictui'e,  whilst  an  analogy  may  be,  to  a  certain  extent,  found  with 
the  Desmidiea;,  some  of  which  have  a  small  deposit  of  silica  in  their  envelopes, 
wliich  again  in  some  Uiatomaceous  fmstules  is  very  deficient  (see  p.  37). 

Indeed,  the  affinity  between  the  Desmidiete  and  the  Diatomeae  is  manifested 
by  the  differential  characters  which  natiu-alists  feel  themselves  called  upon  to 
indicate  (see  p.  95). 

The  composite  structure  of  the  frustules  is  piincipally  the  result  of  the  per- 
meation of  the  external  tunic  with  silex.  The  little  box  or  capsule,  when 
first  produced,  represents  a  simple  enclosed  cell,  imbued  with  more  silica  than 
a  Desmidiaceous  fi'ond,  but  othermse  not  histologically  tuilike.  When  the 
little  being  prepares  for  self- division,  the  opposite  valves  separate,  much  as 
the  opposed  halves  of  a  frond  of  one  of  the  Desmidieae,  and  the  intermediate 
production,  according  to  the  habit  of  the  class,  becomes  penetrated  by  silica 
(to  a  less  extent,  however,  than  the  original  valves),  and  assumes  so  much  of 
a  peiTuanent  character  that  it  is  very  fi-equently  considered  an  independent 
third  segment. 

So  again,  the  cellular,  or  areolate,  or  otherwise  figm-ed  and  involuted  smface 
of  the  frustules,  cited  by  Meneghini  as  dissimilar  to  any  plant-structure,  would 
also  appear  to  be  a  consequence  of  this  permeation  of  the  organic  membrane 
with  silica,  and  of  various  modifications  consequent  thereon.  To  show  that 
analogies  ai'c  not  wanting  in  the  vegetable  Idngdom  of  curiously  modified  and 
fig-ured  cell-walls,  we  may  mention  as  examples,  besides  poUen-grains,  in- 
stanced by  Kiitzing,  the  sporangia  of  Desmidiea;  and  of  various  Algte.  More- 
over, the  capability  of  the  simplest  enclosing  membrane  to  develope  a  very 
complex  superficial  sti'uctiu'e  is  illustrated  in  the  case  of  the  RMzopodes, 
among  which  are  many  examples  of  striated,  areolated,  and  other^vise  modified 
shells,  which,  in  the  eyes  of  many,  range  with  luiicellular  organisms.  We 
must  not  forget  to  state  that  Meneghiui  himself  seems  to  have  appreciated 
the  effect  of  the  permeation  of  silica  upon  the  characters  of  the  cell-wall;  for 
he  says,  in  his  supplementary  annotations  {op.  cit.  p.  511),  "  the  pai-t  which 
silex  takes  m  the  formation  of  the  ceU-waU  is  undeniable,"  as  in  the  epi- 
dermis of  Grammea;,  Palms,  and  Equiseta.  "  The  stomatic  cells  of  Equiscta 
mcnt  particular  attention,  both  from  the  silex  they  contain,  and  the  transverse 
stnaj  they  present  on  the  internal  surface.  This  resemblance  to  the  shield  of 
Diatomea)  might  lead  us  to  believe  that  we  ought  to  regard  it  as  an  argument 
01  ma  ntammg  the  vegetabdity  of  the  latter:  but  I  do  not  think  that  I  ought 

obror  r  '^''''^^"^  '  ^^'"^^  ^^^""^'^  I  ^^o^^d  not  appear 

Inothor  ,S  f  •  '  ™f1^^^^^ted  with  it.  Yet  it  seems  to  me  important  in 
™o  whor,  ^PP^^^^t  compKcation  that  the  simple  cell  may 

assume  when  penetrated  by  silica." 

reXro?";?  this  part  of  the  argument  by  Prof.  Smith's 

S  tlTe  f rn  h.i?-"'''*  ^^'^''X'     P" '^i'^)        1^  every  case  tbis  membrane 
.rosoto  5         "'iT'"      ^"'^  P^i^^trated  or  imbued  witJi  sdex ;  and  the 
p  csoncc  ot  this  sukHkuice  appears  to  have  modified  the  intimate  structure  of 
fhe  membrane,  and  uiduced  great  variety  in  the  mode  and  character  of  its 


92 


GENISUAL  HISTOHT  OF  THE  INFUSOKIA, 


formation  in  different  genera,  accompanied  by  great  regularity  in  the  indi- 
vidual species.  Ti!    i.-  t 
"  These  variations  exhibit  themselves  in  the  different  modihcations  ot 
structure  which  constitute  the  markmgs  of  the  valves,  appearing  under  the 
form  of  ribs  and  nodules,  costaj,  strias,  or  cellules  of  an  eUiptical,  cu-cular, 
or  hexao-onal  outline.    A  wide  comparison  of  specimens  seems  to  me  to  prove 
that  these  various  markings  originate  in  the  tendency  impressed  upon  aU 
oro^anized  structure  to  develope  itself  upon  the  type  of  the  ceU,  and  that  the 
presence  of  the  siHcious  constituent  in  the  ceU-membrane  of  the  Diatom  gives 
a  fixedness  to  this  tendency,  which,  in  ordinary  cases,  is  either  not  discern- 
ible in  the  structui-e  of  the  membrane,  or  whose  effect  is  obUterated  by  the 
coalescence  of  the  softer  material  which  constitutes  its  substance.  However 
this  may  be,  it  appears  to  me  certain  that  the  stmctiu-e  of  the  sihcious  valve 
in  the  Diatomacete  is  invariably  ceUulate,  the  cellules  being  more  or  less 
modified  according  to  the  pecuHar  requii-ements  of  each  species  and  that  no 
other  explanation  of  their  characteristic  markings  seems  consistent  witli  tJie 
facts  which  are  established  by  a  careful  examination  and  comprehensive  know- 
ledge of  Diatomaceous  structure.  That  this  explanation  does  not  involve  con- 
siderations at  variance  with  the  conditions  of  unicellular  vegetable  hie,  wiU 
be  obvious  to  any  one  famihar  with  the  structure  of  the  sihcious  epidem  m 
the  Equisetacea3  and  Graminacese,  and  the  distmctly  ceUulate  stmcture  of 
many  pollen-grains,  whHe  this  very  presence  of  silex  as  a  constituent  of  the 
ceU-waU  in  the  Diatomacete  appears  to  be  whoUy  unaccountable  except  on  tlie 
sunnosition  of  the  vegetable  nature  of  these  organisms.  In  no  instance  do  we 
S  a  parSlel  condition  in  the  animal  Idngdom  (for  the  secretion  of  sihcious 
sSc^a,  as  an  internal  skeleton,  in  some  of  the  Spongidea._,  cannot  be  regarded 
as  an  analogous  phenomenon),  whereas  the  vegetable  kmgdom  tate«  ^ 
^th  cases,  not  merely  of  the  secretion  of  silex  as  a  vegetable  product  m  the 
Smboo  but  with  frequent  instances  of  its  intimate  union  with  ceUulose  in 
The  membrane  wHch  forms  the  epiderm  of  the  ceU,  as  m  the  Natiu-al  Orders 
ah-eadv  mentioned,  in  the  Palmacese  and  others.             -r^    x>  -i     i,  a 

On  thTnature  and  mode  of  deposition  of  the  silex,  Dr  Bailey  has  ad- 
vanced the  statement  that  the  silica  in  PhytoHthana,  as  weU  as  m  Diatome^ 
l%ljZe.,  and  Spongilithes,  is  -t  doubly  reft-activej^^^^^  ^  3-^ 
Ehrenbera-  described,  and  that  even  the  admitted  exception  of  A^achnoi 
taL  not  such.    The  error  in  supposing  it  so  has  originated  from  the  nn- 
peXct  removal  of  the  dense  carbonaceous  tissues  which  are  deposited  beneath 

m  final  argument  we  have  to  consider  for  the  animahty  of  the 
Diatomeee  is,  that  the  greater  affinity  in  the  chemical  coniposition  of  the 
?on  entsfi.  '  of  the  endochrome  or  gonimic  substance,  is  with  pl^nts,  and  not 
vSKSmals.    Tliis  argument  is  certamly  based  on  a  nice  and  vcr^^adt- 
to-be-determined  fact.    Meneghini  insists  on  it  as  ^mportan      His  renm^^^ 
nirondv  been  given  in  our  notice  of  the  contents  of  the  tiustuies,  to 
wHchte  must  TefS  (p.  47),  ad^hng  here  only  some  «^n)lemont-y  obser^^ 
V^nt  to  fiiUv  convoy  his  opinions.    "  Finally,"  he  writes  (op.  at.  p.  3b6), 
In,  tWs  is  not  a^Zerty  peculiar  to  chlorophyll.  "  I  may  add  that,  if  a  portion 

BwaUowed  It  ^^/^^f ^^^^^^^^^^      Z  more  than  particles  of  sareode,  which 

Menegliini  ^'^'f'^'J'^^ll^  Wd  observe  "  that  the  number  and  volume 
have  an  oily  appearance  am  he  w^^^^^^^^^^  ^^^^^  ^         ^.^^  ^1^^^. 


are 
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other.  And,"  he  continues,  "  I  rely  upon  the  observation  that  there  is  some 
motion  and  successive  alteration  in  them,  as  if  these  minute  globules  mixed 
■with  larger  ones,  and  separated  again  fi'om  them."  For,  to  the  mind  of 
the  Italian  naturalist,  the  hyj^othesis  of  stomachs  is  admissible,  although 
the  fact  that  a  polygastric  structure  (affii-med  by  Ehrenberg)  has  not  been 
shown  in  the  ciliated  Protozoa  is  in  itself  an  a  priori  argument  that  such  an 
organization  is  not  to  be  found  in  the  Diatomea3,  among  wliich  animal  cha- 
racteristics are  so  much  more  deficient  and  indeterminate. 

Although,  to  our  apprehension,  this  argument,  based  on  the  differential 
chemical  composition,  to  the  extent  it  is  developed  by  Meneghini,  is  incom- 
plete and  inconclusive,  yet  it  was  a  duty  to  present  it,  in  order  that  some  of 
the  many  ardent  English  microscopists  may  be  induced  to  attempt  the  solution 
of  this  micro-chemical  question. 

Rabenhorst,  we  should  not  omit  to  state,  describes  the  colom-ing  matter  of 
Diatomeae  as  quite  different  from  the  chlorophyll  of  plants.  Eor  instance,  he 
states  that  the  chlorophyll  of  plants  is  taken  up  by  alcohol,  dissolves  -with  a 
yellowish-green  colour  in  alkalies,  and  with  muriatic  acid  acquii-es  an  emerald- 
green  colour,  whereas  the  colouring  material  of  Diatomeas  is  insoluble  in 
alcohol  (although  after  a  time  its  colour  fades),  remains  unchanged  by  alkalies, 
and  acquii-es  a  pale-green  colour  with  mimatic  acid. 

It  stiU.  remains  to  point  out  the  facts  which  speak  in  favoiu-  of  the  vegetable 
nature  of  the  Diatomacere.  The  following  summary  was  offered  by  Kiitzing :  ■ 

"  1.  The  great  resemblance  of  compound  forms  to  Algfe,  and  their  develop^ 
ment  by  fission.  There  are,  indeed,  compoimd  Infusoria,  as  Monad-masses 
and  Polypes  :  but  the  former  axe  very  questionable  animals  ;  and  the  latter 
have  this  essential  distinction,  that  the  individual  animal  lives  without 
(external  to)  its  habitation,  and  moves  freely,  whereas  such  Naviculce  as 
Enctjonema,  Schizonema,  and  Micromega,  and  similar  genera,  grow  within  the 
enclosmg  substance,  building  themselves  up  like  the  cells  in  the  stem  of  a 
plant— so  vegetating  here  only  as  cells.  In  lilce  manner,  the  individuals  of 
Fmgilaria,  Melosira,  Himantidium,  &c.,  are  steadily  fixed,  and  imable  to 
exhibit  animal  motion. 

"  2.  The  inner  soft  organic  parts,  which  I  have  designated  gonimic  sub- 
stance, possess,  as  weU  in  their  chemical  nature  as  in  theii-  development 
pecuhanties  akm  to  those  met  with  in  the  ceU-contents  of  confervoid  Aloaj  ' 
Ihis  relation  is  most  clearly  seen  in  the  genus  Melosira  and  its  allied  form's 
which,  not  only  m  form,  but  also  in  the  chemical  components  of  their  con- 
tamed  matter  (since  the  presence  of  chlorophyU  is  common  to  all  Diatomeae) 
are  closely  aUied  to  the  confei-void  AlgEe.  -i^uiiomea);, 

"  3.  The  development  of  seeds,  or  young  [as  Kiitzing  represents  itl  occiu-s 
°«  f '  Z  "'S^^bted  AlgoB,  but  never  as  hi  ti-ue  animals.  ^' 

4.  ihe  Diatomeae,  and  especially  the  free  moving  Navic^^lce  develone  in 

'^SZTT'"'^  lil^e  all  admittecrpla  S 

scrvetofavo^^hSSin  ft    ^  TT-,    ^^^'^^^''^        tl^o^e  comparisons 

To  thni  nrl,       f  ?   u  ^  vegetable  nature  of  Diatometc." 
con^ugat  n  bd™^;;^^^^^^^        f'f  ™f -ting  on  the  assumption  of 
evidence  of  J   P^-^''^' =  ''^"'^  ^f^'  Bkckwell  discovers  further 

spccS  (j:  A  itl^T.  J^^S^^^t^^"'^  °f  fo™  of  tlie  frustules  of  the  same 

It  is  neccssaiy  to  ii'iquire,  seriatim,  into  the  real  value  of  tlu>  arguments 
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on  this,  as  lias  been  done  with  those  on  tlio  other  side  of  the  question 
Meneghini  enters  the  lists  withKUtzing,  and  disputes  the  conclusions  arnved 
at  by  him,  rather  than  the  facts  on  which  they  rest. 

The  first  aro-ument,  founded  on  external  resemblance,  has  httle  value,  and 
offers  no  certain  indications  of  affinities.  However,  taking  Kiitzmg's  state- 
ments in  his  own  words,  modem  research  has  added  to  its  weight ;  for  it 
has  proved,  what  was  before  only  a  probability,  that  the  so-called  Monad- 
masses  are  only  of  a  vegetable  nature.       ,     ,  ,     ,     ,  „ 

The  second  reason  advanced  has  been  ah-eady  discussed,  whilst  the  thud 
rests  as  yet  on  mcomplete  observations,  and  in  Meneghim's  opimon  has  an 
equally  strong  analogy  in  animals,  for  example,  "  in  the  ovanes  of  Polyi)cs 
and  other  inferior  animals,  as  in  many  Ovipara  of  supenor  classes  Arid,  m 
fact  the  bag  of  a  spider,  with  the  thousands  of  small  eggs  that  it  contains, 
seems  to  me  quite  as  like,  as  the  spore  of  an  Alga,  to  the  organ  of  propaga- 
tiou  of  a  Schizonema  or  a  Micromega:'  These  analogies  cannot  be  aUowed 
much  weight,  whilst  it  is,  on  the  contrary,  pretty  cleai-ly  ascertamed  that  the 
^orangia  of  Diatomea3  produce  a  brood  of  yoimg  fonns  within  them,--a 
phenomenon  according  in  aH  particulars  with  the  mode  of  reproduction  m 

ThTfTm^h S^ulSrth^  vegetablenatiu:emust  be  admitted  topossess 
great  importance.     Since  Kiltzing  enunciated  it,  the  apparent  objecfeons 
Sst  the  vital  phenomena  in  question  being  i^estncted  to  plants,  have  been 
removed  by  subsequent  inquiry    The  gTcen  Monads  and  Euglence  cited  bj 
are  now  recognized  to  be  vegetable,  and  can  no  longer  cast  doubt,  by 
r^Lon  of  an  assumed  animal  nature,  on  the  fact  of  the  evolution  of  oxygen 
bekTa  characteristic  of  vegetable  Ufe.    The  evolution  of  oxygen,  as  Prof 
Sh  like  every  other  careful  observer,  teUs  us,  "may  be  noticed  m  any 
m^  sViiatomace^  during  the  warmer  months  of  the  year,  or  in  gathenngs 
SeelY  exposed  to  the  sun,  in  the  elevated  temperatm-e  of  a  confined  apartment 
So  Se  winter  or  spiing.    Under  these  conchtions  the  water      he  vessel 
bec^'e  cohered  with  minute  bubbles  of  oxygen,  and  portions  of  the  Diato- 
maceTs  stlat^Tre  floated  up  by  the  buoyancy  of  the  globules  of  this  gas 
adheTg  0  tS  frustules.    Such  phenomena  ^--orAj  he  accounted  for  1^ 
supposing  that  the  Diatomaceee  are  plants,  and  that  they  exhale  l^ke  a^l 
SsS  a  state  of  active  vegetation,  oxygen  from  theu;  tissues  ;  but  tins  pi o- 
£  is  irreconcilable  with  the  hypothesis  of  their  animal  natm-e.  (^ynoj... 

"pyC^iter  insists  (Microscope,  p.  469),  that  tho  most  positive  and 
easily  defined  distinction  between  Protophy  a  and  .^^^^^^^^^^^^ 
nature  of  the  aliment,  and  in  the  method  of  its  f^f^^f^^^^^^^^^^^^^ 
-For  wWlst  the  Protophyte  obtains  the  materials  of  its  "^^^^^^"l^  ^'^^^^^^^^^ 
air  and  moisture  that  suiToimd  it,  and  possesses  the  power  of  detachmg 

trate  by  simple  imbibi  ion  ^'^^^^^f       ,  J^^^^^^^^  the  substance  of 

proper  stomach  makes  (so  ^^'V^f^^l^^^^  its  food,  and 

its  body,  into  :yl-hi  ingests  «  ,f  ,l^.e,tion.    Hence  the 

:iS^srm:mit5^ t  ri^S^.  whU  can  scarcely  be  distinguished 
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from  each  other  by  any  structural  characters,  scera  to  be  pJiyslohr/icanij  sepa- 
rable by  the  mode  in  which  they  perform  those  actions  Avhcrciii  tlioir  life  most 
essentially  consists." 

The  process  of  conjugation  has  been  used  as  an  argument  for  the  vegetable 
natiu-e  of  Diatomeae  by  Mr.  Thwaites  and  others.  Tliis  subsequently  seemed 
to  be  set  aside  by  the  observation  of  apparent  conjugation  in  Actinophrys  and 
Oregarina  observed  by  Kolliker  and  Cohn.  HoAvever,  this  j)honomenon 
appears  again  in  the  ascendant  as  a  vegetable  characteristic ;  for  the  observa- 
tions of  Ml'.  Weston  (J.  M.  S.  1856,  122),  of  Leuckart,  Lieberkuhn,  and 
others,  go  to  show  that  the  act  believed  to  be  one  of  conjugation  in  the 
Actinophrys,  is  not  reaUy  a  process  of  reproduction,  but  merely  a  temporary 
cohesion:  moreover  Lieberkuhn  {Mem.  de  VAcacl.  Boy.  Belgique,  vol.  xvi.) 
proves  that  the  production  of  the  Navicellce  is  not  necessarily  a  consequence 
of  the  act  of  conjugation  in  the  Gh'egarince. 

If  fiitm-e  research  substantiate  the  fact  that  conjugation  is  essentially  a 
vegetable  process,  then  the  natm-e  of  the  Diatomeae  wUI  no  longer  be  doubtful. 

On  a  review  of  the  arguments  urged  on  each  side,  and  on  consideration  of 
the  whole  structiu-al  and  vital  peculiarities  of  the  Diatomeaj,  we  are  disposed 
to  consider  them  of  a  vegetable  natm-e — members  of  the  great  family  of 
Algae,  and,  together  with  many  other  unicellular  plants,  to  constitute  a  group 
known  by  the  name  of  Protophyta.    Kageh,  in  1849,  took  this  view,  and 
reckoned  the  Diatomeae  as  one  of  his  eight  orders  of  imicellular  Alg£e,  of 
which  the  Desmidiaceae  and  PalmeUaceae  wore  other  two.    How  close  must 
be  the  affinity  of  the  Diatomeaa  with  the  Desmidieaj  is  shown  by  the  fact  of 
the  two  families  having  so  long  been  treated  of  together  under  the  common 
head  and  name  of  BaciUaria.    And  although  sufficiently  decisive  characters 
separate  the  one  set  of  beings  from  the  other,  yet,  in  the  grand  phenomena 
of  hfe  and  organization,  a  tnie  homology  exists.   The  difference  between  some 
Desmidieas  and  Pahnelleae  is  as  much  pronounced  as  it  is  between  the  former 
and  some  Diatomeae ;  and  between  these  several  orders,  together  with  the 
Zygnematae,  various  intermediate  forms  are  to  be  found,  Avhich  serve  as  con- 
nectmg  hnks.    Although  Mr.  EaLfs  would  not  now  insist  upon  the  chstinc- 
tions  between  the  Desmidieae  and  Diatomeae,  formerly  laid  down  by  liim  as 
decisive,  yet  they  may  be  here  reproduced  with  advantage.    1.  In  Diatomese 
(op.  at.  p.  19)  "  each  frustule  consists  of  three  pieces,  one  central,  rin">-Uko 
and  contmuous  aU  round,  and  the  others  lateral."    In  opposition.  Prof  Smith 
assorts  that  the  central  third  segment  is  no  essential  part  of  the  frastules 
but  a  portion  produced,  just  like  that  between  the  opposed  valves  of 
Desraidieee,  preparatoiy  to  the  process  of  self-fission.    2.  «  The  chvision  is 
completed  by  the  formation  of  new  portions  ^^dtllin  the  enlarged  central 
but  Mr         J'r  '^f ;  "        ^^Pt™  the  centre  ;" 

Jlri  it  e^eSr^  '^'"^  f'l  commences  internally 

bctoic  It  extends  to  the  covcnng.  So  far  as  we  can  understand  the  matter 
no  essential  variation  m  this  process  prevails  in  the  two  famiUes.        "  Ti  e  i' 

rectaT^r  n'fn^^  broken  but  not  bent;  the  frustules  arc  often 

rectangulai  m  form  are  never  wartcd,  and  scarcely  ever  spinous  "  To  these 
s  atements  it  may  be  replied,  that  in  a  few  Diatmns  the         is  in  sS 

of  beinn-  bonf  n  ^"^"l-  .        "^tion  of  fii'o  and  acids,  the  capability 

IX  Tniho  tZuZ  '  '^'"'^^T  (dependent  on  the  relative  propoHion  of 
.  aW  of  the  iml  '  w  '^"^^'^^^7  cli«tinctions.  Tlie  same  may  be 
^reLfce  of  A^'ZfspC'^  -nt  oucd  the  rectangular  form,  and\he 
1  "uits  ana  spines.    Ihe  form  indeed  is,  at  Ijost,  of  little  value  in 
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the  ai^ument.  The  rectangular  form  of  the  Diatomca3  is  doubtless  a  conse- 
querice  mainly  of  the  silicious  composition :  yet  it  is  far  from  imiversal  among 
them ;  for  some  species  are  rather  orbicular,  others  sections  of  cylinders,  others 
capsidar,and  others  again  not  unlike  square  sacs  with  bulging  sides  and  rounded 
comers    Even  where  a  rectangular  outlme  exists,  it  is  most  frequently  only  in 
one  view  ;  and  the  most  that  can  be  said  is,  that  the  lines  of  junction  are  m  • 
many  instances  acute.    On  the  other  hand,  examples  of  a  rectangular  outhne 
are  to  be  fomid  among  the  Desmidiea;  and  their  allies  :  the  junction-suriaces 
of  Hyalotheca  and  Didymoprium  are  at  right  angles  to  the  sides  of  the  frond ; 
the  end  view  of  Staurastrum  twmidimi  is  as  angidar  as  the  front  view  ot  a 
Triceratium ;  and  the  front  view  of  Eiuistrum  cuneatum  presents  decidedly 
rectangular  truncate  extremities.    So  too  in  the  genus  Pediastrum,  fonnerly 
enumerated  among  the  Desmidiese,  although  now  detached  as  a  subtamily 
and  placed  between  them  and  the  PalmeUese,  examples  of  an  angular  outline 
occur,  as  in  the  Pediastrum  Tetras  and  other  species.    As  to  the  production 
of  spines,  sufficiently  numerous  examples  exist  among  the  Diatomeae  to  prove 
it  no  distinctive  pecuHaiity  of  the  Dcsmidie^  ;  and  although  warty  expan- 
sions or  elevations  of  the  surface  precisely  like  those  of  some  Desimdieee,  may 
not  be  noticed  in  Diatomeae,  yet  certain  exaggerated  inflations  of  the  suiiace 
are  seen  in  some  Diatomea;,  e.  g.  in  BiddulpUa  imldiella  and  B.  re-gim. 
The  two  next  distinctions  indicated  by  Mr.  Ralfs  are  of  more  consequence, 
but  nevertheless  cannot  be  admitted  as  demonstrative  of  an  entu-e  diilerence 
in  natui-e.    They  are  thus  stated :— "  Theii-  internal  matter  is  usuaUy  bro^Ti 
w%en  recent;  and  although  some  species  are  greenish,  or  become  green  atter 
they  have  been  gathered,  none  are  of  a  truly  herbaceous  character  Theu- 
vesfcles  bear  some  resemblance  to  those  m  the  Desimdie^ ;  but  they  ^e 
of  a  yeUower  coloul^  and  no  starch  has  been  detected  m  them.     The  la.t 
section  of  this  statement  must  be  held  as  still  suh  judice;  the  ctotiy  of 
tSe  endochrome  is  too  imperfect  to  afford  a  safe  ai-gument,       the  chemical 
relations  of  starch  and  isomeric  compounds  too  httle  understood.    The  con- 
cSng  distinction,  "that  the  Diatomea.  do  not  conjugate,"  the  reseai'ches  of 

?hTsum&  the  affinities  of  the  Diatome.  presented  Ij 
Prof  Smith  Isynops.  vol.  1  p.  xxi)  The  Katomacea.,  with  J^^f^^^  f 
their  own,  have  also  intimate  alliances  with  the  other  orders  of  the  Pioto- 
phy  a^embhng  the  Zygnemace^e  and  Desmidiacece  m  the  reproductive  pro- 
cess-fteNostoLce/^  the  tendency  shown  by  several  genera  to  surround 
Sr  fmstules  with  frondose  masses  of  mucus,  within  which  l^^ar  s  ne.  of 
cells  are  subsequently  developed,--the  OsciUatoneee  -  ^^en-  mov^^^^ 
PohneUaccEe  and  aU  the  orders  I  have  named,  m  the  self-chviclmg  act  oy 
S  the Tnciividuals  of  the  species  are  multiphed,  or  the  aggregate  of  spc- 
pific  life  maintained  and  increased." 

De™nation  of  Species  and  Genera  ;  Varieties  ;  Classieication  - 
The  Zstion  has  been  very  much  discussed  of  late,  wha  charactei-s  of  -  the 
fmstSes  and  of  their  contents  are  to  be  employed  m  the  constmction  of 
snecies  '  Ehi-enberg  generaHy  proceeded  on  the  principle  of  notifjing  ev  eiy 
rmrture  from  any  one  form,  assumed  to  be  specific,  as  representmg  another 
departurc  nora  I  y  ^i^^  iias  been  found  productive  of  error  and  of  ex- 
species  ;  ^  ^  loosc^  p^^^^^^  inasmuch  as  shape,  or  outUne,  or  markings  of 
cessive  mvdti^^^^^^^  and  chstinctive  as  formerly  imagined. 

'^Mto^^^^  som  spo'ies  L  size  and  figui-e  seem  pretty  constant,  yet  in 

l:^?"  S^J^rLdV  wU  compr4end  several  pro- 
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smnecl  species  of  Naviculai  under  the  name  of  N.  varians.  So  again  Dr. 
Greville,  speaking  (A.  N.  H.  1855,  p.  258)  of  the  Grammatopliora  (?)  Bal- 
fouriana  (Smith),  which  he  erects  into  a  new  genus  DiatomeUa,  observes, 
"  There  is  greater  variation  m  the  relative  length  and  breadth  of  the  fmstules 
than  would  be  likely  to  occur  in  other  Diatomaceous  groups.  In  some  the 
length  is  more  than  eqiial  to  twice  the  breadth,  while  others  ai'c  exactly- 
square  ;  and  between  these  two  extremes  every  gradation  may  be  observed  ; 
resembling  in  this  inequality  Fragilaria,  Oclontidium,  Grammatopliora,  and 
other  filamentous  genera  having  piano-compressed  fi-ustules."  But  in  this 
very  case  a  difference  arises  between  Dr.  Greville  and  Mr.  Smith  respecting 
the  value  of  internal  markings  as  a  characteristic  distinction  ;  for  the  latter 
author  remarks,  "  The  absence  of  a  curve  in  its  septa,  relied  upon  by  Dr. 
Greville,  I  cannot  I'egard  as  of  sufficient  importance  to  constitute  a  generic 
distraction,  as  this  featm'e  is  scarcely  noticeable  in  some  states  of  Gramma- 
topJiora  macilenta,  and  is  uniformly  absent  in  G.  stricta."  {Synopsis,  vol.  ii, 
p.  44.) 

"  The  size  of  the  matiu'e  fnistule  "  (says  Prof.  Smith,  J.  M.  S.  1855,  p.  132) 
"before  self- division  commences,  is,  however,  dependent  upon  the  idiosyncrasy 
of  the  embryo,  or  upon  the  cu-cumstanees  in  which  its  embryonic  growth 
takes  place ;  consequently  a  very  conspicuous  diversity  in  their  relative 
magnitudes  may  be  usually  noticed  ia  any  large  aggregation  of  individuals, 
or  in  the  same  species  collected  in  different  loeahties, 

"  It  may  also  be  easily  conceived  that,  while  a  typical  outline  of  its  cell 
must  be  the  characteristic  of  a  certain  species,  such  outline  may  to  some 
extent  be  modified  by  the  accidental  circumstances  which  surroimd  the  em- 
bryo duiTOg  its  earlier  growth  and  development.  A  lanceolate  form  may 
become  linear,  eUiptical,  or  even  somewhat  oval,  by  the  pressure  of  siUTound- 
ing  cells ;  and  acute  ends  may  be  transformed  into  obtuse  or  rounded  ex- 
tremities. 

_  "  Those  who  understand  the  process  of  self-division  -ndll  see  here  a  suffi- 
cient reason  for  the  occurrenee  of  multitudes  of  frustules  deviating  from  the 
normal  form,  or  even  for  the  existence  of  myriads  at  one  spot,  all  having  a 
(  form  different  from  the  type,— the  siagle  embryo  from  which  they  have  aU 

■  sprung  by  self-division  (which  process  stereotypes  the  shape  with  which  it 
commences)  having  from  some  accidental  circumstances  become  modified  in 
its  outUne. 

_  "  It  foUows,  then,  from  these  considerations,  that  neither  size  nor  outline 
IS  sufficient  to  enable  the  observer  to  determine  the  species  of  a  Diatoma- 
ceous fmstule.  If  he  has  the  means  of  compaiing  specimens  in  sufficient 
:  numbers  and  from  various  loeahties,  he  may  fix  with  tolerable  certainty 
:  upon  the  magnitude  and  form  which  may  be  regarded  as  the  average  and 
type  of  the  species  ;  but,  without  such  opportiinities,  a  reliance  upon  such 
characters  will  inevitably  lead  to  the  undue  multipHcation  of  species  and  to 
a  conlused  and  erroneous  nomenclature." 

°^  Senera,  similar  difficulties  present  themselves.  Thus, 
-  Mr.  BnghtweU  complains  (J.  M.  S.  i.  252)—"  It  appears  as  if  we  could  carry 
our  real  knowledge  httle  beyond  that  of  species  ;  and  when  we  attempt  to 
JOenne  kinds  and  groups,  we  are  met  on  every  side  by  forms  which  set  at 
.nought  our  definitions.    With  reference  to  the  species  of  the  present  genus 
lS?TrT2'  ^•fi'"'^  «r  ^-  ^ega^^tomum  as  what  we  con- 

'  wffi  1  11  i.""  """^^  P^'"^^''*  P^''°  (if  "^^y)  0^  wliich  this  group  is  constructed, 

■  we  nna  all  the  species  diverging  from  it,  and  carrying  us  to  analogous  forms 
m  otner  groups,  or  lost  in  them.    Placing  the  perfect  triangular  form  of 
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T.  favus  in  the  centre,  wo  may  diverge  in  lines  to  a  circumference  ending  in 
one  line,  in  the  long-armed  T.  Solennoceros,  itself  nearly  resembling  Desmi- 
dium  tridens  or  D.  hexaceros  ;  in  another  line  ending  in  a  form  resembling 
Desmidium  apicidosum  ;  in  another  like  Zygoceros  rhombus,  especially  in  the 
front  view;  in  another  analogous  to  Amphitetras  antediluviana ;  and  in 
another  to  Campylodiscus  cribrosus." 

Next  after  size  and  form,  markings  existing  on  the  surface  or  within  the 
fnistules  have  been  employed  as  specific  and  generic  characteristics  ;  but  with 
these,  as  with  the  former  conditions,  great  uncertainty  prevails  in  their  ap- 
plication, as  we  have  ah-eady  seen  in  the  difference  of  opinion,  regarding  some 
internal  markings  of  Orammatophora,  between  Dr,  Greville  and  Prof.  Smith. 
In  like  manner  the  character,  the  breadth,  the  relative  position  and  disti-ibu- 
tion,  the  distinctness  and  the  number  of  striae  on  the  valves,  although 
tolerably  constant  in  some  species,  are,  in  the  majority,  subject  to  great 
variation.    Then  again  some  naturalists  count  the  number  of  striae  in  a 
given  space,  as,  for  example,  in  the  -nnnrth  of  an  inch,  whilst  others  advo- 
cate counting  the  entire  number  in  the  length  of  the  valve.    The  latter  plan, 
to  all  appearance,  must  afford  more  certainty,  although  the  trouble  of  it  is 
much  greater;  for  in  the  groAvth  of  fi-ustules  there  would  seem  an  expansion 
of  their  walls,  inducing  consequently  a  displacement  of  the  striae  further 
apart ;  and  observation  does  not  confirm  the  opinion,  that  in  the  imperfectly 
developed  frustules  a  smaller  number  exists,  which  are  added  to  in  course  of 

''^However,  just  as  in  the  case  of  the  form  and  size,  so,  in  this  matter  of  the 
superficial  markings,  there  will  be  variations  according  as  the  frustules  result 
from  self-division  and  are  stereotyped  impressions  of  aa  ali-eady  existing 
form  or  according  as  they  originate  from  sporangial  frustules  and  may  have 
an  individual  idiosyncrasy,  or  be  modified  in  their  development  by  the  locahty, 
and  by  surrounding  circumstances,  season  and  the  like. 

A  writer  in  the  Mic.  Journ.  (1855,  p.  309)  invites  notice  to  another  cir- 
cumstance :— "  Suiacient  attention  has  not  yet  been  paid  to  the  sporangial 
state  of  the  Diatoms.  From  the  observations  recorded  by  Thwaites,  bmith, 
and  others,  different  genera  seem  to  follow  different  laws  on  the  subject.  In 
Navicida  tHs  state  appears  to  be  always  accompanied  by  a  great  dilatation  ot 
the  frustule,  and  the  formation  of  a  strong  Kne  or  band  between  the  median 
.line  and  the  margin;  sometimes  the  new  line  is  nearly  straight  and  parallel 
to  the  median  line,  except  near  the  nodule,  with  which  it  seems  connected  ; 
sometimes  it  is  cm-ved ;  but  whether  both  structui-es  occur  m  the  same 
species,  or  are  indicative  of  different  species,  no  evidence  has  hitherto  been 

addaced  The  strife  appear,  however,  to  preserve  neai'ly  the  same  m- 

cUnation  to  the  new  or  intermediate  Unes  wHch  they  did  m  the  non- 
sporangial  state  to  the  median  Hue  ;  and  hence  the  direction  of  the  staao  is 
not  sufficient  of  itself  to  distingiiish  species,  however  good  a  character  it  may 
afford,  unless  regard  be  had  to  the  peculiar  state  of  the  frustule." 

Prof  Smith  has  endeavoured  to  frame  some  general  i-ules  for  the  gmdance 
of  natui-aUsts  in  instituting  generic  and  specific  characters,  winch  we  cannot 
do  better  than  subjoin  in  an  abridged  form  {J.  M.  S.  1855,  pp.  132-134 ;  and 
Svnops.  vol  ii.  p.  xxii).  In  determining  specific  ehai-acter,  three  circumstances 
are  of  essentia  importance:  1.  the  structm-e  of  the  valve;  2.  the  habitat; 
3  the  arrangement  of  endochome  in  the  living  frustule.  _ 

'  The  first  can  be  applied  to  both  Hving  and  dead  or  fossil  specimeiis  and 
affords  the  most  constimt  and  obvious  characters.  These  varieties  of  stnic- 
jre  arise  from  the  modes  in  which  the  silex  combines  mth  the  ceUulose  of- 
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the  epidemi ;  and  this  combination  seems  to  follow  certain  and  invariable 
laws,  which  are  subject  to  no  derangement  from  the  external  circumstances 
in  which  the  gro-\vth  of  the  embryo  may  take  place.  The  structm-e  of  the 
valve  reveals  itself  iu  the  chai-acter  of  the  striation,  which  may  therefore  be 
found  a  good  specific  distinction."  Thus  the  strife  may  be  costate  or  monili- 
form,  pai'allel  or  radiate,  reach  the  median  line  or  be  absent  from  a  greater 
or  lesser  portion  of  the  sm-face,  &c.  The  relative  distances  and  the  distinct- 
ness of  the  strife  ai-e  also  other  features  to  be  recorded,  allowance  being  made 
for  the  influence  of  localities  and  of  age,  and  for  the  fact  of  their  having 
originated  fi'om  the  same  or  fi'om  different  sporangia. 

Next  to  striation  in  importance  is  locality,  which  will  often  aid  to  discri- 
miaate  between  closely  allied  forms,  since  fi'esh-  and  salt-water  species 
cannot  exchange  habitats.  Locality  also  seems  even  more  restricted  by  other 
external  conditions  of  a  more  limited  natm'e. 

Lastly,  the  aiTangement  of  the  endochi-ome  confers  a  specific  character 
more  certain  than  habitat.  Examples  of  various  arrangement  of  gonimic 
substance,  and  of  the  large,  constant,  oil-Kke  globules,  have  been  already 
given. 

It  foUows,  therefore,  that  the  difficulty  of  defining  species  is  much  en- 
hanced where  examples  occur  only  in  a  fossil  state.  Even  in  the  living 
state,  shape  and  size  cannot  be  implicitly  rehed  on,  but  gatheiings  are  re- 
quired from  different  localities,  and  every  condition  of  growth  observed,  before 
an  average  size  or  a  typical  outline  can  be  decided  on.  And  although  stria- 
tion is  an  important  guide,  it  often  happens  that  this  feature  is  so  nearly 
alike  in  allied  species  of  the  simple  forms,  such  as  Cocconema,  Cymhella,  and 
Navicula,  that  our  determination  must  be  influenced  by  less  important  con- 
siderations, and  the  habitat,  outhne,  and  arrangement  of  cell-contents  all 
require  to  be  brought  under  review  before  we  should  feel  justified  in  consti- 
tuting a  species. 

_  In  the  constmction  of  genera,  the  several  conditions  (viz.  form,  size,  stria- 
tion, habitat,  and  disposition  of  endochrome)  emisloyed  in  the  determination 
of  species  are  also  resorted  to.  Other  pecuHarities,  however,  are  noted, 
such  as  the  transverse  or  longitudinal  lines  or  bands,  indicating  thickenino-s 
of  the  valves,  the  presence  of  a  central  spot  (umbiHcus)  or  of  terminal  one's 
and  (as  Prof.  Smith  mentions)  « the  obvious  varieties  of  form  or  combination 
to  which  the  ceUules  submit  in  the  progress  of  their  formation,  exhibiting 
themselves  as  hexagonal,  cii'cular,  or  iiTegular  in  outline,  as  distinct  from 
each  other,  or  as  more  or  less  confluent."  {Synops.  vol.  ii.  p  xxiv  ) 

Kutzmg  has  extensively  used  the  cu-cumstauce  of  the  presence  or  absence, 
?  ?         position  of  apparent  pores,  not  only  in  constituting 
genera,  but  also  the  higher  divisions,  famiHes  and  orders.    The  figui-e  of 

rZSrMn'^.^*''''^''''^''  f'^S^'  ^""^  '^^^ther  point  he  has 

vet  Si  fr^f^gl^i^classification.  He  would,  indeed,  appear  to  assign  a 
S^f.  JC^l?  the  central  spot  or  umbiUcus  than  Ehrenberg  him- 

Sto  two  ort,..  I  '^'''•^■^^'^        ^''""'^^^  respectively, 

t^UiZtZl\      T'^f  ^^i^ according  as  this  structu^-al  pecu- 

senarTtprinr^  ^  ^imreZZa  with  some  other  genera  into  a  famUy  S^irirenea', 
ZTolr  T^^T'i'  '^^d  gonera,  and  placed  in  a  dis-! 

Eice  Jli  f.^'-^f'^.  because  the  former  group  is  destitute  of  an  umbilicus 
a7?he  WlTS'"'^'  T^''^  latter  possesses  (the  Stomaiic<^).  Moreover, 
vllve  of  f^S  '^long  ^th  others,  presented  an  umbilicus  on  each 

valve  ot  their  frustule,  the  term  Distomaticce  was  appUed  to  distinguish  them 
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fi'om  other  families  having  an  umbilicus  only  on  one  valve — Monostoynatico!. 
In  this  plan,  therefore,  Kiitzing  assigned  to  the  circumstance  of  striation  an 
altogether  secondary  place  to  that  of  the  existence  of  a  central  umbilicus, 
asserting  that  the  presence  or  absence  of  transverse  striaj  was  inconstant, 
and  therefore  not  to  be  used  in  generic  distinctions. 

Meneghini  critically  reviews  Kiitzing' s  system  of  classification,  and  points 
out  many  anomalies  and  errors  in  it.  "  In  the  thi'ee  proposed  tribes,''  re- 
marks this  author,  "  we  have  unnatural  dismemberments  and  associations. 
The  same  conclusion  prevails  also  in  respect  to  the  six  orders,  as  weU  as  to 
the  ulterior  divisions  ia  the  first  two,  taken  from  the  continuity  or  inter- 
ruption of  the  strise  and  the  presence  of  one  or  two  stomatic  apertures  "  (op. 
cii.  p.  492).  Por  instance,  he  asserts  that  the  character  of  the  median 
aperture,  given  as  distiactive  of  Tabellarieoi  from  Striatellece,  is  absolutely 
false ;  and  he  doubts  generally  of  the  presence,  constancy,  and  value  of  a 
median  aperture  in  fi-aming  such  distinctions  as  Kiitzing  has  done.  The 
Actiniscece  he  would  separate  from  the  Diatomese. 

Again,  proceeding  on  the  principle  that  no  one  character  can  be  allowed 
an  absolute  value,  he  divides  the  Diatomese  mto  two  sections,  the  Actiniscece 
and  LoricatcE.  Of  the  latter  he  would  create  8  families :— 1.  Eunohece ; 
2.  F)'arjilariece  (uniting  with  them  the  Mericliece,  Striatellece,  and  Tcibellariece)  ; 
3"  Melosirece,  comprismg  the  Goscinocliscece,  TripocliscecB,  Anguliferce,  Bid- 
ciulpUecB,  and  Angulatce ;  4.  Cocconeiclem ;  5.  AcJinanthece ;  6.  Cymbellece; 
7.  Naviculece  (with  aU  the  Surirellece) ;  8.  GompJionemece  (with  all  the 
lAcmophorece,  except  the  genus  LicmopJiora)."  ... 

To  the  presence  or  absence  of  an  external  muco-gelatmous  mvestment 
around  the  siHcious  frustules,  this  natui-alist  gave  Uttle  weight  in  fi-ammg  a 
classification,  reckoning  it,  together  with  the  existence  or  not  of  a  pedicle 
or  of  concatenation,  as  scarcely  admissible  in  the  identification  ot  species. 

On  the  other  hand.  Prof.  Smith  has  employed  these  cu-cumstances,  con- 
sidered in  relation  to  the  process  of  self-division,  as  the  basis  of  his  system 
of  classification.  He  would  look  to  the  phenomena  of  reproduction  as  the 
most  sure  basis  ;  but  in  the  absence  of  precise  information,  except  m  a  lew 
instances,  these  are  at  present  inappHcable,  and  self-division  seems  to  him 
"  to  come  next  in  order,  as  a  most  important  function  connected  with  in- 
crease and  growth,  and  to  supply  the  necessary  variety  of  phenomena  on 
which  to  ground  our  sectional  divisions."  And  he  thus  proceeds  to  explam 
his  plan  (Synops.  i.  p.  xxviii): —  .r.      ■  ■     •  „ 

"  I  have  therefore  separated  those  forms  where  self-division  is  accom- 
nanied  by  the  secretion  of  a  pennanent  gelatinous  or  membranaceous  envelope, 
in  which  the  frustules  are  subsequently  imbedded,  fi'om  those  m  wliich  such 
secretion  is  altogether  absent,  or  is  represented  merely  by  a  cushion  or 
stines  to  which  the  fnistules  are  attached  by  a  small  portion  of  their  sur- 
face •  'and  I  have  placed  the  latter,  as  of  simpler  organization,  in  my  first 
tribe'  arranging  the  genera  belonging  to  it  into  subtribcs,  depending  upon 
the  nermanency  or  othei-wise  of  the  connecting-membrane,  another  product 
of  the  self-dividing  process.  This  enables  me  to  place  apart  those  genera 
whose  species  present  us  with  fmstules  in  which  the  union  of  the  ceUs  is 
Sssolved  almost  immediately  upon  the  completion  of  self-division,  as  weU  as 
Zse  where  a  cushion  or  stipes  stiU  maintams  a  kmd  of  mdii-ect  mdividuahty 
in  the  divided  frustules,  from  the  genera  in  which  the  ceUs  cohere  after 
Smmiparons  increase,  and  by  such  coherence  form  filaments  of  yanous 
lenThs  and  fonns,  aUotting  the  latter  to  subtribes  whidi  respectively  pre- 
sent a  compressed  filament,  a  zigzag  cham,  or  a  cylmdrical  thread.    In  the 
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second  tribe,  including  those  genera  which  have  frondose  forms,  I  find  cha- 
racters for  my  subtribes  in  the  natui-e  of  the  frond  and  the  arrangement  of 
the  fi'ustules. 

"  I  do  not  propose  this  arrangement  as  fi-ee  from  exceptions  or  even  senous 
defects  ;  but  I  have  adopted  it  in  preference  to  those  hitherto  given,  as  bring- 
ing more  frequently  together  forms  allied  in  structui-e  and  mode  of  growth, 
and  as  being  at  the  same  time  more  strictly  in  accordance  with  the  external 
physiognomies  of  these  organisms,  and  therefore  more  Hkely  to  be  appre- 
hended by  the  raquirer  entering  upon  the  study  of  this  department  of  nature. 
A  wider  study  of  Diatomaceous  forms  will  doubtless  lead  to  more  accurate 
and  more  natural  generalizations." 

We  subjoin  the  systems  of  classification  proposed  by  Kiitzing  and  by 
Smith.    The  former  is  presented  in  a  tabular  form — 


DIATOME^. 


Order  I. 

ASTOMATIC^ 

Without  a  central  ■ 
opening  on  the 
secondary  side. 


*  Transverse  strife  unbroken. 
Family  1.  Eunotiese. 

  2.  Meridiese. 

  3.  FragUaxiese. 

**  Sti'ise  broken  (interrupted)  in  the  median  line. 
Family  4.  Melosirese. 


Tribe  m. 
Areolataj. 


Order  II. 

StOMATICjE. 

With  the  central 
opening. 


Order  I. 

ASTOMATIC^. 

Without  median 
aperture  on  se- 
condary side. 
Order  II. 
Stomatice. 
With  a  large  dis- 
\^       tinct  one. 

Order  I. 

•DlSCIFOEM^. 

Order  II. 

]  ApPENDICULAT/E. 

Appended  doubt- 
ful  forms. 


6.  SurireUese. 

O.  MONOSTOMATIC^. 

Family  6.  Cocconeidese. 
  7.  Achnantheas. 

b.  DiSTOMATIC/E. 


f  Having  a  median  aperture  on  only 
\    one  of  the  two  secondary  surfaces. 


Family  8.  CymbeUesB. 

  9.  Gomphonemete. 

  10.  Naviculeae.  » 


/With  a  median  aperture  on  each 
\    secondary  surface. 


11. 
12. 


Licmophorete. 
Striatellese. 


13.  TabeUarieee. 


14. 
15. 
16. 
17. 
18. 
19. 


Coscinodisceee. 

Anguliferse. 

Tripodiscea?. 

Biddulphie83. 

Angulatas. 

Actinisceoe. 


The  Synoptical  Table  of  Prof.  Smith  contains  only  those  genera  then 
known  in  Britain ;  but  since  the  date  of  its  publication  not  a  few  others 
have  been  added  to  the  list. 

Class  CEYPTOGAMIA, 

Subclass  ALG^.      Natuhal  Oeder  DIATOMACEJE. 

_  Plant  a  Frttstule  ;  consisting  of  a  unilocular  or  imperfectly  septate  cell 
invested  with  a  bivalve  sUicious  epidermis.    Gemmipakous  incbease,  by 
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Self-Division  ;  during  whicli  process  the  cell  secretes  a  more  or  less  sili- 
cious  Connecting  Membbane.  Eepboduction,  by  Conjugation  and  the 
formation  of  Sporangia. 

Tbibe  I.  Frustules  nalced  ;  not  imbedded  in  gelatine  nor  enclosed  in  mem- 
branaceous tubes. 

Stjbteibe  1.  Connecting  membrane  deciduous;  frustules  solitary  or  du- 
ring self-division  in  pairs,  rarely  in  greater  numbers, 
adherent  or  free,  dispersed,  or  aggregated  into  a  mucous 
stratum. 

22  Geneba.  Epithemia,  Eunotia,  CymbeUa,  Amphora,  Cocconeis, 
Coscinodiscus,  Eupodiscus,  Actinocyclus,  Arachnoi- 
discns,  Triceratium,  Cyclotella,  Campylodiscus, 
SurireUa,  TrybUonella,  Cymatopleura,  Nitzschia, 
Amphiprora,  Amphipleura,  Navicula,  Pinnularia, 
Stauroneis,  Plem-osigma. 

StTBTEiBE  2.  Connecting  membrane  subpersistent ;  frustules  after  self- 
division  attached  by  a  gelatinous  cushion,  or  dichoto- 
mous  stipes. 

7  Geneba.  Synedra,  Doryphora,  Cocconema,  Gomphonema,  Po- 
dosphenia,  Ehipidophora,  licinophora. 
Subtbibe  3.  Connecting  membrane  evanescent,  or  obsolete  ;  frustules  after 
self-division  united  into  a  compressed  filament. 

12  Geneba.  Meridion,  BaciUaria,  Himantidiimi,  Odontidimn,  Den- 
ticnla,  Eragilaria,  Eucamxiia,  Achnanthes,  Achnan- 
thidium,  Ehabdonema,  Striatella,  Tetracyclns. 

Stjbtbibe  4.  Connecting  membrane  subpersistent ;  frustides  after  self- 
division  United  into  a  zigzag  chain. 
6  Genera.  Diatoma,  Grammatophora,  Tabellaria,  Amphitetras, 
Biddulphia,  Isthmia. 

SuBTBiBE  5.  Connecting  membrane  subpersistent  as  a  silicious  annulus ; 

frustides  after  self-division  united  into  a  cylimlrical 
filament. 

3  Geneba.  Podosira,  Melosira,  Orthosira. 

Tbibe  II.  Frustides  invested  with  a  gelatinous  or  membramceous  ^velope. 
Stjbtbibe  6,  Frond  indefinite,  mammillate  ;  frustules  scattered. 

1  Genus.  Mastogioia. 

Subteibe  7.  Frond  definite,  compressed  or  globular  ;  frustides  scattered. 

2  Geneba.  Dicldeia,  Berkeleyia. 

SuBTBiBE  8.  Frond  definite,  filamentous  ;  frustules  in  rows. 

3  Geneba.  Encyonema,  CoUetonema,  Scliizonema. 
Subteibe  9.  Frond  definite,  filamentous  j  frustules  fasciculated. 

1  Genus.  Homoeocladia. 

On  the  Mode  of  obtaining  Diatomeje.  Peepaeation  of  Diatomaceous 
Deposits  mixed  with  Mud  oe  in  ttie  Fossil  State.  Pbesebvation  of  Spe- 
cimens. Many  hints  on  the  obtaining  of  specimens  of  Diatomea3  are  scat- 
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tered  in  previous  sections  of  this  history  of  the  Order,  pai-ticularly  in  that 
on  their  habitats  (p.  75) ;  yet,  to  make  the  directions  complete,  additional 
details  ai-e  necessary. 

Where  Diatomea;  in  the  living  state  exist  in  any  considerable  number, 
they  usually  form  a  brilliant  cinnamon,  or  sometimes  an  oUve-brown  film  or 
patch,  and  thereby  become  visible  to  the  naked  eye  or  to  an  ordinaiy  lens, 
adherent  to  various  water- weeds,  to  decayed  portions  of  wood,  leaves,  or 
other  floating  substances,  or  as  a  patch  on  the  mud  at  the  bottom,  or  other- 
wise floating  on  the  surface  of  the  pond  as  a  scimi  or  film.  Besides  such 
positions  and  such  collections,  Diatomete  exist  diflused  more  or  less  abun- 
dantly thi'ough  the  water  or  in  the  mud  itself  (see  p.  75  et  seq.). 

When  seen  adherent  to  an  aquatic  plant,  the  process  of  collection  is  very 
simple — ^by  carefully  gathering  or  removing  the  plant  from  the  water  and 
washing  it  to  detach  the  Diatomaceous  fi-ustules,  if  these  cannot  be  more 
advantageously  viewed  whilst  stiU  adherent  to  its  stem  or  leaves.  So,  too, 
where,  mostly  in  conjunction  with  other  organisms,  the  Diatomese  float  in 
mass,  like  a  scum  on  the  sui-face,  nothing  is  easier  than  to  lightly  skim  the 
collection  from  the  sui-face.  But  when  the  layer  of  fmstules  reposes  on  the 
surface,  or  is  more  or  less  intermixed  with  the  mud,  some  additional  pre- 
cautions are  requii-ed  in  their  collection,  unless  indeed  the  film  has  sufficient 
tenacity,  by  cohesion  of  its  component  fmstules,  as  in  the  case  of  Schizonemeae, 
to  allow  of  its  being  raised  en  masse  upon  some  thin  flat  instrument,  a  spoon 
or  spatula,  insinuated  beneath  it. 

The  general  methods  of  collection  applicable  to  the  Desmidiese  and  other 
minute  Algse  are  equally  so  to  the  Diatomese,  whilst  various  modifications 
will  suggest  themselves  to  the  mind  of  every  practical  naturahst  to  meet  the 
varying  circumstances  imder  which  he  makes  the  collection.  Mr.  Ealfs  has 
kindly  furnished  us  with  notes  on  this  point.  He  writes — "  It  is  often 
difficult  to  procure  clear  specimens  of  those  species  which  form  strata  on 
mud ;  most  of  them,  however,  can  be  obtained,  tolerably  free  fi-om  the  mud 
on  which  they  congregate,  by  the  following  method,  which  is  applicable  both 
to  those  found  in  marine  situations  and  to  those  gathered  from  the  wayside. 
When  the  water  is  somewhat  dried  up,  if  the  finger  be  pressed  upon  the 
stratum  with  a' gentle  force,  the  Diatomacese  will  adhere  to  the  finger,  and 
may  then  be  removed  by  scraping  them  off  upon  a  piece  of  linen  folded  over 
the  edge  of  a  tin  box  or  of  a  knife ;  by  repeating  this  process,  a  sufficient 
quantity  can  easily  be  collected.  At  first,  probably,  a  portion  of  mud,  espe- 
cially if  very  wet,  will  also  be  taken  up ;  but  a  little  practice  will  soon  show 
the  force  requisite  for  places  where  the  water  is  plentiful,  and  for  those 
where  it  is  nearly  dried  up.  Specimens  thus  collected  can  be  prepared  for 
mounting  with  much  less  trouble  than  if  gathered  mixed  with  a  large  quan- 
tity of  dirt." 

When  it  is  wished  to  capture  firustules  diffused  in  water,  a  piece  of  musHn 
may  be  used  as  a  filter,  just  as  for  Desmidieae,  and  the  residue  left  upon 
it  examined  as  it  is,  or,  if  required,  washed,  to  detach  foreign  matters  mixed 
with  it.  Where  some  admixture  of  mud  is  unavoidable,  frequent  washing  of 
the  collected  substance  Avill  often  siiffice  to  separate  sufficientiy  the  silicious 
frustules  from  the  other  particles — the  heavier  grains  of  sand  sinldng  to  the 
bottom  of  the  vessel,  while  the  Diatoms  ai-e  still  suppended  in  the  fluid  ;  and 
on  the  other  hand,  the  decayed  organic  and  other  matters,  lighter  than  the 
frustules,  will  remain  in  the  supernatant  liquid  after  the  latter  are  precipi- 
tated. Repeated  careful  decanting  and  washing  may  be  all,  tlierefore,  that  is 
required. 

Another  method  applicable  to  recent  living  specimens,  dependent  on  the 


104 


GENEEAL  HISTORY  OF  THE  INFUSOEIA. 


tendency  towards  the  light,  at  least,  of  many  species,  may  be  adopted  by 
placing  the  half-liquid  mud  ia  shallow  pans  or  plates  in  the  sunshine,  when 
many  species  may  be  fotmd  to  rise  as  a  film  on  the  surface,  or  to  congregate 
near  the  edge  or  sides  of  the  vessel. 

When  the  fnistules  are  much  intermixed  with  mud,  which  is,  under  cer- 
tain circumstances,  inevitable,  various  plans  have  been  adopted  for  separating 
them  for  examination.  Mr.  Okeden  detaUs  the  following  plan,  which,  with 
certain  modifications  to  be  mentioned,  has  been  described  also  by  Dr.  H. 
Munro : — 

"  The  plan  "  {J.  M.  S.  1855,  pp.  158, 159)  "  consists  in  making  the  deposits 
fall  through  a  constant  depth  of  water,  in  various  periods  of  time ;  thus 
dividing  the  Diatoms,  according  to  their  sizes,  into  portions  of  several  dif- 
ferent gravities."  It  is  thus  carried  out :  "  Take  about  a  cubic  inch  of  the 
clay  to  be  examined,  digest  it  for  about  four  hours  in  strong  nitric  acid  at  a 
moderate  temperature  ;  now  add  gradually  an  equal  quantity  of  hydrochloric 
acid,  effervescence  takes  place,  a  further  action  on  the  clay  ensues ;  keep 
boiling  for  about  thi-ee  hours  more,  occasionally  stirring,  and  then  allow  the 
mixture  to  cool  and  settle  down,  which  it  will  do  in  about  an  hour ;  pour  oft 
the  superfluous  acid  and  wash  the  residue  repeatedly  with  water,  so  as  to  get 
rid  of  the  remaining  acid. 

"  The  next  operation  is  to  divide  the  sediment  into  portions  of  various 
specific  gravities :  for  this  purpose  it  is  necessary  to  have  several  beakers, 
about  3  or  4  inches  in  height,  and  about  1^  to  2  inches  in  diameter ;  also 
one  very  large  beaker,  about  6  to  9  inches  in  diameter :  we  wiU  call  the  large 
beaker  A.    Now  transfer  the  sediment  into  one  of  the  small  beakers,  and 
pour  in  water  tiU  there  is  just  2  inches  depth  of  water  in  the  glass.  Stir, 
and  let  stand  half  a  minute  by  the  watch,  and  then  pour  off  carefuUy  into 
the  large  beaker  A ;  repeat  this  about  half  a  dozen  times,  each  time  pounng 
off  into  A  aU  that  does  not  faU  thi-ough  the  2  inches  of  water  in  the  halt- 
minute,  and  at  last  the  small  beaker  wiU  contain  only  what  falls  thi-ough 
2  inches  of  water  in  half  a  minute.    Now  let  A  stand  about  half  an  hour, 
poui'  off  carefuUy,  and  transfer  the  sediment  in  A  to  another  small  beaker  ; 
put  2  inches  of  water  with  it,  stir  and  let  stand  for  2^  minutes,  then  pour 
off  into  A.    Eepeat  this  about  six  times,  and  there  will  now  be  another  smaU 
beaker  containing  aU  that  faUs  through  2  inches  of  water  m  2^  minutes 
whUe  in  A  is  aU  that  does  not  fall  through  that  distance  in  that  period.  I.et 
A  stand  half  an  hour,  pour  off  and  transfer  the  sediment  to  another  small 
beaker,  stir  and  let  it  standee  minutes,  pour  off  into  A  as  before,  and  repeat 
this  as  before  about  six  times.    There  is  now  another  beaker,  containing  all 
that  faUs  thi'ough  2  inches  of  water  in  5  minutes.   After  this  I  do  not  di^de 
them  any  fiu'ther,  but  caH  the  last  remainder,  or  what  remains  m  A  alter 
it  has  stood  its  half-hoiu',  '  Not  in  five  minutes.'     Thus  we  have  tour 
different  glasses,  containing  Diatoms  and  clay  mixed,  of  foiu-  different  densi- 
ties :  thus,  0  to  I ;  i  to  2| ;  2i  to  5  ;  not  in  5.    There  is  now  a  method  ot 
concentrating  the  coarsest  of  these  sediments,  namely  the  0  to      tne_  ^  to 
2i  and  sometimes  the  2\  to  5.    It  consists  in  taking  the  beaker  containing 
the  sediment  and  poming  about  an  inch  of  water  on  it.    Let  it  settle  about 
5  minutes,  and  then  place  the  glass  on  a  table,  and  impart  a  whirling  motion 
to  the  whole  by  moving  it  roimd  and  round,  when  the  greatest  portion  ot  tlie 
Diatoms  wiU  rise  up  in  a  sort  of  eddy,  while  the  pai-ticles  of  mud  or  sand 
wiU  remain  at  the  bottom,  even  though  they  are  of  the  same  specific  gravity 
as  the  Diatoms,  and  have  faUen  through  the  same  distance  ot  water  in  the 
same  time     This  is  because  the  Diatoms  are  mostly and  tlnn  while  the 
particles  of  sand  and  mud  ai-e  round;  in  the  same  way,  if  we  take  a  round 
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pebble  and  an  oyster-sliell  both  of  the  same  weight,  and  thi-ow  both  hon- 
LtaUy  into  the  water,  the  pebble  will  reaeh  the  bottom  sooner  than  the 
ovster-sheU.  So,  when  the  whii'Ilng  motion  is  imparted  to  the  glass,  the  thin 
flat  shells  of  the  Diatoms  wiU  rise  up  in  a  cloud,  while  the  round  particles  of 
mud  and  sand  will  remain  behind ;  when  the  cloud  uses  up,  pour  it  off  quickly 
and  dextrously  into  another  glass,  and,  if  necessary,  repeat  the  process ;  and 
a  little  practice  ^^dU  enable  the  operator  to  separate  aU  the  Diatoms  most 
effectuaUy.  I  have  said  before  that  this  process  wiU  only  apply  to  the  0  to  ^, 
4  to  2-L,  and  sometimes  the  21  to  5  sediment,  but  not  to  any  finer  one; 
practice  will  soon  teach  this.  The  '  not  in  5  '  cannot  be  concentrated— it  is 
too  fine,  and  the  whole  rises  together  on  imparting  the  whirhng  motion  to  it. 

"  It  is  not  necessary  to  abide  invariably  by  the  divisions  of  time  which  i 
have  given  here. 

"  These  must  be  varied,  of  course,  according  to  the  nature  of  the  clay  to  be 
examined.  For  instance,  in  a  clay  I  have  recently  tried  from  34  feet  below 
the  bed  of  the  river  at  Cardiff,  nearly  the  whole  of  what  was  left  after  the 
0  to  1  fell  in  the  ^  to  21.  I  therefore  divided  it  thus  :  0  to  1,  1  to  and 
11  to  21 ;  a  little  practice  will  soon  teach  this. 

"  The  advantages  of  the  plan  are,  I  think,  obvious.  In  the  first  or  coarsest 
sediments  we  get  aU  the  larger  and  finer  Diatoms  by  themselves,  unmixed 
with,  and  consequently  unobscured  by,  the  innumerable  smaller  ones  and 
the  fine  particles  of  mud  and  sand,  while,  if  any  of  them,  such  as  the  Ewpo- 
disci  or  Campylodisci,  are  rare,  they  are  sure  to  be  found  in  either  the  first  or 
second  division  of  densities,  and  by  their  being  concentrated  and  brought  as 
it  were  into  a  smaU  compass,  the  detection  of  them  is  easy  and  certain. 

"  In  the  next  division,  or  the  21  to  5,  we  shall  find  the  moderate-sized 
Diatoms^  and  lastly,  in  the  '  not  ia  5,'  we  get  a  mass  of  the  remaining  and 
smaller  Diatoms,  all  of  which  smaU  ones  are  themselves  the  more  readily  seen 
and  identified  when  separated  from  their  larger  brethren. 

"  I  would  ventui-e  to  add,  moreover,  that  I  think  the  examination  of  these 
deposits  for  the  various  species  is  much  facilitated,  as  the  slides  containing 
the  0  to  11  sediment  may  be  examined  with  the  inch  objective,  the  l-inch. 
will  do  to  examine  the  11  to  21  and  21  to  5,  while  the  l-inch  need  not  be 
used  till  we  come  to  the  '  not  in  5 ; '  whereas,  were  they  all  mixed,  the  l-incli 
would  be  required  to  examine  the  whole. 

"  I  should  add,  that  what  is  poured  off  the  large  beaker  A,  after  it  has 
stood  the  half-hour  each  time,  may  be  flung  away  and  the  sediment  only 
transferred  to  the  smaU  beakers,  as  from  the  large  size  of  it  there  will  rarely 
be  more  than  2  inches  depth  of  water  in  it,  and  half-an-hour  is  ample  time 
to  ensure  every  diatomaceous  particle  falling  to  the  bottom  and  being  pre- 
sei-ved  and  detected  ia  one  or  the  other  of  the  divisions." 

Dr.  Munro's  plan  is  a  variation  of  the  above  proceeding,  and  is  thus  de- 
tailed (/.  M.  S.  1855,  p.  242) :  "  I  fii-st  boil  the  deposit  in  strong  hydi-ochloric 
acid  for  five  or  ten  minutes,  then  allow  it  to  subside,  poui-  off  all  the  acid,  and 
by  a  few  washings  get  as  much  of  it  away  as  possible  ;  then  treat  the  deposit 
in  the  same  way  wdth  strong  nitric  acid,  washing  the  deposit  by  repeated 
washings  to  get  rid  of  the  remaining  acid.  When  tliis  is  done,  I  then  sepa- 
rate the  Diatoms  according  to  their  different  gravities  by  aUoAving  them  to 
pass  through  a  column  of  water  in  the  foUoAving  manner : — 

"  I  take  a  long  glass  tube  about  foiu-  feet  long  and  half  an  inch  in  bore. 
At  the  bottom  of  this  tube  is  fixed  a  stop-cock  to  enable  me  to  let  out  any  of 
the  Dia,toms  during  any  stage  of  the  process.  Having  nearly  filled  this  tube 
with  distilled  water,  I  pour  in  my  deposit  washed  free  from  the  acids.  I 
watch  the  deposit  as  it  fdls  slowly  and  gradually  down  the  tube,  and  with  a 
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Coddington  lens  can  easily  detect  the  larger  Diatoms  as  they  are  precipitated. 
In  about  a  quarter  of  an  hour,  many  of  the  larger  forms  will  have  descended 
to  the  bottom  of  the  tube.  By  tiirning  the  tap  at  the  bottom  of  the  tube,  I 
let  out  a  drop  of  the  mixture  on  a  slide,  and  examine  it  with  a  low  power 
(■|-inch)  ;  and  if  it  be  tolerably  clear,  and  the  Diatoms  of  one  character,  I  then 
let  off  five  or  six  inches  of  the  mixture  into  a  test-tube,  and  set  it  aside  for 
re-examination  after  the  Diatoms  have  subsided.  In  a  quarter  of  an  hour 
more,  I  again  let  off  into  another  test-tube  six  or  eight  inches  more  of  the 
mixture,  and  place  it  aside  to  settle.  In  half  an  hour  more  I  let  off  into 
another  test-tube  six  or  eight  inches  of  the  mixture,  which  will  contain  the 
finer  Diatoms  by  themselves,  generally  free  from  all  mud  and  sand.  I  then 
pass  each  of  these  washings  again  through  the  long  tube  of  distilled  water ; 
and  by  examining  the  mixture  during  the  process  of  its  subsidence,  I  am 
enabled  to  let  out  the  heavier  particles  of  sand  or  mud,  and  to  obtain  pretty 
clean  all  those  Diatoms  which  are  alike  in  size,  or  at  all  events  in  specific 
gi-avity.  Some  Diatoms  take  a  longer  time  than  others  in  settling  to  the 
bottom  of  the  tube,  and  separating  themselves  from  extraneous  matter,  such 
as  the  Nitzschia,  CJosterium,  &c. ;  but,  by  a  little  patience,  and  an  extra 
washing  through  the  tube,  these  difficulties  may,  in  a  great  measui-e,  be 
overcome.  By  this  method,  I  have  found  the  Pleurosigmata,  Pinnularice, 
Surirellce,  and  Synedrce  very  weU  separated,  those  of  a  Hke  character  being 
found  together.  I  have  been  stimiilated  to  send  these  few  remarks  on  the 
washing  of  Diatomaceae,  on  accoimt  of  the  great  difficulty  I  have  hitherto 
experienced  in  procuring  slides  free  from  mud,  sand,  and  other  extraneous 
matters." 

Mr.  Okeden  offers  the  following  plan  for  obtaining  specimens  imbedded  in 
mud  at  considerable  depths,  in  making  borings  for  engineering  purposes.  He 
prefaces  the  description  of  his  apparatus  by  that  of  the  usual  boring  ap- 
paratus, which  "  consists  essentially  of  any  number  of  iron  rods  "  (J.  M.  S. 
1854,  p.  26),  "which  screw  one  into  the  other  ;  to  one  of  these  is  screwed  an 
auger  or  a  chisel-point,  as  the  case  may  require.  This  is  inserted  into  the 
groimd  to  be  tested,  and  worked  round  by  manual  force  and  downward  pres- 
sure, length  after  length  of  rod  being  added  as  the  ground  is  penetrated.  In 
addition,  then,  to  this  apparatus,  I  obtained,  first,  several  lengths  of  wrought- 
iron  gas-pipe,  about  an  inch  in  diameter,  and  each  screwing  into  the  other ; 
and  also  a  similar  number  of  iron  rods,  each  a  few  inches  longer  than  the 
lengths  of  gas-piping,  and  each  also  screwing  into  the  other :  to  the  end  of 
one  of  these  lengths  of  rod  is  attached  a  cork  of  the  exact  diameter  of  the 
gas-pipe,  or  a  trifle  larger.  This  cork  is  fixed  by  a  washer  and  nut.  The 
gas-piping  should  be  in  lengths  of  about  8  feet  each,  as  this  is  the  most  con- 
venient in  work  :  one  of  these  lengths  should  also  be  again  divided  into  two 
parts,  which  must,  however,  screw  and  unscrew ;  and  tliis  length  is  to  be 
the  one  Jirst  put  into  the  ground  or  mud,  for  reasons  which  I  will  presently 
explain. 

"  The  mode  of  proceeding  is  as  follows :  Fii'st,  a  hole  is  bored  to  the  required 
depth — say  20  feet — with  the  usual  boring  apparatus ;  this  done,  the  appa- 
ratus is  drawn  out,  the  jointed  length  of  gas-pipe  is  now  introduced, — the  end 
of  it,  with  the  rod  to  which  the  cork  is  attached,  having  been  previously 
stopped,  the  rod  passing  up  the  centre  of  the  gas-pipe ;  this  is  let  down  the 
hole,  another  length  of  pipe  being  attached,  and  another  length  of  rod,  and 
so  on,  length  after  length  of  pipe  and  rod,  until  the  bottom  of  the  hole  is 
reached.  We  shall  thus  have  a  continuous  length  of  gas-piping,  which  wUl 
be  penetrated  by  a  continuous  length  of  iron  rod  attached  to  the  cork  at  the 
end  of  the  pipe.   It  is  obvious  that  this  cork  will  entirely  prevent  any  foreign 
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matter  from  entering  the  gas-pipe.  Having  thus  reached  the  bottom  of  the 
hole,  now  pull  up  the  cork  into  the  gas-pipe  about  4  feet,  by  means  of  the 
rod  attached  to  it,  and  then  press  the  whole  appai^atus  into  the  soft  mud. 
The  pressm-e  will  now  diive  the  mud  up  into  the  pipe  as  far  as  the  cork  is 
drawn  up.  Now  remove  the  whole  apparatus,  and  by  means  of  the  rod  push 
the  cork  back  again  to  the  end  of  the  last  length  of  pipe,  when  the  charge  of 
mud  wiU  be  driven  out  in  the  form  of  a  sausage ;  and  by  rejecting  the  two 
ends  of  it,  and  taking  only  the  middle  piece,  we  may  be  perfectly  sure  that 
the  mud  at  that  depth,  and  that  only,  has  been  obtained. 

"  Having  secured  the  prize,  the  short  length  of  piping  which  contained  it 
is  now  to  be  unscrewed,  and  carefully  washed  with  a  common  gun- cleaning 
rod  and  some  tow,  when  it  is  ready  for  another  experiment. 

"  With  this  apparatus,  then,  I  have  penetrated  Neyland  mud  in  various 
places  to  depths  of  20,  30,  and  40  feet." 

The  Diatomese  existing  often  so  abimdantly  in  Guano  may  be  separated  on 
a  simpler  plan  to  that  pursued  in  the  case  of  sedimentary  deposits  and  col- 
lections of  fossil  specimens.  The  proceeding  is  always  preceded  by  several 
washings  in  clear  water,  and  by  pouring  it  off  carefully,  after  allowing 
a  sufficient  time  for  the  insoluble  and  more  weighty  particles  to  subside. 
The  subsided  matter  is  then  treated  with  hydrochloric  (miuiatic)  acid  several 
times, — a  due  interval  being  allowed  for  the  cessation  of  effervescence  and 
for  the  solid  particles  to  settle  before  the  decanting  of  the  liquid  and  the  ap- 
plication of  a  fresh  quantity.  When  the  muriatic  acid  ceases  to  produce  any 
chemical  action,  as  evidenced  by  effervescence,  nitric  acid  should  be  substi- 
tuted and  used  in  a  similar  way  two  or  three  times,  and  the  mixture  raised 
to  nearly  or  quite  a  boiling  heat,  after  which  the  powder  collected  at  the 
bottom  of  the  vessel — a  conical  one  should,  by  the  way,  be  preferred,  such  as 
chemists  know  by  the  name  of  "  precipitate  glasses  " — ^is  to  be  washed  re- 
peatedly in  pure  water.  The  resultant  substance  will  be  found  to  be  com- 
posed of  sihcious  particles,  which  are  either  Diatomaceous  frustules  or  the 
siHcious  spicules  of  Sponges. 

Prof.  Bailey,  in  a  recent  number  of  Silliman's  Journal,  1856  (p.  145),  re- 
commends the  following  method  of  cleaning  Diatomaceous  deposits,  as  more 
speedy  and  efficacious  than  any  other  he  has  tried,  whether  mixed  with 
soundings,  guano,  or  with  mud,  &c. : — "  Dissolve  out  the  lime  compounds,  if 
present,  by  means  of  nitric  or  hydrochloric  acid,  wash,  and  filter.  Then  put 
the  moist  contents  of  the  filter  into  a  porcelain  capsule  with  enough  strong 
sulphuric  acid  to  make  the  whole  a  fluid  mass.  Heat  the  capsule  over  a  spirit- 
lamp  imtil  the  organic  matters  are  all  charred,  and  continue  the  heat  until 
strong  acid  fumes  are  evolved.  Keep  the  capsule  hot,  and  add,  in  minute 
portions  at  a  time,  finely  powdered  chlorate  of  potassa.  If  the  acid  is  hot 
enough  to  give  off  fumes,  the  chlorate  wiU  be  immediately  decomposed  with- 
out the  accumulation  of  explosive  gases,  and  it  wiU  exert  so  powerful  an 
oxidizing  action,  that  in  a  few  moments  a  carbonaceous  material  as  black  as 
iak  vsill  become  perfectly  clean  and  colourless.  Nothing  now  will  remain  to 
be  done  but  to  wash  off  the  acid,  which  is  best  done  by  the  addition  of  water 
and  repeated  decantations.  I  would  also  advise  that  the  materials  thus  cleaned 
should  not  be  dried,  but  should  be  kept  in  bottles  with  a  little  alcohol,  which 
prevents  their  felting  together,  and  does  not  allow  the  growth  of  the  byssoid 
plants  which  often  develope  in  water. 

"  It  is  necessary  to  caution  those  not  familiar  with  chemistry  against  using 
the  chlorate  of  potassa  with  sulpliuric  acid  in  any  other  way  than  above  di- 
rected, as  violent  and  dangerous  explosions  might  result.  The  process  as 
above  given  is  perfectly  safe  and  very  effective." 

Another  plan  of  separation  of  the  shells  of  DiaLoracfe  or  of  Foraminifera 
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is  successfully  adopted  by  Prof.  Bailey  and  D'Orbigny,  and  is  thus  described 
by  the  former  (^Proceedings  of  American  Assoc.  for  the  Advancement  of  Science, 
1849,  p.  409) : — "  Where  the  mixture  of  inorganic  matter  is  in  large  propor- 
tion to  the  Infiisoria  and  other  microscopic  organisms,  and  corresponds  nearly 
in  specific  gravity,"  the  deposit  is  to  be  thoroughly  dried,  whereby  the  minute 
imbroken  shells  will  become  filled  with  air,  and  consequently  when  rapidly 
stirred  up  with  water  they  wiU  be  buoyed  up,  and  continue  suspended  after 
the  intermixed  sand  has  settled  at  the  bottom.  They  may  then  be  easily  re- 
moved from  the  sui-face  and  transferred  by  alternately  touching  the  siirface 
of  the  water  with  the  finger,  and  the  glass  shde  on  which  they  are  to  be  placed. 
Tlie  sediment,  if  dried  again,  will  often  yield  another  abundant  supply  of  the 
minute  shells.  "  By  the  above  means,"  adds  Dr.  Bailey,  "  I  have  obtained 
exquisite  specimens  from  the  bottom  of  dried-up  ponds,  from  the  sands  of 
harbours,  and  from  the  mud  attached  to  floatiag  ice  in  the  Hudson  River, — 
materials  presenting  the  two  extremes  of  very  coarse  gravel  and  the  finest 
sediment,  neither  of  which  would  have  given  good  results  by  any  other 
process." 

In  the  case  of  some  deposits  the  shells  of  the  Diatomaceae  are  so  far  the 
chief  constituents,  that  no  preparation  is  needed  before  subjecting  them  to 
microscopic  investigation. 

The  cohesion  of  Diatomaceous  deposits  is  at  times  so  great  that  a  difficulty 
is  encountered  in  separating  them.  A  method  of  dealing  with  such  is  de- 
tailed by  Prof.  BaiLey  (Sill.  Journ.  1856,  p.  356)  :— "  Many  masses  of  fossU 
Diatomacese  are  so  strongly  coherent,  that  they  cannot  be  diffused  iji  water 
(for  the  pm-pose  of  moimting  in  balsam)  without  a  degree  of  mechanical  vio- 
lence which  reduces  to  fragments  many  of  the  most  beautiful  and  interesting 
forms.  This  is  particularly  the  case  with  some  specimens  from  the  '  infusorial 
deposits '  of  California.  Some  of  these  I  endeavoured  to  break  up  by  boiling 
in  water  and  in  acids,  and  also  by  repeated  freezing  and  thawing  when  moist- 
ened, but  without  good  results  in  either  case.  At  last  it  occurred  to  me  that 
the  adherence  might  be  due  to  a  slight  portion  of  a  silicious  cement,  which 
.  the  cautious  use  of  an  alkaline  solution  might  remove  without  destroying  any 
but  the  most  minute  shells  of  the  Diatoms.  As  the  case  appeared  a  desperate 
one,  a  '  heroic  remedy '  was  applied,  which  was,  to  boil  small  lumps  of  the 
Diatomaceous  mass  in  a  strong  solution  of  caustic  potassa  or  soda.  This  proved 
to  be  perfectly  efficacious,  as  the  masses  imder  this  treatment  rapidly  split  up 
along  the  planes  of  lamination  and  then  crumbled  to  mud,  which,  being  im- 
mediately potired  into  a  large  quantity  of  water,  ceased  to  be  acted  upon  by 
the  alkaH,  and  gave,  when  thoroughly  washed,  not  only  all  the  large  shells 
of  the  Diatoms  in  a  state  of  unhoped-for  perfection,  but  also  fiu-nished  abun- 
dance of  the  minute  forms.  Having  obtained  by  this  method  highly  satis- 
factory results  from  specimens  from  many  localities,  I  can  confidently  recom- 
mend it  as  an  addition  to  our  modes  of  research. 

"  The  following  dii'ections  wiU  enable  any  one  to  apply  the  process : — Put 
small  lumps  of  the  mass  to  be  examined  into  a  test  tube,  with  enough  of  a 
solution  of  caustic  potassa  or  soda  to  cover  them ;  then  boil  over  a  spii-it-lamp 
for  a  few  seconds,  or  a  few  minutes,  as  the  case  may  requii-e.  If  the  solution 
is  sufficiently  strong,  the  masses  wHl  rapidly  cnunble  to  mud,  which  must  be 
poured  at  once  into  a  lai-ge  quantity  of  water,  which,  after  subsidence,  is  re- 
moved by  dccantation.  If  the  mass  resists  the  action  of  the  alkaline  liquor, 
a  stai  stronger  solution  should  be  ti-ied,  as,  wliUe  some  specimens  break  up 
instantly  in  a  weak  solution  of  alkali,  others  require  that  it  should  be  of  the 
consistence  of  a  dense  syrup.  The  mud  also  should  be  pom-ed  oft'  as  fast  as 
it  forms  so  as  to  remain  as  short  a  time  as  possible  m  the  caustic  ley. 

"The  only  specimens  which  I  have  found  not  to  give  good  results  by  the 
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method  above  described,  are  those  from  Tampa  Bay,  Flonda,  and  the  mfii- 
sorial  marls  from  Barbadoes.  In  the  masses  from  Tampa  the  lapidification  is 
so  complete  that  the  alkali  desfei-oys  the  shells  before  the  lumps  break  up ; 
and  in  the  case  of  the  Bai-badoes  marls  the  cementing  material  is  calcareous, 
and  requires  a  dilute  acid  for  its  removal.  In  applying  the  above  process, 
one  caution  is  necessary,  which  is  to  thoroughly  wash  the  shells  with  water, 
and  not  with  acids,  as  the  latter  wiU  cause  the  deposit  of  a  portion  of  the 
dissolved  silica,  and  materially  injui-e  the  beauty  of  the  specimens.  When 
the  washings  are  no  longer  alkaline,  the  specimens  may  be  thoroughly 
cleansed  by  acids,  or  by  the  chlorate  process  described  above." 

A  veiy  ingenious  plan  of  getting  transverse  and  oblique  sections  of  Dia- 
tomaceous  shells  is  mentioned  by  Schleiden  (Principles  of  Botany,  translated 
by  Lanl-ester,  p.  594),  which  is  precisely  similar  to  that  for  obtaining  trans- 
verse sections  of  hair,  as  first  given  in  Pritchard's  Microscopic  Objects.  It 
consists  ia  mixing  any  very  pme  deposit  with  mucilage,  and,  before  the 
mixtiu-e  is  completely  hardened,  cutting  off  delicate  slices  with  a  razor  or 
sharp  knife.  The  preservation  of  Diatomese  for  examination  is,  on  account  of 
their  sihcious  composition,  easy ;  and  it  is  only  ia  the  case  of  the  stalked,  fila- 
mentous, and  frondose  species  that  any  special  arrangements  are  necessary — 
except,  indeed,  those  demanded  ia  order  to  mount  them  as  permanent  micro- 
scopic preparations. 

Before  the  structure  of  the  sUicions  epiderm  can  be  made  out,  the  endo- 
chrome  of  living  specimens  must  be  destroyed,  which  can  be  effected  by  heat- 
ing the  frustules  on  a  piece  of  talc  or  platinum-foil.  But  where  it  is  wished 
to  preserve  them  in  a  fresh  state,  so  that  their  natiu-al  living  appearance  may 
as  far  as  possible  be  retained,  immersion  in  creosote  and  water  is  recom- 
mended by  Mr.  Shadbolt.  Prof  Smith,  however,  finds  distilled  water  supe- 
rior to  any  mixture,  which  is  not  merely  unnecessary,  but  injurious.  "  If," 
says  the  author  last  mentioned,  "  the  filamentous  and  stipitate  forms  are  not 
moimted  in  a  fr'esh  state,  the  frustiiles  separate  from  each  other,  part  fr'om 
their  stipes,  and  lose  their  chai'acteristic  appearance.  To  remedy  these  in- 
conveniences, I  immerse  such  specimens  as  cannot  be  placed  in  cells  when 
freshly  gathered,  in  spirits  of  wine  and  water,  one  part  of  the  former  to  six 
of  the  latter ;  and  their  attachment  to  their  stipes  remains  afterwards  undis- 
turbed, unless  violence  be  employed  to  separate  them," 

Fossil,  and  chemically-prepared  and  diied  specimens  are  usually  preserved 
in  Canada  balsam,  which  is  heated  and  rendered  fluid,  so  that  it  enters  within 
the  cavity  of  the  frustules.  The  fluidity  of  the  balsam  is  increased  by  the 
addition  of  a  little  turpentine  or  rectified  spirit.  The  presence  of  balsam, 
however,  obscures  the  markings  of  the  sUicious  epiderm ;  and  it  has  been 
foimd  better,  where  the  resolution  or  determination  of  the  supei-fieial  sculp- 
turing is  very  difiicult,  to  mount  the  fi-ustules,  in  a  diy  state,  on  a  thin 
object-glass,  and  under  cover  of  a  very  thin  piece.  "  To  prevent  the  admis- 
sion of  moisture,  which  would  ultimately  make  its  way  to  the  object  and  de-  . 
stroy  its  value,  it  is  indispensable  that  the  cover  should  be  cemented  to  the 
thia  glass  below."  {Synops.  i.  p.  xxxii.) 

In  a  collection  of  Diatomeae,  we  may,  by  a  magnifier,  such  as  a  Coddington 
lens,  select  certain  specimens  from  the  rest  to  be  mounted.  This  can  be 
effected,  when  the  size  permits,  by  the  projecting  terminal  hairs  of  a  fine 
camel-hair  pencil,  or  by  the  moistened  tip  of  a  needle  ;  but  if  the  shell  be 
too  minute  for  this,  a  single  stout  hair  or  bristie  will  frequently  sitffice,  and 
more  satisfactoiily  and  readily  if  the  hair  be  split  at  the  end.  Prof.  Iledfem, 
of  Aberdeen,  pointed  out  the  advantage  of  split  hairs  for  the  purpose,  in  a  brief 
communication  to  the  J.  M.  S.  1853,  p.  235.    He  recommends  a  hair,  spUt 
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into  three  to  five  or  six  parts  at  one  extremity,  to  be  fixed  by  the  other  in  a 
piece  of  cork,  and  held  in  a  common  needle-holder.  Such  spht  hairs  are  com- 
mon enough  in  an  old  shaving-brush  ;  but  the  divergence  of  the  split  portions 
should  be  so  slight  that,  until  pressed  upon,  the  hair  should  appear  single  and 
unbroken.  He  has  also  found  entii'e  hairs  very  useful  when  set  in  needle- 
holders  in  a  sinular  manner.  The  split  hairs  act  like  forceps,  expanding  by 
pressure  so  as  to  embrace  the  object,  and  closing  upon  it  by  their  elasticity 
when  the  pressure  is  withdrawn. 

To  select  cei-tain  portions  of  a  collection  of  Diatomese  from  others,  Dr. 
Carpenter  gives  these  directions  {The  Microscope,  p.  340)  : — "  Either  of  the 
two  following  modes  may  be  put  in  practice.  A  small  portion  of  the  sedi- 
ment being  taken  up  in  the  dipping-tube,  and  allowed  to  escape  upon  the 
slide,  so  as  to  form  a  long  narrow  line  upon  it,  this  is  to  be  examined  with 
the  lowest  power  with  which  the  object  we  are  in  search  of  can  be  distin- 
guished ;  and  when  one  of  the  specimens  has  been  found,  it  may  be  taken 
up,  if  possible,  on  the  point  of  the  hair,  and  transferred  to  a  new  slide,  to 
which  it  may  be  made  to  adhere  by  first  breathing  on  its  surface.  But  if  it 
be  found  impracticable  thus  to  remove  the  specimens,  on  account  of  their  mi- 
nuteness, they  may  be  pushed  to  one  side  of  the  slide  on  which  they  are 
lying ;  all  the  remainder  of  the  sediment  which  it  is  not  desired  to  preserve 
may  be  washed  off ;  and  the  objects  may  then  be  pushed  back  into  the  middle 
of  the  slide,  and  mounted  in  any  way  that  may  be  desired."  See  Goring  and 
Pritchaed's  Microscopic  Illustrations,  Microscopic  Gahinet,  and  Micrograpliia 
for  much  original  information  on  these  matters. 
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Sect.  II.— OP  THE  PHYTOZOA. 
(Plates  XVIII.  XIX.  XX.  and  XXYI.) 

The  Beings  inclxtded  under  this  Name  :  theie  Generai  Character.— 
DiYisioN  INTO  GrEoups  OR  Tribes. — ^The  coUectioH  of  microscopic  beings  we 
would  comprehend  under  the  term  Phttozoa  comprises  most  of  the  Anentera 
of  Ehi'enberg,  with  the  exception  of  Amcebcea,  Arcellina,  Dinohryina,  Bacil- 
laria,  Glosterina,  Peridinicea,  and  Cydidina,  After  excluding  these  families, 
there  remain  Monadina,  Cryptomonadina,  Hydromorina,  Volvocina,  Vibri- 
onia,  and  Astasicea,  which,  although  they  exhibit  great  diversity  among 
themselves,  nevertheless  have  certain  characters  in  common,  whilst  their 
mutual  differences  in  essential  particulars  of  organization  and  vital  endow- 
ments are  less  than  those  separating  them  fi-om  the  ciUated  animalcules.  On 
the  other  hand,  they — at  least  the  majority — exhibit  very  marked  genuine 
affinities  with  the  DiATOMEiE  and  DESMmrEiE  as  plants.  In  point  of  fact, 
these  organisms  stand  on  the  confines  between  the  animal  and  vegetable 
kingdoms, — some  genera  distinctly  belonging  to  the  latter,  others  doubtfully 
to  the  former,  whilst  many  pass  through  such  phases  of  existence  that  at 
one  time  they  assume  the  characters  of  animals,  at  another  those  of  plants. 

This  apparently  mixed  animal  and  vegetable  nature  is  expressed  by  the 
term  Phytozoa,  derived  from  two  Greek  words,  signifying  plant-animals. 
Another  term,  used  by  Perty,  viz.  Phytozoida,  is  a  simple  expansion  of  the 
word  Phytozoa,  signifying  literally  animal-K^e  plants.  Cohn  employs  in  its 
stead  the  tenn  Flagellata,  derived  from  the  locomotive  organ  or  Jtagellum 
which  most  species  possess,  whilst  others  prefer  the  word  Flabellifera. 

In  the  opinion  of  the  majority  of  modern  writers,  the  Phytozoa  are  in 
general  undistinguishable  from  unicellular  Algse,  among  the  different  families 
of  which  they  consequently  seek  to  distribute  them  ;  and  doubtless  the 
creation  of  such  a  group  is  purely  artificial,  and  cannot  be  admitted  in  any 
attempted  philosophical  or  natural  classification  of  microscopic  organisms. 
However,  since  so  much  uncertainty  and  dispute  stUl  prevail  on  the  question 
of  the  animal  or  vegetable  nature  of  very  many,  and  since  our  knowledge  of 
the  phases  of  existence  of  a  large  number  is  so  imperfect,  it  is  really  impos- 
sible to  estabhsh  any  satisfactory  classification.  On  this  account,  and  also  to 
bring  together  for  convenience'  sake  a  mass  of  information  respecting  several 
collections  of  beings  enumerated  among  the  Anenteroits  Polycjastrica  of 
Ehrenbcrg,  difficult  or  impossible  to  an-ange  under  any  other  heading,  we 
resort  to  this  artificial  division,  and  in  so  doing  have  the  example  of  Perty 
and  other  writers.  After  describing  what  can  be  predicated  of  the  Phytozoa 
m  general  we  shall  find  it  necessary  to  consider  them  under  several  sections 
or  tnbes,  by  reason  of  the  differences  which  prevail  among  them  in  form, 
mode  of  growth,  and  other  particulaivs ;  and  in  speaking  of  each  tribe  shall 
pomt  out  Its  general  affinities  to  the  others,  and  to  any  families  of  Infusoria 
or  01  AlgiE. 

FiouRE.  Coverings  of  , Phytozoa.— The  Phytozoa  are  of  more  simple 
organization  and  of  less  varied  outline  than  the  ciliated  Protozoa.  In  figure 
they  are  commonly  round,  or  oval,  or  elliptical,  and  either  present  no  processes, 
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or  only  an  elongated  neck  bearing  one  or  more  cilia  {flabella)  to.  serve  as 
locomotive  organs. 

How  greatly  their  figure  and  size  are  dependent  on  the  external  influence 
of  light,  is  well  shown  by  some  recent  researches  of  Cohn  on  StephanosphcBra 
(Nov.  Act.  Acad.  Curios,  xxvi.  1857).  On.placing  specimens  of  this  organism, 
some  in  transparent  glass  vessels,  others  in  semitransparent  and  green  ones, 
others  in  porcelain,  and  others  again  in  perfectly  opaque  cups,  the  modifica- 
tions in  size  and  figui-e,  according  to  the  intensity  of  light  they  received, 
were  altogether  incredible.  In  the  opaque  vessels,  where  they  got  Httle  Hght, 
the  green  cells  remained  delicate,  small,  and  Avidely  dispersed,  whUst  in  the 
transparent  glasses,  under  sunHght,  they  became  many  times  larger  and 
crowded  together,  and  theii-  figure  fusiform,  ii-regular,  and  produced  mto 
numerous  protoplasmic  processes.  Indeed,  on  placmg  two  portions  of  the 
same  coUection  of  Sfephamsphcera-globes,  the  one  m  a  transparent,  the  other 
in  an  opaque  vessel,  the  swarming  individuals  in  the  two  will  be  found  so 
unlike  that  they  might  be  readHy  conceived  to  be  different  species. 

The  outline  is  fixed  where  the  organism  has  a  finn  envelope ;  and  most  ot 
the  Phytozoa  have  such  in  one  phase  of  their  existence,  viz.  when  they  undergo 
the  encysting-process.    We  are  not  acquainted  with  the  entii-e  history  ot 
manv  genera ;  but  from  what  we  know  of  some,  we  may  argue  by  analogy  ot 
aU,  that  in  the  eai'liest  stages  of  existence  these  cellular  organisms  have  no 
distinctly  organized  waH,  although  they  may  have  a  pellicle  derived  fi'om  the 
contact  of  the  protoplasm,  of  which  they  consist,  with  surroimduig  media,— a 
mere  superficial  induration,  but  no  sepamble  membrane     Such     ti-ue  of  the 
individual  ceUs  of  Volvox  (XX),  of  Euglena  (XVIII.  45,  46),  and  of  Monads 
CXVIII  1  to  28)  in  general.  Subsequently  a  ceU-waU,  the  piimordial  mem- 
brane or  sac,  may  be  produced,  distinct  and  separable  from  the  contained 
substance.    Purthei-more,  many  examples  do  not  stop  here  but  proceed 
to  throw  out  a  second  waU  exterior  to  the  last-named,  separated  frequently 
from  it  by  a  small  interspace,  and  having  a  much  denser  and  finner  consist- 
ence.   The  ceU,  or,  as  Prof.  Henfrey  calls  it  _m  the  case  °f  ^'"f ^"-^  |^ 
aonidktm  (XIX.  61),  encloses  itself,  in  fact,  within  a  cyst  (XIX.  69),  and  in 
fo  doSrmostlyaltefs  its  form  materiaUy,  loses  its  previous  animal  chai-acters 
becores  '  stiU,'  and  at  the  same  time  qualified  to  sustain  hfe  under  vanous 
adverse  exten;al  influences,  and  to  continue  the  f^'^r'^yf^'^IZ"  fife 
development.    In  aU  tHs  we  trace  an  exact  parallel  with  the  Justoiy  of  the 
llres  oTthe  lower  Alga3 ;  and  there  is  no  question  that  many  of  the  Phytozoa 
a?e  no  other  than  spores, 'sporozoids,  or  zoospores.  Moreover^^xt  ^«  equaUy  clear 
thtt  many  Monadina  aJ  Cryptomonadma  described  by  Ehrenberg  ai-e  but 
two  phases  of  one  and  the  same  organism.  .     .  i,  „ 

Not  a  few  Phytozoa  present  an  additional  covermg  m  the  shape  of  a  muci- 
Tainous  laTer.  This  is  fpund  in  isolated  species,  as  Protococcus  pluviah^, 
aX^ne  X  in  all  the  aggregated  fonns  ;  indeed,  it  is  the  pimcipal  agent 
^  the  comWion  of  the  latter.  It  has  generally  been  assumed  that  tins 
Sucna<Snous™nvestment  is  an  extraceUular  product,  without  a  defimte  bound- 
bTSwon  Protoccocvs,  B.  S.  1853)  has  a  long  argument  to  prove 
Zt  the  tme  cell  is  represented  by  it,  conjointly  with  the  included,  coloiired, 
that  the  true  ceu  is  i  i  j  Neither  of  these  bodies  are  true, 

"^rrceuf  inaJi^^^^  t^  &s  wants\he  primordial  utricle,  and  the  second 
F«'Soi^f  tCtrTe  c^^^^^^^^  The  two  together  would  represent  he 

ceU     Sn  it  is  stated  in  the  same  page,  "  that  the  interna  globular 
perfect  ceU.  J^g^' "  \  -^^  ceUulosc-membrane,  but  only  by  one 

^I'ilvdTstroTed^^^^^^^^ 

i  tlXToiJvoto^^-srn,    On  the  other  hand,  the  extei-nal  membrane 
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represents  a  true  cell-mcmbrane,  enclosing  between  itself  and  the  colom-ed 
substance  a  colourless  aqueous  fluid,  probably  pure  or  nearly  piu-e  water." 
And  in  the  subsequent  considerations  of  this  structm-e,  Cohn  appears  to  arrive 
at  the  conviction  that  the  internal  coloui-ed  body  generally  spoken  of  as  the 
cell,  the  actual  unicellular  organism,  represents  the  nucleus  of  a  cell,  of  which 
the 'periphery  of  the  mucous  envelope  is  the  boundary.  In  this  interpretation 
of  the  natiu-e  of  the  mucilaginous  envelope,  Prof.  "Williamson  conciu-s.  Indeed 
this  accui-ate  observer  proceeds,  further,  to  show  that  there  is  in  the  case  of 
Volvox  a  true  enclosing  dehcate  membrane  to  each  cell,  and  that  the  hexa- 
gonal form  is  owing  to  the  mutual  pressure  of  the  aggregated  cells  (PI. 
XX.  38).  In  aggregate  forms,  such  as  Volvox,  Gonium,  Fandorina,  &c.,  an 
additional  common  external  membrane  would  seem  to  be  thrown  out,  to  unite 
together  into  one  symmetrical  whole  the  various  members  of  the  colony. 
Perhaps  it  should  be  rather  called  a  pellicle  than  a  membrane,  seeing  that  its 
independent  existence  as  a  separable  structure  cannot  be  demonstrated  :  yet 
it  has  a  power  of  resistance  ;  for  when  external  force  is  apphed  to  a  globe  of 
Volvox,  the  surface,  though  at  fii-st  depressed,  presently  recovers  itself  by  an 
innate  elasticity ;  and  in  the  case  of  Fandorina  it  seems  so  resistant  and  fii'm 
that  it  does  not  indent  on  pressure  (XIX.  61 ). 

Cell-contents. — The  fluid  distending  the  mucilaginous  envelope  around 
most  Phytozoa,  in  one  or  other  stage  of  being,  is,  according  to  Cohn,  as  above 
noticed,  probably  pure  water.  This  opinion  Prof.  Williamson  does  not  enter- 
tain ;  for  he  says  {J.  M.  S.  1853,  p.  55)  "  it  is  apparently  mucilage.  In  a 
preparation  in  which  a  number  of  these  objects  [of  Volvox^  are  movinted  in 
dilute  alcohol,  this  gummy  matter  has  changed  to  a  brown  coloiu',  and  refused 
to  mingle  with  the  alcohol,  as  would  be  the  ease  supposing  it  to  be  mucila- 
ginous.   This  proves  that  it  is  a  trae  secretion  from  the  organism,  and  not 

merely  water  absorbed  by  endosmosis  The  secretion  itself  is,  perhaps,  little 

more  than  a  diluted  condition  of  the  same  gum  as  that  which  is  more  or  less 
completely  converted  into  cellulose  in  the  various  investing  membranes." 

The  central  globule,  or  the  Avhole  recognized  organism  where  a  mucilaginous 
envelope  is  not  present,  consists  of  a  mass  of  protoplasm.  At  first  it  is  homo- 
geneous and  vdthout  colour ;  subsequently  it  becomes  generally  coloured  and 
granular ;  but  very  shortly  the  included  matters  gather  together  into  a  sort  of 
layer  subjacent  to  the  surface,  and  leave  the  central  part  clear,  sometimes  so 
completely  so  that  it  assumes  the  appearance  of  a  vacuole.  This  substance 
moreover  has  the  property  of  contractility  inherent  in  it,  and  would  seem,  in 
all  essential  cu-cumstances,  homologous  with  the  simple  contractile  matter — 
the  sarcode  of  animalcules.  Like  the  latter,  it  may  hollow  itself  out  into 
vacuoles  at  any  part ;  and  such,  says  Cohn  (R.  S.  p.  535),  "  are  present  in  all 
young  cells,  and  play  a  considerable  part  in  cell-division  and  the  sap-cuiTcnts." 
The  property  of  contractility  is  singularly  displayed  in  the  case  of  the  actively 
moving  zoospores  or  sporozoids  of  the  Algoe,  and  in  the  motile  form  of  Proto- 
coccus, — i.  e.  in  every  instance  where,  from  the  absence  of  more  or  less  inelastic 
membranes,  it  can  exhibit  itself.  The  vacuoles  of  the  protoplasm  occur  in 
varying  numbers,  and  change  or  disappear  fi-om  time  to  time :  within  they 
contain  an  aqueous  fluid. 

The  contractile  protoplasm  is  itself  colourless ;  yet,  except  in  the  earliest 
stages  of  development,  it  partakes  of  a  green  or  a  red  colour,  or  of  both  these 
colours  together,  save  in  one  spot,  which  in  oblong  fonns  is  situated  at  one 
end,  and  m  the  projection  or  beak  (proboscis,  Ehr.,  or  rostellum)  extending 
from  the  anterior  extremity.  "  It  appears,"  says  Cohn  (E.  S.  p.  536),  "  as 
a  dehcate,  almost  imperceptible  layer  constituting  the  outer  boimdary  of  the 
coloured  primordial  cell,  the  pcripheiy  of  Aviiich  then  becomes  shaqily  de- 
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fined,  and,  as  it  were,  surrounded  by  a  delicate  transparent  membrane." 
Tbe  green  colour  is  due  to  cblorophyll  vesicles  and  granules,  eitber  diffused 
or  collected  in  a  layer  just  beneatb  tbe  suiface.  Among  otber  contents  are 
also  starch-granules  without  colour,  and  very  frequently  globules  of  oU. 

Green  or  red  may  exist  alone  :  but  more  frequently  green  prevails  ;  and  tbe 
red  pigment,  sometimes  termed  erythrin  or  erythrophyll,  is  seen  only  at  one 
spot,  occasionally  at  the  centre,  but  usually  on  one  side  of  it,  or  at  one  ex- 
tremity: when  occupying  the  position  last-named,  it  was  looked  upon  by 
Ehrenberg  as  an  eye-speck  or  organ  of  vision. 

Although,  as  Cohn  (op.  cit.  R.  S.  p.  528)  tells  us,  the  green  and  red  colour- 
ing matters  differ  in  chemical  and  i)hysical  conditions,  yet  the  one  passes  into 
the  other.  The  red  or  brownish-red  colour  is  formed  when  the  cells  become 
drier  ;  but  neither  deficiency  of  water  nor  the  influence  of  light  appears  to  be 
the  exclusive  cause  of  the  transition.  It  is  especially  in  the  transition  to  red 
that  vesicles  of  an  oily  aspect  make  their  appearance.  Indeed,  that  oil  is  rea.Uy 
formed,  is  supported  both  by  analogy  mth  the  spores  of  many  Algae  which 
clearly  secrete  that  substance,  and  by  the  vesicles  in  question  having  a  similar 
refraction  to  oil,  and  behaving  like  it  with  alcohol  and  ether.  "  The  forma- 
tion of  fixed  oil,"  says  Braun  (Bejiiv.,  B.  /S.  p.  200),  "  is  intimately  connected 
with  that  of  starch  in  the  economy  of  cell-life ;  its  appearance,  in  hke  mtoner, 
announces  the  repose  of  age  in  cell-life ;  its  disappearance,  the  beginning  of 
rejuvenescence.  We  meet  with  fixed  oil  in  the  cells,  either  mixed  with  starch, 
substituted  for  it,  or  gradually  displacing  it ;  its  occim-ence  is  perhaps  stiU 

more  general  than  that  of  starch  Like  the  latter,  it  is  met  with  in  greatest 

abundance  in  those  parts  in  which  vegetation  is  destined  to  rest  and  to  await 
a  future  re-awakening ;"  and  such  are  the  resting-cells  of  Phytozoa,  in  which 
a  red  coloiu'  predominates  or  exists  alone.  Braun  furnishes  an  iUusti-ation  of 
this  in  his  remarks  on  GhJamydomoiuis  diuing  its  sleeping  or  resting  state 
(op.  cit.  p.  214).  The  opinion,  moreover,  that  the  so-called  red  eye-specks  of 
Phytozoa  are  no  other  than  drops  of  oil,  is  shared  by  Perty  (p.  117)  and  by 

Nageli  (Einzell.  Alg.  p.  9).  i     -,  ^i. 

Speaking  of  Protococcus,  Cohn  remarks  {op.  cit.  p.  526),  "  The  red  and  the 
green  portions  of  the  contents  appear  to  be  of  equal  physiological  importance 
° .  .  .  When  stiU  or  motile  ceUs  are  brought  into  contact  with  a  very  weak 
wateiy  solution  of  iodine,  they  become  internally,  in  most  parts,  of  an  intense 
violet  or  blue  coloui-."  Yet  he  does  not  believe  this  coloui'  to  depend,  in 
all  instances,  upon  starch ;  for  the  red  contents  are  equally  coloui-ed  blue,  and 
he  therefore  surmises  there  may  be  some  other  substance  besides  stai'ch  ex- 
hibiting the  same  reaction  with  iodine. 

Besides  diffused  chlorophyU-particles,  to  which  the  green  colom-is  due,  one, 
two,  tbi-ee,  or  more  large  nuclear-Uke  vesicles  exist  in  Phytozoa— indeed,  m 
uniceHular  plants  generaUy— described  by  NiigeH  under  the  name  of  '  cMoro- 
phyll  utricles  or  vesicles.'  The  number  of  such  in  any  genus  seems  commonly 
to  be  constant :  thus,  in  Stcphanosphmra  there  are  two  ;  m  Gonmm  only  one. 
However,  they  are  occasionally  absent,  chiefly  so  in  more  mmute  examples. 
In  Protococcus  ( Chlcmiydoeoccus),  Cohn  says  they  occur  pi-incipaUy  m  the  green 
cells  to  the  number  of  one,  two,  thi-ee  or  more,  having  the  appearance  ot 
minute  green  rings,  about  0-002'"  in  diameter— the  interior  being  sometinie.s 
darker,  at  others  more  clear,  and  frequently  almost  opake.  Nngch  regarded 
them  as  minute  membranous  vesicles,  containing  a  mucus  coloured  by  ehloro- 
nhvU  Cohn  imagined  that  in  Protococcus  they  stood  in  connexion  vntli  the 
dLnsion  of  the  ceU,  but  could  not  determine  with  certainty  that  their  number 
corresponded  with  that  of  the  secondaiy  cells.  Kiitzing  looked  upon  them 
as  gonidia  or  cell-nuclei,  concerned  in  the  propagation  of  the  mdiNidual. 
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Elirenberg  entertained  a  similar  notion,  and  called  them  the  testes.  "  Caustic 
potash,"  says  Cohn  (A.  K  H.  1852,  x.  p.  340),  "which  destroys  the  rest  of  the 
contents  of  the  primordial  cells,  makes  the  chlorophyU-utiicles  of  Stephano- 
spham  show  themselves  more  distinctly  as  hollow  rings  surrounded  by  a  rather 
granular  membrane  ;  iodine  colom-s  them  deep  violet,  which  leads  to  the  con- 
clusion of  the  presence  of  starch."  Iodine  sometimes,  however,  produces  a  deep 
brown  tint  (Colin,  B.  S.  p.  529),  due,  we  may  suppose,  to  an  ulterior  meta- 
moi-phosis  of  the  stai-ch,  as  it  is  itself  a  transitional  condition  of  chlorophyll. 

Another  stnictiu-e  met  with  among  the  contents  of  some  of  the  Phytozoa 
is  the  contractile  vesicle  or  sac.  This  sac  has  been  noticed  in  Volvox,  Gonium, 
Panclorina,  Chilomonas,  Gryptomonas,  and  in  Clilamydomonas,  and  its  rhyth- 
mical contractions  obsei-ved  (XIX.  16,  33 ;  XX.  40,  41).  In  Steplianosphcera 
a  similar  vesicle  was  seen  by  Cohn,  but  its  contractility  not  detected  :  so  in 
Astasia,  Euglena  (XVIII.),  and  Polytoma  (XX.  1,  2),  a  clear  sac-hke  space 
presents  itself  at  the  anterior  extremity,  immediately  beneath  the  surface  ; 
but  its  alternate  expansion  and  contraction  have  not  been  witnessed. 

A  nucleus  is  detected  in  Euglena,  Astasia,  Polytoma  (XX.  1,  2,  3),  and 
others  in  which  an  animal  natiu'e  predominates.  Even  among  the  vegetable 
genera  Volvox,  Panclorina,  and  Gonium  (XIX.  32,  34,  61),  most  writers,  as 
already  seen,  seem  disposed  to  view  the  constant  chlorophyll-vesicles  as  of 
a  nuclear  character.  In  Gonium,  indeed,  Cohn  (Entiv.  p.  178)  describes  only 
one  such  vesicle,  which  seems  to  demonstrate  its  nuclear  nature  by  breaking 
up,  during  the  process  of  fission,  into  as  many  parts  as  the  primordial  cell 
itself.  Braun  (op.  cit.  p.  174,  in  note)  mentions  his  observation  of  a  central 
vesicle  or  nucleus  in  Chlamydococcus  (XIX.  22,  24,  26),  and  remarks,  "  in 
most  of  the  true  Palmellacece  there  is  a  chlorophyll- vesicle  in  the  centi-e  of 
the  ceU." 

The  appearance  of  the  cells  of  Phytozoa  is  much  modified  by  variations  in 
the  relative  quantity  or  in  the  arrangement  and  colour  of  the  contents,  so  much 
so  indeed  that  such  varieties  have  been  described  as  different  species  or  even 
as  different  genera.  Thus  the  accidental  presence  of  a  red  spot,  called  an  eyo- 
speck,  or  the  occurrence  of  a  red  centi'al  space,  have  had  a  specific  importance 
wrongly  attached  to  them.  The  inutility  of  characters  deduced  from  the 
disposition  and  appearance  of  the  ceU-contents,  or  from  the  figure,  is  further 
shown  when  the  effects  of  external  agents — of  temperature,  of  the  abimdance 
or  deficiency  of  nutiitive  matters,  of  Hght,  &c. — are  taken  into  account ;  and 
it  becomes  even  stiU  more  evident  when  the  changes  of  form  one  and  the 
same  being  may  undergo  are  duly  considered. 

In  a  previous  page  it  has  been  stated  that  in  the  earliest  phase  of  existence, 
when  the  future  cell  is  but  one  of  several  macrogonidia  within  its  mother-ceU, 
the  protoplasm  of  which  it  consists  is  imenclosed  by  a  membrane — has  no  cell- 
waU.  But  it  would  seem  that  a  ceU-membrane  is  wanting  even  at  matiuity 
in  some  genera,  for  example,  in  Stephanospha;ra  ;  for  Cohn  writes  {A.  N.  If. 
1852,  X.  p.  326),  "  This  is  not  only  made  evident  by  the  multifold  changes 
of  form  which  they  undergo  in  the  coiu-se  of  vegetation,  and  by  the  fihform 
prolongations  and  ramifications  which  are  produced  dii-ectly  from  their  sub- 
stance (XIX.  38,  39-53),  but  is  clearly  shown  by  the  transformations  which 
the  primordial  ceUs  pass  through  in  consequence  of  external  influences. 
Under  certam  circumstances  namely,  the  filiform  processes  may  be  retracted, 
being  torn  away  from  the  envelope-cell  and  taken  up  into  the  substance  of  the 
pnmordial  cells  ;  the  produced  ends  of  the  primordial  cells  also  disappear,  the 
latter  becoming  roimded  off  into  their  original  spherical  or  short  cyliudiical 
term,  teuch  a  change  would  be  impossible  if  the  primordial  cells  were  siu-- 
rouncled  by  a  ngid  membrane,  such  as  that  of  the  envelope-cell  for  example." 
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According  to  Prof.  Henfrey,  the  primordial  cells  or  gonidia  of  Pandorina 
(XIX.  59-63),  and  also,  in  the  opinion  of  many,  the  Euglence  (XVIII.  45-48), 
are  similarly  undefended. 

The  internal  glohular  coloured  body  of  the  motile  form  of  Proiococcus  is  in 
the  same  state.  Thus  Cohn  (E.  S.  p.  531)  points  out  that  although  this 
body  has  a  sharply  defined  outline,  yet,  "  either  by  mechanical  means,  or  by 
chemical  reagents,  the  internal  globular  mass  may  suddenly  be  made  to  lose 
its  contour,  and  to  spread  so  as  entirely  to  fill  the  cavity  of  the  colourless 
envelope.  From  which  it  would  appear  that  the  internal  globular  body  is 
not  surrounded  by  any  special  cellulose  membrane,  but  only  by  one  readily 
destroyed  by  chemical  or  physical  agency — probably  nothing  more  than  a 
dense  layer  of  protoplasm." 

In  the  case  of  Volvox  the  cells  originate  without  an  enclosing  membrane ; 
but  after  the  appearance  of  the  red  spot,  a  delicate  one  shows  itself,  and 
extends  at  different  points  into  the  connecting  thread-lilce  processes  (XX.  37, 
39,  41).    So  in  Gonmm  we  may  presume  the  pi-imordial  cells  to  be  originally 
naked,  although  Cohn  has  not  remarked  this  fact,  but  confined  himself  to 
describing  the  mature  cells  (XIX.  32,  34),  which  have  an  enclosing  wall  of 
cellulose  ( Entw.  pp.  175, 176).  Lastly,  in  the  'still'  form  of  Protococcus  a  special 
membrane  invests  the  protoplasmic  gonidium.  In  Gmium  (XIX.  34),  and  in 
Volvox  (XX.  37,  39,  40),  filiform  prolongations  extend  between  the  several 
ceUs  in  the  compound  organism ;  in  Stej>hanosphcera  similar  processes  are 
given  off  at  the  opposite  poles  of  the  cells,  and  are  consequently  not  inter- 
current (XIX.  39).    Prof.  Williamson  has  in  the  case  of  Volvox  offered  the 
best  explanation  of  these  threads,  which  have  by  some  been  supposed  inter- 
communicating canals.    He  fia-st  makes  good  his  opinion  that  the  green  cell- 
like organism  represents  the  nucleus  of  a  ceU,  the  wall  of  which  is  separated 
from  it  by  a  greater  or  less  space ;  and  then  he  compares  the  processes  in 
question  with  the  filiform  extensions  from  the  nucleus  which  are  met  with 
in  maay  vegetable  cells,  suspending  that  organ  in  the  centre.    In  the  early 
stage  of  the  cell,  the  protoplasmic  substance  fills  up  more  or  less  completely 
the  ceU-wall  (XX.  42,  44)  :  by-and-by  the  latter  becomes  outsti-etched  from 
it  by  a  sort  of  dropsical  effusion  within  it  (XX.  37) ;  but  as  the  protoplasmic 
nucleus  has  contracted  adhesions  at  different  parts,  it  becomes  di-awn  out  from 
the  adherent  points  into  thi-ead-like  processes  (XX.  39,  40,  45),  which  grow 
more  and  more  filiform  in  proportion  as  the  cell- wall  expands.    This  expla- 
nation (agreemg  in  every  particular  with  the  observed  phenomena  of  ceU- 
growth)  being  accepted,  it  foUows  that  these  elongations  are  bounded  by  the 
particular  ceU-waU  to  which  they  belong,  and  are  not  continuous  with  those 
of  adioining  ceUs.    The  processes  of  Volvox  are  therefore  off-shoots  oi  the 
protoplasm  of  which  each  ceU  or  gonidium  consists  ;  they  are  given  off  before 
any  enclosing  wall  or  pellicle  appears,  and  whilst  that  substance  is  still  duc- 
tile and  they  disappear  on  the  commencement  of  the  process  of  development, 
whether  of  macrogonidia  or  of  microgonidia,  and  whether  with  or  without  the 

process  of  encysting.  f 
In  the  case  of  Gonium,  Cohn  gives  (Eyitw.  p.  176)  a  different  account  ot 
the  connecting  bands.  It  wiU  be  remembered  that  in  this  genus  that  ob- 
server indicates  an  enclosing  ceUulose  membrane  to  each  ccU  or  gonidium. 
Now  this  ceU  does  not  closely  invest  the  protoplasmic  substance  at  all  pomts, 
but  is  so  separated  as  to  produce  a  hexagonal  ccU-Avall  around  it,  from  each 
angle  of  which  the  membrane  is  produced  in  a  tubular  form  and  joins  with 
a  simUiu'  process  coming  from  the  angle  of  an  a(\,oinmg  ceU  (XIX.  32  34) 
Trice  each  process  of  the  membrane  has  a  double  outhne,  and  is  "i  fact  a 
S  only  thTits  interior  must  be  presumed  to  be  shut-off  from  that  with 
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which  it  joins,  by  a  septum  representing  the  divisional  membrane  of  each  of 
the  contiguous  cells,'  The  state  of  things  here  is  therefore  quite  different 
from  that  in  Volvox- :  for  in  the  latter  the  cell-membrane  is  widely  detached 
from  the  protoplasmic  nucleus,  but  the  adjoining  ceUs  are  adherent  at  all 
points;  the  intercurrent  thi-eads  are  therefore  within  the_  cells,  and  uphold 
an  attachment  between  the  nucleus  and  the  cell- wall,— whilst  in  Gonium  the 
contrary  obtains :  the  cells  themselves  ai-e  not  in  apposition,  but  held  together 
by  a  tubular  extension  from  each  angle ;  and  the  nuclear  protoplasm  within 
nearly  fills  the  ceU-cavity,  and  has  no  bands  uniting  it  with  the  wall — in 
fine,  the  iatercui'rent  processes  of  Gonium  and  of  Volvox  are  not  homologous. 

Besides  the  wall  and  processes  just  described,  calculated  to  give  strength 
and  resistance  to  the  organisms,  there  are  also  the  long  cilia  or  filiform  ap- 
pendages known  as  filaments,  flabeUa,  or  flageUa,  seen  at  one  extremity  of 
most  Phytozoa,  derived  from  the  protoplasmic  mass.  To  these  are  enturely 
or  chiefly  due  the  locomotive  powers  of  these  beings ;  they  also  act  the  part 
of  rudders  in  turning  them  on  themselves,  and  in  dii-ecting  them  hither  and 
thither.  They  do  not  belong  to  the  class  of  vibratile  ciha,  but  are  larger, 
filiform  or  whip-hke,  and  have  an  undulating  lashing  movement.  In  some 
cases  they  are  many  times  longer  than  the  organism  to  which  they  are  attached 
(XYIII.  15,  21,  22) ;  and  when  two,  as  more  frequently  happens,  are  pre- 
sent, they  will  often  cross  and  iutertwine.  At  times,  in  elongated  forms, 
they  appear  to  be  the  mere  terminations  of  the  tapering-Kke  extremity  or 
neck ;  but  the  rule  is,  they  do  not  proceed  from  the  apex  itself,  but  from  one 
side  of  it.  Where  the  species  is  encased  in  a  firm  integument,  separated  by 
an  interval  from  the  central  protoplasm,  the  filaments  actually  extend  from 
the  latter  and  perforate  the  enclosed  case  ;  in  which,  particularly  when  these 
processes  are  fallen  away,  their  points  of  issue  are  occasionally  to  be  detected 
by  depressions  or  by  pores.  Dming  frequent  rapid  movements  these  fila- 
ments are  not  to  be  seen  ;  but  when  the  motion  is  more  gentle,  or  they  are 
at  rest,  or  othenvise  when  coloiuing  matter  is  mixed  with  the  water,  they 
generally  become  visible.  Even  when  their  existence  has  not  been  noticed 
during  hfe,  it  may  be  sometimes  demonstrated  after  the  drying  up  of  the 
being,  by  the  streak  left  upon  the  glass  where  it  rested.  Where  more  than 
one  or  two  filaments  are  present,  their  whirling,  and  the  consequent  agitation 
of  the  fluid  about  them,  makes  theu-  existence  apparent. 

The  number  of  filaments  in  Phytozoa  varies.  Two  is  the  prevailing  number, 
which  may  or  may  not  be  of  equal  length ;  but  in  not  a  few  genera  only  one 
is  found,  e.  g.  in  Euglena,  Monas,  and  Gliilomonas, — whilst  in  others  more  than 
two  may  be  counted,  situated  together  anteriorly,  or  some  in  front  and  others 
behind.  Where  two  are  present  anteriorly,  it  is  not  an  uncommon  arrange- 
ment for  one  to  extend  in  the  direction  of  the  long  axis  of  the  body,  whilst 
the  other  trails  behind  (XVIII.  12,  22,  23). 

Movements  of  Phytozoa.— The  motion  of  many  Phytozoa  is  but  slow, 
and  rarely  intei-mitted ;  in  others  it  is  more  rapid  and  vaiied.  It  will  be 
modified  by  the  figure  of  the  organism  and  by  the  degree  of  firmness  of  its 
walls,  with  which  it  stands  in  inverse  proportion.  In  Euglena  the  move- 
ments are  extremely  varied  and  lively:  the  being  is  imrestricted  in  its 
movements  by  an  integimient,  and  the  contractile  protoplasm  has  full  scope ; 
It  IS,  m  fact,  in  the  condition  of  swarming  gonidia,  unenclosed  by  a  wall  of 
ceUulose.  In  many  species  of  Monxis  and  Bodo  (Cercomonas),  the  motion  is 
irregular  and  pccuhar ;  it  may  bo  oscillating  or  rolling,  at  times  leaping,  at 
othera  backward.  Among  the  Vihrionia  (XVIII.  57-69),  an  oscillating 
spiral  movement  is  a  common  characteristic,  and  either  end  may  be  advanced, 
ihe  revolving  roRmg  motion  of  Volvocinem  has  for  many  years  attracted 
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attention,  and  for  a  long  time  was  deemed  sufficient  proof  of  the  animality 
of  the  beings  exliibiting  it.  It  is  the  consequence  of  the  play  of  the  ciliary 
filaments  of  each  of  the  component  cells  of  the  aggregate  organism,  which 
project  beyond  the  common  envelope :  it  consists  in  a  revolution  on  the  axis, 
and  a  simultaneous  onward  movement — not,  however,  in  a  straight  com-se, 
but  in  an  ii'regular  one,  representing  a  spii-al  or  series  of  cui-ves.  "  The 
collective  idea  of  such  motions,"  says  Cohn  {A.  N.  H.  1852,  x.  p.  328),  "  is 
best  represented  by  the  coiu'se  described  by  a  top,  which  runs  through  the  most 
varied  cui'vcs,  while  at  the  same  time  constantly  revolving  on  its  axis." 

Niigeli  (as  quoted  in  J.  M.  S.  i.  p.  198)  remarks  of  swann-coUs  (zoospores), 
which  many  Monads  undoubtedly  are,  that  "  under  the  microscope  the  motion 
appears  very  rapid,  somewhat  of  an  infusorial  character,  consisting  in  a  con- 
tinual progression,  in  which  the  hyahne  narrower  extremity  is  usually  in 
front,  and  the  cell  is  continually  timiing  on  its  long  axis.    Although  the 
swarming  bears  a  resemblance  to  the  motion  of  Infusoria  (t.  e.  of  Ciliated 
Protozoa),  it  clearly  wants  the  spontaneity  of  the  latter.    The  Infusoiia 
advance,  spring  back,  tm-n  round,  return,  aU  spontaneously ;  the  swaim- 
spores  pursue  a  uniform  and,  for  the  most  part,  pretty  straight  coiu-se,  de- 
viating from  it,  or  turning  roimd  only  upon  meeting  an  obstacle,  impmging 
Tipon  which  they  are  diverted  into  another  direction."    To  this  account 
Siebold  (lac.  cit.  p.  201)  adds  that  the  spores  do  not  retreat,  as  if  lightened, 
like  the  Infusoria,  when  they  strike  against  an  object,  but  "  remam  close  to 
it,  and  continue  their  motions  according  to  the  number  and  arrangement  ot 
theh'  ciHary  apparatus,  in  a  rotatory  or  vibratory  way  for  a  little  time  longer, 
as  if  they  aimed  at  overcoming  the  obstacle  by  force,  imtil  at  last,  probably  m 
consequence  of  the  death  of  the  ciha;  they  become  stiU,and  germination  goes  on. 

The  movements  of  the  swarm-spores  in  general  have  only  a  short  duration. 
After  the  spores  have  come  to  a  state  of  rest,  they  usually  become  attached 
by  the  hyaline  ciliated  extremity,  and  the  locomotive  faculty  is  for  ever  lost. 
In  the  aggregated  families  the  process  of  reproduction  is  ever  going  on  m 
some  members  of  the  colony,  and  the  movements  are  kept  up  much  longer. 
Braim  (Bejuv.,  B.  S.  p.  212)  represents  Olilamydococcus  as  enjoying  a  longer 
dm-ation  of  motion  than  is  usual  with  the  swarming  gomdia  of  Algte,  whilst 
Protococms  viridis  forms  an  intermediate  link  in  this  respect  betAveen  it  and 
the  Volvocineoi.  The  land  of  movement,  he  adds,  is  essentiaUy  the  same  m 
these  organisms  as  in  aU  active  gonidia,  namely  an  unmternipted  revoiution 
round  the  long  axis,  combined  with  an  advance  towards  the  side  ot  tne 
ciliated  point.  It  is,  indeed,  in  the  swarming  movement  of  gomdia_  and 
spermatozoida  that  the  phenomena  of  motion  are  most  stnkmg,  '  that  is,  m 
ceUs  wHch  are  either  yet  without  their  ceUulose  coatmg,  or  which  never 

""'cXTl'/S.  p.  558)  states  generaUy  that,  -  leaving  out  of  the  question 
the  more  highly  organized  Infusoria  fiunishcd  mth  a  manifest  mouth  and 
oesophagus,  the  motion  of  a  large  part  of  the  Anentera  (Ehr.),  the  Astoma  (Sie- 
bold) is  not  essentiaUy  different  from  that  of  the  zoospores  of  certam  Mgae 
likewise,  in  Hs  description  of  Gonium  {Entw.  p.  180)  he  observes  hat  the 
niovemcnts  of  this  organism  resemble  in  every  particular  those  oi^tep^ano- 
ZLva,  Chhmydococcus,  and  other  swai-ming-ceUs,  '  which  certamly  do  no 
ife^r  at  all  the  character  of  purposing,  conscious  vohtion,  but  appear  as  an 
actM?y  determined  not  by  any  external  causes  but  by  interml  causes  m  the 
orLnization  and  vital  processes."  {A.  N.  H.  18o2,  x  P-  328.) 
^h^character  of  the  locomotion  of  Phytozoa  may  be  descnbed  in  brief  as 
.  nutomatic  '  accepting  that  term  as  physiologists  now  agree  to  do,  to  dis  in- 
gids     S  motTon  from  the  vohmtaiy  movements  of  ammals.    It  cannot  be 
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voluntary,  or  the  result  of  voUtion,  any  more  than  the  marvellous  motion  of 

the  leaves  of  Dioncea  muscipula.  ■     ^  , 

Pkocess  of  Nutkition.— The  process  of  nutrition  of  Pliytozoa  is  of  the 
most  simple  kind  ;  and  no  valid  evidence  can  be  adduced  in  proof  of  the  com- 
plex polygastric  organization  represented  by  Ehi-enberg.  In  fact,  an  apparatus 
of  stomach-sacs  could  not,  by  any  analogy,  be  presumed  in  a  set  of  beings 
destitute  of  mouths ;  and  Ehrenberg  was  imable  to  demonstrate,  even  to  his 
own  satisfaction,  an  oral  aperture,  except  in  a  very  doubtful  manner  and  in 
a  very  few  iustances.  What  he  took  to  be  gastric  cells  are  no  other  than 
vacuoles  and  clear  vesicles — sometimes  the  chlorophyU-ceUs ;  the  last,  how- 
ever, were  more  commonly  assumed  to  be  '  testes.'  To  support  his  belief  in 
the  ijresence  of  stomachs,  and  also  of  a  mouth  at  the  anterior  clear  space, 
particularly  where  there  is  a  projection  of  the  protoplasmic  mass,  the  Berlin 
naturalist  appealed  with  most  confidence  to  his  expeiiments  in  feeding  with 
coloured  substances.  By  this  means  he  believed  he  demonstrated  such 
organs  in  some  Monadina, — ^but  so  rarely,  amid  a  large  number  submitted  to 
experiment,  and  moreover  in  so  few  species,  that  much  weight  could  not  be 
attached  to  the  result,  especially  Avhen  it  is  considered  how  many  difficulties 
and  doubts  must  arise  where  such  very  minute  beings  are  concerned.  Allow- 
ing that  particles  of  colour  actually  entered  within  the  interior,  and  were  not 
merely  adherent  (a  question  which  the  magnifying  powers  of  the  instrument 
Ehrenberg  used  could  scarcely  determine),  it  is  even  then  much  more  rational 
to  suppose  that  their  entrance  was  by  mere  mechanical  causes  (by  pressure 
or  the  like),  than  by  the  medium  of  a  mouth.  This  interpretation  is  adopted 
both  by  Perty  and  Leuckart,  who  describe  the  introduction  of  such  particles 
as  possible,  although,  iadeed,  exceedingly  rare  in  the  more  clearly  vegetable 
structures,  the  Diatomese.  The  former  mentions  (qp.  cit.  p.  61)  thi-ee  in- 
stances in  which  he  encountered  foreign  particles  within  the  substance  of 
Phytozoa ;  but  these  would,  instead  of  supporting,  be  reaUy  opposed  to  the 
polygastric  hypothesis.  For  instance,  he  discovered  in  a  Peroneina  a  species 
of  Bacillaria  as  large  as  itself,  and  consequently  not  containable  withm  one 
of  the  supposed  gastric  cells. 

In  the  case  of  the  soft,  iUoricated  minute  Monadina,  into  which  fine  particles 
have  found  their  way,  it  is  to  be  remembered  that  they  are  mere  masses  of 
yielding  protoplasm  unprotected  by  a  cuticle ;  and  fiu'ther,  we  may,  along 
with  Perty,  reasonably  presume  that,  in  some  examples  of  the  entrance  of 
external  matters,  it  has  been  effected  much  in  the  same  way  as  with  the 
Amoehce,  by  the  soft  substance  overlying  and  then  surroimding  them. 

If  a  mouth  and  stomachs  have  no  existence,  it  follows  that  nutrition  must 
be  effected  by  imbibition — by  endosmotic  and  exosmotic  action — just  as  in  any 
simple  vegetable  or  animal  cells.  Perty  (op.  cit.  p.  62)  adduces  an  experiment 
showing  that,  to  some  Phytozoa  at  least,  water  rich  in  nutritive  organic 
material  is  necessary  to  their  complete  and  healthy  development ;  for  when 
taken  from  such  water  and  placed  in  other  quite  pure,  they  dwindled  in  size, 
although,  curiously  enough,  they  at  the  same  time  became  more  active. 

To  complete  what  we  have  to  say  of  their  vital  endowments  (ii-respective, 
that  is,  of  the  reproductive  functions),  the  Phytozoa  sock  the  light ;  and  all 
their  nutritive  acts  are  carried  on  more  actively  imdcr  its  influence.  Tlie 
only  exception  is  when,  in  the  process  of  propagation,  they  are  about  to  pass 
into  the  '  still '  condition  and  to  become  encysted ;  then  they  eschew  the  light, 
sink  out  of  sight,  and  recede  to  the  bottom,  or  under  cover  of  aquatic  plants 
or  of  their  debris.  Under  the  influence  of  light  they  exhale  oxygen  gas, 
and  the  green  coloiu-  is  especially  developed, — wliilst  when  kept  in  the  dark 
they  lose  colour,  become  pale,  and  present  few  cliloropliyll-particlos.  The 


120 


GENEHAL  HISTORY  OP  THE  INFUSOBIA. 


intensity  of  light  may  be  too  great,  and  destroy  life  ;  and  a  great  elevation  of 
temperatiu'e  is  less  favourable  to  vital  activity  than  a  moderate  one.  Cold 
retards  vital  action,  and  if  considerable,  an-ests  it,  except  in  the  case  of  the 
encysted  beings,  which  are  so  modified  by  nature  as  to  resist  its  injurious 
influence;  these  consequently  persist  through  the  winter  when  the  motile 
forms  are  cut  off,  and  in  the  coming  spring  burst  forth  into  life.  The  same 
provision  which  imparts  to  the  encysted  organisms  a  tolerance  of  cold,  enables 
them  also  to  Avithstand  the  effects  of  evaporation,  which  to  the  unprotected 
motile  varieties  is  speedily  destructive,  unless,  indeed,  so  gradual  as  to  allow 
them  time  to  pass  into  the  *  still '  form. 

Starch  or  ceEulose  may  be  detected  chemically  in  the  great  majority  of  the 
Phytozoa;  and  even  where  iodine  fails  to  produce  the  characteristic  blue 
colour  dming  life,  it  will  at  times  act  strongly  when  a  brealdng-up  of  the 
contents  follows  evaporation  or  some  other  injurious  influence.  The  efficiency 
of  nutrition  is  manifested  by  the  decided  changes,  chemical  and  vital,  which 
are  seen  in  constant  operation  mthin  the  beings — such  as,  among  others, 
the  transformation  of  chlorophyll  into  starch,  and  of  one  or  both  these  into 
an  oily  matter. 

When  in  the  '  still '  encysted  condition  (XIX.  44-69),  aU  nutritive  changes 
are  at  a  standstill,  and  the  organism  may  exist  weeks,  months,  and  even 
years  imchanged,  until  external  conditions  are  supplied  to  awaken  its  latent 
energies  and  to  renew  the  cycle  of  Hfe.  In  this  torpid  form  the  spores  are 
carried  about  with  the  dust,  or  remain  biuied  in  the  earth,  or  are  elsewhere 
hidden  or  stored  up  against  the  day  of  revival. 

The  passage  into  the  '  stiU '  condition  by  the  throwing-out  of  an  external 
denser  envelope  and  by  the  loss  of  cilia,  is  governed,  it  would  seem,  m  some 
measiu-e  by  external  circumstances.  Motile  forms  are  replaced  by  the  '  stiU ' 
in  whole  or  in  part,  and  with  greater  or  less  rapidity,  by  pouring  the  water 
containing  them  into  a  larger  and  shallower  vessel,  and  by  gradual  evaporation. 

The  protoplasm  of  Phytozoa  being  homologous  in  aU  perceptible  particulara 
with  the  'sarcode'  of  Protozoa,  suffers,  like  it,  the  destnictive  process  of 
'diffluence'  or  'deliquescence'  when  evaporation  reduces  the  quantity  of 
water  around  the  unprotected  motile  fonns  below  the  quantity  necessary  to 
vital  action.  The  first  noticeable  result  of  evaporation  is,  according  to  Cohn, 
at  least  in  the  instance  of  Protococcus  (op.  cit.  p.  538),  a  more  rapid  change 
of  figure  and  appearance,  followed,  if  the  evaporation  continue,  by  diffluence, 
in  which  he  distinguishes  two  stages  or  phases  :— "In  the  fii-st,_the  outlines 
appear  less  sharply  defined,  because  the  coloured  substance  is  somewhat 
retracted  from  the  border  of  the  primordial  cell ;  the  cells  become  flattened, 
and  at  the  same  time  wider  :  the  contents  are  also  now  altered  ;  previously 
more  homogeneous  and  transparent,  they  now  become  thi'oug;hout  granular, 
and  the  red  substance  runs  together  in  large  drops.  At  this  time  the  forma- 
tion of  vacuoles  commences ;  and  theu-  number  continues  to  increase.  In  this 
way  the  interior  of  the  primordial  cell  again  becomes  colourless,  clear  as 
water,  and  the  granular  coloui-ed  contents  pressed  against  the  waUs.  .  .  .The 
'ififfure'of  the  cell  in  the  warm  time  is  so  much  expanded,  that  it  comes  to  be 
applied  upon  the  wall  of  the  enveloping  ceU,  alternately  filHng  it  altogether, 
so  that  the  entire  zoospore  appears  to  consist  of  only  a  single  coloui-cd  gra- 
mmar vesicular  disc,  corresponding  in  size  with  the  original  enveloping  cell." 

MtTLTiPMCATioN  AND  Eeproduction  OF  Phttozoa.  Pission  :  Mackogontdia  ; 
Micbogontdia:  Encysting  peooess  :  Phases  of  existence.— The  multiplica- 
tion of  the  individuals  of  the  species  of  Phytozoa  is  pro%ided  for  by  the 
process  of  self-division,  deduplication ,  or  fission.  Tins  takes  place  according 
to  the  plan  obtaining  in  vegetable  and  animal  cells  m  general. 
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The  cell-contents  divide  into  two  or  more  segments,  each  of  which  can 
further  develope  aroimd  itself  a  gelatinous  investment,  and  enter  on  an  inde- 
pendent existence.  In  Eugle7ia,  self-division  occurs  longitudinaUy  into  two 
portions ;  and  the  newly- developing  half  is  of  smaUer  size  than  the  other,  but 
becomes  complete  in  aU  its  pai-ts  before  its  severance  is  effected. 

The  motile  cells  of  GUamydococcus  undergo  fission  into  two  or  four  seg- 
ments (XIX.  23-26) :  this  tabes  place  in  the  protoplasmic  or  primordial  cell 
contained  within  the  hyaline  spherical  envelope-ccR ;  when  division  is  com- 
plete, the  latter  is  ruptured,  the  sections  escape  as  independent  beings,  each 
throws  out  around  itself  its  envelope-ceU,  and  in  aU  points  goes  through  the 
same  cycle  of  development  as  the  parent-cell.  Many  Monads  also  divide 
into  two  beings,  whilst  others  separate  into  four.  In  the  above-cited  ex- 
amples the  fission  is  complete,  and  each  segment,  on  detaching  itself  from  the 
other,  becomes  an  independent,  free  being. 

But  this  same  act  of  fission  may  proceed  imder  different  circumstances ; 
and  instead  of  a  single  organism,  a  colony  may  be  formed,  consisting  of 
several  individual  ceUs  united  together,  either  permanently  or  only  for  a 
time,  within  a  common  envelope.  These  aggregate  Phytozoa  are  especially 
represented  in  the  family  Volvocinece. 

In  this  second  mode  of  fission  the  process  is  repeated  a  greater  number  of 
times — ^for  instance,  some  3,  4,  or  5  times — the  result  being  a  higher  multiple 
of  2,  the  product  of  the  first  act  of  scission. 

Each  repetition  of  the  process  of  fission,  from  the  commencement  until 
its  completion,  constitutes,  in  Niigeh's  language,  a  transitional  generation, 
whilst  the  final  repetition  produces  the  permanent  generation.  For  example, 
in  Stephanospluera  two  segments  are  produced  by  the  act  of  fission,  which  re- 
present the  first  generation  (XIX.  45) ;  then  each  of  these  subdivides,  and  so 
developes  four  portions  (XIX.  40,  46) — the  second  generation ;  and,  lastly, 
each  of  the  foui"  separates  into  two,  and  in  that  way  produces  eight  segments 
— the  third,  and  in  this  organism  the  final  or  permanent  generation  (XIX. 
41,  42,  56). 

Unlike  the  segments  resulting  from  a  single  act  of  division,  or,  as  may 
happen,  from  this  act  once  repeated,  each  newly-formed  primordial  cell 
does  not  commonly  surround  itself  with  an  envelope  and  enter  on  an  isolated 
existence,  but  the  whole  eight  or  more  continue  to  live  within  a  common 
tunic,  which  presently  expands  by  endosmotic  action  and  acquires  a  more  or 
less  spherical  figure  (XIX.  56, 57, 58).  Simultaneously  with  this  expansion, 
the  previously  contiguous  particles  are  drawn  away  more  and  more  from 
each  other,  and  disposed  within  the  common  envelope,  after  a  more  or  less 
regular  fashion,  characteristic  of  the  species  to  which  they  belong  (XTX.  42, 
58).  In  general,  the  separation  of  the  primordial  cells  is  not  complete; 
bonds  of  union  between  them  in  their  early  state,  when  closely  approximated, 
become  dinwn  out,  and  ultimately  present  themselves  as  intercurrent  thi-eads. 
When  this  series  of  changes  is  terminated,  we  have  before  us  a  reproduction 
of  the  aggTcgate  organism  of  Avhich  the  dividing  primordial  ceU  was  but  an 
individual  member.  Braun  has  styled  this  variety  of  reproduction  by  fission, 
development  by  '  macrogonkUa:  It  is  well  illustrated  in  StepJumospJicera, 
above  cited,  in  Volvox  (XX.),  in  Goniitm  and  Fandorina  (XIX.  35,  36,  37, 
and  62-66),  and  also  in  undoubted  Alg03,  the  Hydrodictuon  or  Water-net 
for  example. 

But  the  segmentation  of  the  coUs  of  Phytozoa  occm-s  in  yet  another  form ; 
I.e.  the  fission,  instead  of  stopping  at  the  third  or  fom-th  generation,  pro- 
ceeds still  further,  until  32  or  64,  a  hunch-cd.  a  thousand  and  upwai-ds  of 
minute  ceU-stnicturcs  arc  produced,  tcclinically  called  '  mkrofjonidh;  in- 
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tended  to  pei-petuate  the  species  by  their  tdterior  development.  Although, 
like  the  '  macrogonidia,'  they  are  formed  within  a  common  envelope,  yet 
each  cell  among  them  docs  not,  as  in  those  products,  enclose  itself  Avith  its 
own  tunic,  and  fix  itself  permanently  within  the  general  investment — ^in 
other  words,  assume  at  once  the  '  still '  condition  ;  but  the  whole,  after  entire 
separation  from  one  another,  become  endued  with  vital  activity,  and  are  sub- 
sequently set  free,  by  the  dissolution  or  rupture  of  the  smTOunding  parent-ceU, 
as  SO  many  moving  zoospores  (XIX.  51).    The  motion  of  these  httle  bodies 
within  the  original  cell  is  of  a  hurrying  to-and-fro  or  up-and-doAvn  cha- 
racter, and  has  been  styled  '  swarming.'    On  emerging  from  the  ruptured 
cell,  each  little  body  is  seen  to  have  a  spindle-shaped  figure,  terminated  at  its 
anterior  clear  and  usually  elongated  extremity  by  two  or  four  cilia  (XIX.  52). 
In  every  essential  particiilar  these  mierogonidia  are  homologous  ^\ith.  the 
motile  gonidia,  swarming-cells,  or  spores  of  the  common  Algffi,  such  as  Bry- 
opsis,  Godiwm,  Achhja,  Chmtophora,  Ulothrix,  Hydrodktyon,  &c.    Cohn's  re- 
marks on  the  formation  of  mierogonidia  in  Stephanosphcera  (A.  N.  H.  1852,  x. 
p.  346)  may  elucidate  this  subject  still  further.    He  says,  "  While,  in  the 
formation  of  macrogonidia,  the  secondary  cells  become  surrounded  by  a 
common  envelope  and  are  not  free  (as  an  entii-e  connected  family  of  cells 
arranged  according  to  a  definite  law),  in  the  mode  of  propagation  of  miero- 
gonidia the  little  secondaiy  cells  finally  become  totally  separated  from  one 
another  without  secreting  an  envelope-ceU ;   and  in  this  way  each  of  the 
eight  primordial  cells  of  the  perfect  StephanosphcBra  is  broken  up  into  32  to 
64  iadependent,  green,  eUiptical  or  spindle-shaped  corpuscles,  which  then 
separate  from  one  another,  commence  an  independent  and  active  motion,  and 
fill  up,  ia  great  numbers  (as  many  as  256-512),  the  common  parent  envelope- 
ceU  (XIX.  51) ...  .  The  crowding-in  among  each  other  of  the  mierogonidia  of 
SteplianospJmra  presents  a  picture  fixing  the  attention  in  the  highest  degree  : 
sometimes  the  ceUxiles  are  scattered  in  a  few  large  masses— then  they  unite 
agaia  into  a  knot  in  the  middle— every  moment  the  general  aspect  vanes. 
At  length  the  common  envelope  is  niptiu-ed,"  and  they  escape  in  masses 
into  the  water.    "  Their  true  form  may  then  be  detected  readily  by  killing 
them  with  iodine ;  they  are  spindle-shaped  and  acuminated  at  both  ends, 
bright  green  in  the  middle,  and  run  out  into  a  colourless  beak  at  each  end- 
on  the  whole  not  unlike  young  Eucjlence,  without  trace  of  an  envelope-ceU 
(XIX  52)."    On  reaching  the  water  their  movements  are  most  active,  and 
then  rapidiy  disperse  out  of  sight.    These  bodies  are  trae  primordial  cells, 
"  that  is,  primordial  utricles  resembling  cells,  organized  exclusively  of  co- 
loured protoplasm,  -without  any  cell-membrane."  /  ^  at 
Upon  a  general  survey  of  development  by  gonidia,  Cohn  remarks  {A.  iV. 
H  1852,  X.  p.  403)—"  Abstracting  the  differences  which  may  always  be 
shown  between  two  genera,  we  detect  the  same  law  of  development  m  Hy- 
drodictyon  as  in  Stephanosphm-a :  the  biciliated,  less  numerous  macrogo- 
nidia arrange  themselves  into  a  family  of  cells  ali-eady  within  the  parent-ceU, 
according  to  the  character  of  the  given  conditions  of  the  two  generay— the 
cell  famUy  being  active  in  the  Yolvocineas  and  immoveable  in  the  i  roto- 
coccaceee  •  while  the  more  numerous,  more  actively-moving  microgomdia 
with  four' cilia  leave  the  parent-cell  and  enter  upon  a  metamoiThosis  the  rc- 
trogradation  from  which  to  the  normal  type  of  the  genus  has  not  been  ob- 
served yet  here,  or  indeed  in  the  mierogonidia  of  any  of  the  Algce.     It  may 
be  conjectm-ed  that  these  latter  pass  into  a  resting  state,  pnor  to  any  furthe 
development;  for  both  Cohn  and  Braun  have  mtnesscd  this  change  in 

^^rtSiftd  tape  of  mierogonidia  have  been  obse^ed  by  many 
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naturalists— for  instance,  by  Weisso  in  Chloroyonnm,  and  by  Perty  m  each 
fandly  of  Phytozoa.  The  production  of  sucli  bodies  is  frequently  treated  ot 
as  development  by  germs,  and,  no  doubt,  is  the  same  phenomenon  Ehi-enberg 
represents  as  viviparous  reproduction.  t  •  i  i 

Microgonidia  are  not  so  commonly  developed  as  macrogomdia ;  and  indeed 
theii-  formation  would  seem  determined,  at  times  at  least,  by  external  cii-- 
ciimstances  affecting  theii-  fimctions  and  vital  activity  unfavoiu-ably.  Thus, 
Cohn  {Entw.  p.  168)  narrates  the  cu-cumstance  of  the  peculiar  and  pretty 
general  development  of  microgonidia,  in  CUamydococcus,  after  a  thunder- 
storm. .        J.  T>1,  i 

Process  op  ENCTSTrfre  :  Coiromosr  of  best. — The  perpetuation  of  Phytozoa 
is  provided  for,  as  before  intimated,  by  another  process,  which  both  secures 
to  the  cells  imdergoing  it  a  power  of  successfully  resisting  influences  that 
to  unprotected  gonidia  are  destractive,  and  is  connected  with  an  ulterior  act 
of  development.  This  faculty  of  self-protection  is  called  "  the  encysting  pro- 
cess," since  by  it  the  cell  encloses  itseK  within  an  additional  fii-m  tunic,  which 
suiTOunds  it  like  a  case  or  cyst,  and  transforms  it  into  a  '  still '  or  'winter  '  spore. 

The  process  takes  place  in  all  the  Phytozoa  after  the  same  fashion :  the 
protoplasmic  covering  of  the  gonidiiun  or  cell  secretes  around  it  a  dense,  firm 
envelope,  which  ia  general  becomes  raised  from  it  aU  round,  so  as  to  leave  a 
clear  intervening  space.  On  the  assumption  of  this  extra  covering,  cells 
previously  motile  and  active  enter  on  the  '  still '  condition  and  lose  their 
ciha ;  at  the  same  time,  the  character  of  the  contents  is  altered,  and  a  red 
colour  frequently  acquired.  The  transformation  ia  their  physical  structure 
is  accompanied  by  a  physiological  change  ;  for  in  place  of  seeking  the  light, 
exhaling  oxygen,  and  carrying  on  all  the  vital  processes  with  a  corresponding 
activity,  they  sink  to  the  bottom  and  conceal  themselves  fi'om  the  light.  It 
appears,  from  Cohn's  researches  on  Protococcus,  Gonium,  and  other  Phytozoa, 
that  they  become  released  from  theii*  imprisonment,  under  the  influence  of 
favourable  external  conditions,  by  the  deliquescence  of  the  rigid  external  sac, 
and  sometimes  by  its  transformation  into  an  external  mucilaginous  invest- 
ment, and  by  the  breaking-up  of  the  internal  protoplasmic  cell  into  a  number 
of  motile  zoospores. 

The  act  of  encysting  may  proceed  with  macrogonidia  in  theii-  '  still '  con- 
dition ;  or  it  may  overtake  motile  primordial  cells,  as  in  the  case  of  Ewjlena 
and  of  some  phases  of  Protococcus,  and  in  such,  just  as  in  the  zoospores  of 
Algte,  prove  antecedent  to  fiu'ther  acts  of  development  by  fission.  Cohn  im- 
plies, in  his  histoiy  of  Protococcus,  that  microgonidia  may  themselves  be  en- 
cysted ;  and  the  same  eminent  observer  describes  the  primordial  ceUs  of  that 
plant  as  in  some  instances  surrounding  themselves  with  a  finn  external 
envelope,  pushing  out  two  cilia,  and  moving  about  for  a  time  in  a  'swarming' 
manner  ere  assuming  the  '  still '  conchtion,  when  the  ciHa  disappear.  But, 
further,  he  shows  that  gonidia,  fm-nished  with  a  rigid  external  waU,  proceed 
to  developc  otliers  like  themselves  by  self-division  of  their  substance  (XIX. 
25),  and  that  these  secondaiy  cells,  each  included  within  its  own  sac,  go  on 
to  divide  into  other  spores,  which,  however,  prove  not  to  be  '  stiU '  like  their 
parents,  nor  like  them  encysted,  but  motile  zoospores. 

In  the  aggregated  family  Volvocinete,  some  or  all  the  primordial  cells  be- 
come encysted.  When  this  takes  place,  their  contents  grow  thicker,  less 
ti-ansparcnt,  darker,  and  change  from  gi-ccn  to  brown  and  brownish,  or  to 
a  yellowish  red.  At  the  same  time,  the  intercuiTent  filaments  disappear,  the 
cells  themselves  acquii-e  a  more  spherical  figxu-e,  and  gradually  loosen  them- 
selves from  the  common  envelope,  and  move  slowly  about  within  it  by  means 
of  two  cilia,  until  they  at  length  escape  by  a  ruptiu-c  at  some  point  (XIX.  44, 
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50).  These  encysted  spores  resemble  Chlamydomonads,  and  are  called  '  Pro- 
toccocoid '  cells  or  globules,  from  their  homology  with  the  encysted  cells  of 
Protococcus. 

Occasionally,  instead  of  one  or  several  of  the  individual  gonidia  of  a  com- 
pound organism  being  encysted,  the  process  ensues  -with  a  gonidium  deve- 
loped by  fission  into  macrogonidia,  and  the  whole  mulbeny  or  Uvella-]ike 
mass  becomes  sm-rounded  by  a  rigid  envelope,  either  pretty  closely  applied, 
or  sepai'ated  by  an  interspace. 

Examples  of  the  encysted  condition  will  occur  in  the  foUowrug  account  of 
the  several  groups  of  Phytozoa ;  it  suifices  at  present  to  say  that  Prof.  Wil- 
liamson and  others  have  pretty  clearly  shown  that  Volvox  aureus  is  only  the 
encysted  or  '  still '  form  of  V.  globator,  that  Cohn  has  discovered  the  cysts  of 
Steplianosphoira,  Gonium,  and  Eudorina,  and  Henfrey  those  of  Pandorina. 

The  after-histoiy  of  the  encysted  spores  of  Phytozoa  has  not  yet  been 
elucidated :  we  have  above  referred  to  Cohn's  researches  upon  it ;  but  they 
are  too  indefinite  to  supply  any  positive  information.  The  act  of  conjugation 
is  common  with  many  of  the  lower  Algae,  but  has  not  been  witnessed  among 
the  Phytozoa. 

Phases  of  Being  aot)  Alternation  of  Geneeation  in  Phytozoa. — From 
the  preceding  account  of  Phytozoa,  it  is  evident  that  those  best  known  exist 
imder  a  considerable  variety  of  form — in  other  words,  present  several  phases 
of  existence,  or,  viewed  in  relation  with  a  prevailing  hypothesis,  exhibit 
an  alternation  of  generation.  The  whole  history  of  any  Phytozoon  is  com- 
prehended in  the  cycle  of  changes  which  the  organism  passes  through ;  yet, 
under  any  transformation,  it  is  the  self-same  being,  and  its  existence  may 
be  said  to  extend  from  its  most  perfect  through  aU  intermediate  phases  until 
the  Hke  degree  of  perfection  is  again  attained.  As  happens  in  alternation 
of  generations  among  other  organized  beings,  the  transition  may  not  be 
direct  and  simple,  but  intermediate  phases  may  reproduce  themselves,  and 
these  again  develope  into  other  forms  of  existence,  as  accessory  or  collateral 
and  usually  imperfect  cycles. 

Perhaps  the  metamoi-phoses  in  question  are  most  striking  in  EugJence ;  for 
the  contrast  between  the  actively-moving,  contractile,  ever- changing  being 
in  one  phase  of  existence,  and  the  encysted,  '  Protococcoid,'  spore-like  and 
motionless  condition  with  a  rigid  unvarying  outline,  is  so  remarkable  as  to 
give  colour  to  the  hypothesis  of  the  convertibility  of  animal  into  vegetable 
life,  or  of  the  transformation  of  animals  into  plants.  It  is  not  our  intention 
at  present  to  give  illustrations  of  the  varying  phases  ia  the  life  of  Phytozoa 
involved  in  the  process  of  fission,  or  of  a  duplicative  multiplication  under  its 
various  forms.  However,  other  more  extended  instances  of  transformation 
require  to  be  noted,  as  observed  by  various  microscopists, — although,  it  may 
be,  some  errors  have  crept  in,  from  the  difficulty  of  tracing  the  relation  and 
succession  of  the  different  phases  of  being. 

As  a  very  good  example  of  the  wide  and  varied  range  of  existence  enjoyed 
by  most  Phytozoa,  we  may  adduce  the  Protococcus  pluvialis  (XIX.  20-31), 
of  which  the  industry  and  perseverance  of  Prof.  Cohn  have  obtained  for  us 
so  complete  an  account.  Accordmg  to  the  researches  of  this  eminent  natii- 
raUst  the  simple  plant  in  question,  in  its  motile  and  still  conditions,  assumes 
the  form  and  characters  of  many  microscopic  organisms  presumed  to  be,  and 
described  by  Ehrenberg  and  others  as,  distinct  existences.  To  quote  from 
Cohn's  memoir  (B.  S.  p.  559),  "  Wo  see  that  a  single  species  oynng  to  its 
numerous  modes  of  propagation,  can  pass  through  a  number  of  very  v^inous 
forms  of  development,  which  have  been  cither  erroneously  arranged  as  distinct 
genera,  or,  at  least,  as  remaining  stationary  m  those  genera,  altiiough,  m 
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fact,  only  transitional  stages.  Thus,  the  '  still '  Pr-otococcus-ceTl  coiresponcLs 
to  the  common  Protococcus  coccoma  (Kiitz.).  When  the  border  becomes  gela- 
tinous, it  resembles  P.  pulcher,  and  the  smaU  ceUs  P.  minor.  The  encysted 
motile  zoospore  is  the  genus  Gh/ges  granulum  among  the  Infusoria,  resembling 
also,  on  the  other  side,  P.  tunjidus  (Kutz.),  and  perhaps  P.  versatilis  (Braun). 
The  zoospores  divided  into  two  must  be  regarded  as  a  form  of  Gijges  Upar- 
titus,  or  of  P.  dimicliatus.  In  the  quadripartite  zoospores,  with  the  secondary 
cells  arranged  in  one  plane,  we  have  a  Gonium.  That  with  eight  segments 
corresponds  to  Pandorina  Morum,  and  that  with  sixteen  to  Botryocystis 
Volvox.  When  the  zoospore  is  divided  iato  thirty-two  segments,  it  is  a  Uvella 
or  Syncrypta.  When  this  form  enters  into  the  '  still '  stage,  it  may  be  re- 
garded as  a  form  analogous  to  Microhaloa  protogenita :  this  Algal  genus  is 
probably,  speaking  generally,  only  the  product  of  the  ZJveZZa-division  in  the 
Euglence  or  other  green  forms.  The  naked  zoospores,  finally,  would  represent 
the  form  of  a  Monad,  or  of  an  Astasia  ;  the  caudate  variety  approaches  that 
of  Bodo.  A  critical  and  comparative  consideration  of  the  foregoing  facts 
would  therefore  appear  to  render  untenable  almost  aU  the  principles  which 
modern  systematists  have  hitherto  adopted  as  the  basis  for  construction  of 
their  natural  kingdoms,  families,  genera,  and  species." 

Cohn  {op.  cit.  j)p.  541,  542)  makes  the  following  general  deductions : — 
"  1.  The  Protococcus  phcvialis  is  a  plant,  subject  to  an  alternation  of  genera- 
tions ;  that  is  to  say,  the  complete  idea  of  the  species  is  not  exhibited  in  it 
imtil  after  a  series  of  generations.  The  forms  of  development  which  can  be 
possibly  comprehended  in  the  idea  of  the  species  do  not  in  reahty  make 
themselves  apparent  until  a  series  of  independent  successive  generations  has 
been  gone  thi'ough.  2.  The  iudividuals  of  each  generation  are  capable  of 
propagating  themselves  in  new  generations.  The  individuals  of  the  second 
generation  are  among  themselves,  speaking  generally,  of  equal  value  :  as  re- 
spects the  individuals  of  the  parent  generation,  they  are  sometimes  of  equal 
value  with  them,  sometimes  not.  3.  If  the  secondaiy  cells  are  not  of  equal 
value  with  the  parent-cells,  a  series  of  successive  generations  must  precede 
the  last  generation,  the  iudividuals  of  which  are  again  equivalent  to  the  fii-st 
mother-cell.  The  number  of  these  generations  does  not  seem  to  be  deter- 
minate." By  equivalent,  the  author  means  such  individuals  or  generations 
as  correspond  with  each  other  in  their  essential,  physiological,  and  organo- 
logical  relations,  although  they  may  differ  in  unessential  properties,  such  as 
colour,  size,  internal  consistence,  &c.  Non-equivalent  are  those  generations 
which  in  their  structure  and  vital  relations  exhibit  essential  differences,  such 
as  '  still '  and  '  motile '  cells,  and  among  these,  again,  their  various  forms, 
and  particularly  those  which  are  derived  from  a  different  mode  of  propa- 
gation. 

_  Major  von  Flotow  {Nova  Acta  Acad.  Nat.  Curios.  1844,  p.  413),  it  is 
right  to  state,  remarked  on  the  similarity  of  various  forms  of  development 
of  Hcematococcus  {Protococcus,  Cohn)  pluvialis  with  Infusoria,  signalizing  the 
genera  Chilomonas,  Cryptomonas,  Gyges,  Chlamydomonas,  Pandorina,  Olicc- 
toglena,  and  Olicetotyphla  of  Ehrenberg's  system. 

Phytozoa,  or  sti-uctiires  undistinguishable  from  them,  constitute  links  in 
the  cham  of  still  more  mai-vcllous  transformations.  Thus,  Itzigsohn  repre- 
sents several  m  the  history  of  the  development  of  the  Oscillatoriefe.  For  ex- 
ample (/.  M.  S.  1854,  p.  189)—"  The  filaments  of  OsciUatona  tenuis  break  up 
into  perfectly  distinct  joints,  which,  at  fii'st  lu'coolate,  soon  become  spherical. 
The  minute  yellowish-green  gonidia  thus  arising  gradually  increase  in  size, 
become  motile,  and  present  in  all  respects  the  aspect  of  CJaamydomonas." 
These  bodies  "  gradually  enlarge ;  a  red  eye-point  becomes  visible  in  them ; 
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and,  presenting  a  thousand  intermediate  forms,  they  grow  into  perfect 
Eicglence."  After  awhile  these  Euglence  become  encysted,  and  terminate  in 
the  quiescent  or  '  Protococcus-conditi.on,'  and  subsequently,  by  self-division 
of  the  contents,  are  resolved  into  motile  microgonidia  which  escape  free  into 
the  water.  "  If  a  number  of  these  remain  conjoined,  and  move  about  with  a 
rowing  kind  of  movement,  theii*  locomotion  being  governed  by  a  common 
spontaneity,  they  represent  a  FoZwo.x'-like  colony,  which,  perhaps,  may  even 
have  been  described  as  VoJvox  by  authors.  The  microgonidia  of  the  Euglena, 
like  those  of  all  the  Algse  hitherto  examined  by  me,  are  the  motile  parent- 
cells  of  extraordinarily  minute  spiral  filaments.  They  arc  at  first  green, 
gradually  becoming  pellucid — exactly  like  the  spermatospheres  of  Spirogyra, 
presenting  a  Monadiform  aspect.  A  pecuhar  appearance  arises  when  many 
microgonidia  in  such  groups  remain  green  whilst  the  others  have  already 
become  clear  as  water ;  the  mass  then  presents,  in  fact,  the  aspect  of  being 
composed  of  two  kinds  of  animalcules.  Such  or  similar  conditions  would  re- 
present several  species  of  the  supposed  genus  Uvella  (atomus,  glaucoma,  Bodo, 
&c.).  Each  ultimately  coloui'less  microgonidium,  then,  by  the  dissolution  of 
its  minute  gelatinous  envelope,  discharges  a  small  motile  spiral  filament."  .  .  . 
"  These  spiral  filaments  do  not  appear  to  be  destined  for  the  pui-poses  of  im- 
pregnation ;  for  they  gradually  iacrease  in  length  and  thickness,  soon  exhi- 
biting numerous  spiral  turns,"  and  then  exchange  the  Sj)irilla-]ike  for  a 
SpiruUna-torm.  "  PinaUy,  when  their  motile  faculty  has  become  weakened, 
they  aflx  themselves  by  one  extremity  to  any  larger  object  near  (for  instance. 
Conferva-filaments,  &c.),  whilst  the  other  extremity  continues  to  move  about 
with  a  creeping  motion — the  peculiar  Oscillatorian  movement,  m  performing 
which  a  young  filament  frequently  retiirns  to  the  spiral.  The  last- described 
condition  constitutes  the  LeptothrLv  of  authors.  The  filaments  now  gradually 
become  thicker  ;  and  though  at  first  of  the  hghtest  emerald-green,  they  gra- 
dually assume  a  deeper  and  deeper  tint.  The  fij-st  indications  of  articulation 
are  perceptible  in  them,  until  at  last  a  young  Oscillaioria  is  again  perfected." 

But  the  remarkable  metamorphoses  of  this  Oscillatoria  are  surpassed 
by  those  of  the  Phytozoa  of  antheridia,  as  recounted  by  Prof.  Hai-tig 
{/  M.  8.  1855,  p.  51)  :  the  antheridia  of  Marchantia  foiTu  the  subject  of 
obsei-vation.  Their  Phytozoa  first  assume  the  form  of  Ehrenberg's  genera 
Spirillum  and  Vibrio,  of  which  the  most  frequent  varieties  met  with  ai-e 
Vibrio  rugula  and  V.  prolifera ;  "  after  twenty-fom-  hoiu's  most  of  these 
Vibrios  and  Spirilla— after  forty-eight,  all  of  them— have  become  disarticu- 
lated." The  whole  drop  of  water  in  which  they  float  is  now  rendered 
milky  and  turbid  by  numberiess  globules,  similar  to  Monas  crepusculum,  va.  a. 
state  of  active  motion ;  and  it  is  an  important  circumstance  that  Spirillum 
does  not  originate  from  Monas,  but  always  Monas  from  SpinUim.  After 
forty-eight  hours,  "  groups  of  several  hundi-eds  may  fi-equently  be  seen,  in 
which  the  primary  active  motion  has  ceased.  Shortly  aftenvards  a  sharply- 
defined  hyaline  skin  is  foi-med  round  these  groups,  and,  as  it  would  seeni, 
bv  the  amalgamation  or  conjunction  of  the  exterior  molecules by  this 
means  the  young  Amceha  (Proteus)  is  formed.  Tliis  transformation  takes 
nlace  pretty  regularly  towards  the  end  of  the  tliii-d  day.  The  ongmal  size 
if  the  Amoeba  is  1-300"'  in  diameter.  In  the  course  of  three  or  tour  days, 
it  grows  to  about  the  size  of  1-100"'.  This  species  dfors  from  the  Ania^bo! 
hitherto  described,  in  the  fact  that  the  inner  portion  of  the  body  which  beai-s 
the  granules  is  much  smaUer  than  a  certain  hyaline  covei;mg,  which  covering 
m  closelv  attached  to  the  hinder  pari  of  such  inner  portion,  but  extends  far 
away  from  the  anterior  part ;  and,  in  addition  to  this,  the  progressive  motion 
hTtWs  species  originates  in  an  alternate  enlargement  of  the  longitiidinal  and 
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transverae  diameters,  and  is  so  slow  as  to  amount  at  the  utmost  to  no  more 
than  1-40"'  per  minute.  The  form  of  the  body  resembles  that  of  Amoeba 
princeps  (Ehi-enberg).  The  vesicle  in  the  hinder  part  of  the  body,  which 
was  fii-st  described  by  Ehrenberg  as  a  mouth,  and  afterwards  as  an  ovarium, 
is  also  present. 

"After  foiu-  or  five  days  the  Amoeba  assumes  a  spherical  shape  and  becomes 
motionless,  the  vesicular  body  expanding  and  contracting  rapidly  as  before, 
in  a  manner  similar  to  what  takes  place  in  many  Vorticellce.  These  spherical 
motionless  Amoebce  are  then  for  the  most  part  united  by  a  mucilage  into 
groups  of  from  ten  to  twenty.  The  muciLage  appears  to  be  produced  by  the 
decomposition  of  a  cast-olf  external  sldn. 

"  In  about  a  fortnight  after  the  commencement  of  the  experiment,  a  green 
point  appeal's  in  the  interior  of  the  spherical  colourless  body  of  the  Amoeba ; 
this  point  gradually  increases  in  size  until  it  fills  up  the  entire  hollow  of  the 
Amoeba,  and  after  becoming  covered  with  a  cuticle  it  escapes  in  the  form  of 
an  eUiptical  bright  green  ceU,  1-300"'  in  diameter,  resembhng  a  Protococcus. 
It  exhibits  a  round  transparent  cavity,  devoid  of  chlorophyll,  corresponding 
in  size  and  position  to  the  vesicular  body  of  the  Amoeba,  and  resembling  at 
its  colourless  apex  the  motile  gonidia  of  Cladophora.  A  few  days  later  the 
eUiptic  or  roundish  cell  lengthens,  a  formation  of  transverse  septa  commences, 
and  the  unicellular  Alga  becomes  an  articulated  one. 

"  AU  these  transformations  of  Phytozoa  into  Spirilla,  Vihriones,  Monads, 
Amoebce,  unicellular  and  articulated  Algae,  may  be  obseired  not  only  in  the 
detached  Phytozoa,  but  in  those  which  remain  in  the  interior  of  the  sections 
of  the  antheridia.  In  those  antheridia  of  which  the  Phytozoa  are  not  fully 
ripe,  the  Amoebce  are  seen  to  originate  in  the  middle  of  the  internal  mass  of 
phytozoaiy  cells :  some  of  them  make  their  way  out  through  the  softened 
mass  of  cellular  tissue  ;  but  others  remain  in  the  interior  of  the  antheridium 
until  their  development  into  an  articulated  Alga. 

"  Contemporaneously  with  Amoeba,  and  often  earlier,  there  may  be  seen, 
amidst  the  mass  of  Monads,  bodies  very  similar  in  form  and  motion  to  the 
genus  Bodo  (socialis),  and  which  increase  by  transverse  division ;  they  have 
the  front  end  furnished  with  a  long  whip-shaped  antenna  or  ciKum  similar 
to  that  of  Euglena.  At  their  fii-st  appearance,  their  motion,  their  change  of 
form,  and  their  whole  exterior  differ  so  little  from  the  earliest  states  of 
Amoeba,  that  at  this  period  they  cannot  be  distinguished.  In  these  early 
stages  they  both  resemble  Chlamijdomonas  destruens  of  Ehrenberg. 

"  The  above  forms  imiformly  make  their  appearance,  and  always  in  the 
succession  above  described.  It  is  true  that  other  forms,  such  as  Uvellw  and 
even  Leptomitce  and  Periconiai,  are  sometimes  met  with,  the  genns  of  which 
may  have  been  imported  by  the  atmosphere  diu-ing  the  observation  ;  but  these 
organisms,  luhich  cdivays  appear  singhj  and  after  the  commencement  of  the 
observation,  do  not  interfere  with  the  above  results  when  we  consider  the 
immense  number  of  the  Phytozoa  and  their  uniform  and  contemporaneous 
transformations.  If  about  a  dozen  preparations  are  made,  and  if  they  are 
carefiiUy  covered  with  a  bcU-glass  after  each  observation,  and  if  care  be 
taken  not  to  extend  the  obsei-vations  for  too  long  a  time  at  once,  at  least  half 
of  the  preparations  wiU  be  free  from  aU  admixture  of  foreign  organisms." 

Mr.  Garter  has  advanced  some  remarkable  statements  respecting  the  de- 
velopmont  of  Amccbifom  and  other  Infusoria  from  the  so-caUcd  gonidial 
ceUs  ot  the  mucous  contents  of  various  Algro— as  Chara,  Nitella,  Clado- 
phora, hpiropyra,  and  l/ydrodict>/on,  and  also  of  some  Desmidiea)  and  Eu- 
glenecB  (A.  N.  H.  1856,  xvii.  p.  101).  Again,  he  finds  (p.  114)  the  cells  of 
/bptro^?/TOparticulariy  infested,  during  conjugation,  with  Euglena',  which  arc 
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produced  with  such  rapidity  as  -would  lead  to  the  conclusion  that  the  germs 
from  which  they  originate  must  have  pre-existed  in  the  cells  in  which  they 
appear  (as  in  the  Characeoe),  without  interfermg  with  their  functions.  "Young 
Astasicii  are  also  developed  within  the  cells  of  Sjpirogyra  to  a  great  extent ; 
and  although  they  at  first  have  almost  as  much  polymoi^hism  as  an  Amoeba, 
stiU  they  retain  their  cDium,  and  after  awhile  assume  the  fonn  and  move- 
ments pecuhar  to  Astasia.  On  one  occasion  I  saw  a  large  Amoeba  with  a 
lono-  cilium  at  one  time  assuming  the  form  of  an  Astasia,  and  at  another 
that  of  an  Amoeba,  which  thus  gives  the  link  between  these  two  Infusoria. 
The  cilium,  however,  had  not  the  power  of  the  filament  of  Astasia,  though  it 
occasionally  became  terminal." 

Developments  of  a  similar  Ehizopodous  character  are,  he  goes  on  to  say, 
fi-equent  in  Eucjlena  :~"  I  was  led  to  notice  this  development  by  an  apparent 
metamorphosis  of  the  ceU-contents  of  some  fixed  and  capsuled  Euglence  mto 
gramiliferous  Amceh(s,  of  a  pinkish  colour,  within  the  old  ceU  of  Euglena 
itself  •  and  the  presence  of  several  such  Amoebce  creeping  about  the  watch- 
glass  'whHe  many  of  the  cells  of  the  Euglenai  {viridis'?)  were  empty,  or  only 
contained  a  Httle  effete  matter,  left  no  doubt  in  my  mind  as  to  the  ongm  ot 
both  colour  and  infusorium.  It  was  also  observed  in  some  instances,  where 
the  contents  of  the  Euglena  had  passed  into  an  Amoebous  mass,  that  the 
latter  underwent  a  kind  of  segmentation,  so  that  several  (perhaps  eight) 
small  Amoebce  were  developed  instead  of  one  large  one." 

Of  the  nature  of  Phttozoa.  Ajjimal  and  Vegetable  Chabactebs.— 
The  collection  of  organisms  we  have  grouped  together  for  convemence'  sake, 
and  from  want  of  a  better  arrangement,  under  the  name  of  Phytozoa,  is 
actually  so  heterogeneous  that  no  general  discussion  respecting  the  natiu-e  ot 
them  as  a  class  is  practicable,  whilst,  at  the  same  time  a  separation  between 
vegetable  and  animal  fonns  is  equaUy  impracticable.  The  remarkable  phases 
of  existence  through  which  any  one  species  may  pass  upsets  aU  our  notions 
based  on  presumed  constant  characters  :  for,  as  we  have  seen,  one  and  the 
same  beii  may  at  one  period  of  its  existence  exhibit  in  a  preponderating 
degree  the  vital  phenomena  of  an  animal,  at  another  those  of  a  plant, 
whence  has  arisen  the  hypothesis  of  the  metamori^hosis  of  plants  into 
limals,  and  vice  versd,-^n  idea  that  has  foimd  httle  favoui-  bemg  opposed 
to  the  prevailing  behef  of  the  fixity  of  natm-e  imposed  on  all  beings.  The 
real  fact  of  the  case  is,  that  we  have  no  certain  critenon  between  the  two  divi- 
sions of  organic  nature  which  can  be  relied  on  and  practicaUy  resorted  to  in 
cases  of  difaculty,  such  as  many  of  the  Phytozoa  present 

Some  natui-alists  have  broached  the  notion  that  the  phases  of  existence  of 
a  presumed  animal  or  plant,  wHch  resemble  in  outward  "^P^ct  supposed 
^dependent  species  or  genera,  are  not  identical  with  them  ;  so  that,  fo 
Sstance,  the  a^nimal-looldng  Am^ba  Hartig  met  with  m  the  development^^ 
serieTof  Phytozoa  of  antheridia  should  not  be  considered  reaUy  an  ^mal 
Zoeba,  but  merely  a  vegetable  mass  simulatmg  one  So,  agam  m  Proto- 
„  they  would  deny  anything  but  external  general  charactei-s  to  exist  n 
common  between  its  forms  of  development  and  the  several  genera  Cohn  woidd 
aSate  them  mth.  There  may  be  some  truth  in  this  supposition-there 
mrte  real  animal  organisms  and  true  vegetable  coincidmg  m  form  yet 
Snct  in  nature;  but  the  omcs  probandi  rests  with  those  who  wiU  make 

^fwever'tw^  may  be,  the  advance  of  science  has  midered  it  certain  that 
«oSnIuie  and  genera  which  Ehi-enbcrg,  and  most  obsen-ei-s  befoi-e  his  era 
some  riffhtly  to  be  numbered  among  plants,  wliilst 

TfthsfS  it         S  "e  ,Jd  th*  position  is  doubtM.  Deterring 
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at  present  a  detailed  review,  we  will  confine  ourselves  to  a  few  general  obser- 
vations on  the  natiu-e  of  the  several  families  brought  together  under  the  head 
of  Phytozoa.  The  Monadina  (XVIII.)  of  Ehrenberg  comprise  a  multitude  of 
beings  differing  widely  among  themselves,  and,  for  the  most  part,  not  placeable 
with  certainty  either  among  plants  or  animals.  Of  the  genus  Monas,  especially, 
it  may  be  said  that  its  species  are,  with  few  or  no  exceptions,  mere  phases  of 
being  of  other  organisms.  Of  other  genera  the  like  may  be  presumed,  although 
the  organisms  in  whose  cycle  of  life  they  enter  as  one  of  the  links  have  not 
been  determined.  Not  a  few  are  doubtless  zoospores  of  Algae  or  of  micro- 
scopical Fungi. 

Uvella  (XVIII.  5)  is,  in  the  opinion  of  most  authorities,  a  vegetable  struc- 
ture (see  p.  134)  ;  but  Cohn  {Entw.  p.  115)  still  seems  disposed  to  consider  it 
an  animalcule,  and  represents  Anthophysa  (see  p.  135),  which  has  likewise 
been  extensively  behoved  to  be  a  parasitic  Alga  or  Eungus,  to  be  an  animal 
Uvella  surmounting  a  branching  stem.  Polytoma  is  another  disputed  posses- 
sion between  zoologists  and  botanists  :  among  the  most  recent  advocates  of  its 
animal  character  is  Schneider  (see  pp.  136-139). 

The  Cryptomonadina  would,  in  the  language  of  natiu'alists  generally,  be 
called  'encysted'  Monadi7ia,  and,  hke  this  family,  are  divisible  into  true 
vegetable  and  into  doubtful  animal  organisms,  the  former  certainly  prepon- 
derating. The  next  two  families,  Volvocina  and  Vihrionia,  and  more  especially 
the  former,  may  without  hesitation  be  counted  with  plants,  whilst  the  remain- 
ing one,  Astasicea,  the  majority  of  naturahsts  reckon  among  animalcules. 

Habitats.  Occueeence  en  masses.  Coloub  catjseb  by  theeb  ACCiniiTrEA- 
TioN. — By  far  the  majority  of  known  Phytozoa  are  of  a  freshwater  habit ; 
yet  it  may  be  that,  were  the  search  as  diligent,  maiine  species  might  be 
found  in  nearly  equal  abundance,  particularly  in  inland  and  shallow  seas, 
gulfs,  or  lakes  affording  appropriate  habitats  for  the  larger  Algfe.  Monads 
and  Vibrios,  Bodos,  and  the  Gyclidia  of  Dujardin,  are  probably  the  most 
abimdant  and  widely  diffused  of  all  created  organisms, — a  fact  not  remark- 
able when  it  is  considered  that  those  genera  represent  the  primary  or  ger- 
minal stage  of  so  many  organized  beings,  both  animals  and  plants.  They 
make  their  appearance,  in  collections  of  water  and  in  infusions,  before  all 
others,  and,  unhlvc  most  microscopical  creatui'es,  find  a  fitting  habitat  in  foul 
or  decomposing  fluids  as  well  as  in  sweet  water.  They  also  propagate  them- 
selves with  such  astonishing  rapidity,  that  the  fluid  or  other  medium  in 
which  they  occur  becomes  coloured  by  them.  However,  this  very  rapid  de- 
velopment, and  this  capability  of  colouring  the  suiTounding  medium,  are  not 
restricted  to  the  genera  named,  but  are  partaken  by  others  among  the  Phy- 

"^^r^"""  ^^''^Pl^'  Eiiglena,  and  the  genera  of  Volvocinece, 

aU  ot  them  denizens  of  pure  water,  incapable  of  existence  in  impm-e,  stagnant 
and  decomposing  hquids.  j.      >     o  > 

The  colour  presented  by  their  accumulation  in  large  numbers,  varies 
according  to  the  species.  Thus,  the  Astasia  hmnatodes  and  Euglena  san- 
SZlZ^k^  blood-red  colour  to  water.  The  Monas  (  Vibrio)  prodigiosa  is 
Sir  n^L^^r  be  the  cause  of  the  blood-hke  spots  which  have  made 

disl3  f ^''^^  .^^^  "^"'^l^  t°       consternation  and 

of  rpri  rni     f  °^  of  Perty  is  the  cause  of  tlie  phenomenon 

vLvfv  rJT.f      •^y^'''  "'"''h  more  frequent,  and  due  to  a  larger 

to^nJJ  }  f  organisms;  such  are  Monas  bicolor,  Uvella  Bodo,  Cryp- 
plTril  Tl  ^'T""!  ^^^^"'•"r/"'^"""-  Euglena  viridis,  CUamydomo'L, 
i'andonna,Volvox,Step}mnosphaira,  ami  oih.QVB. 

Besides  becoming  thus  obvious  to  common  obsen^ntion  by  their  colour, 
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many  Phytozoa  render  themselves  so  by  the  evident  masses  or  accumulations 
they  form.  The  dust-Kke  stratum  frequently  noticeable  on  the  surface  of 
water,  or  at  the  sheltered  margins  of  ponds,  is  often  composed  of  various 
genera,  such  as  Eughna,  Chlorogonium,  Pandorina,  and  Oonium,  more  or 
less  intermingled  with  other  Infusorial  beings,  such  as  ciliated  Protozoa, 
Desmidieae,  and  DiatomeEE.  The  stratum  at  times  assumes  the  appearance 
of  a  slimy  film,  at  others  of  a  frothy  scum. 

Moreover,  the  variable  aflinity  of  different  genera  for  hght  mU.  cause  a  film 
at  one  part  of  a  pond  to  differ  in  its  composition  from  that  at  another,  when 
the  degree  of  exposure  of  the  two  is  different.  Purther,  there  may  be  a 
transition  of  colour,  by  the  changing  phase  and  attendant  change  of  hue  of 
these  organisms,  or  by  the  effects  of  the  sun's  heat  and  light  at  noonday, 
and  of  the  darkness  of  night.  Hence  a  pond  which  may  be  coloured  green  in 
the  warmth  of  the  day,  when  the  sun's  influence  brings  the  Phytozoa  to  the 
surface  and  causes  their  rapid  development,  may  in  the  morning  and  evening 
become  quite  clear,  owing  to  their  settlement  at  the  bottom. 

Of  the  modes  of  obtaining  the  Phytozoa  for  examination  there  is  nothing 
special  to  record,  except  it  be  a  plan  mentioned  by  Cohn  in  his  account  of 
Stefhanosphcera  {A.  N.  H.  1852,  x.  p.  405)  :— "At  their  stations,"  writes  this 
observer,  "  the  /S^epZianosj^/icera-spheres  occur  mingled  with  Ohlamydococms, 
but  by  no  means  in  the  abundance  requisite  for  the  investigation  ;  and  although 
green  clouds  do  collect  at  certain  points  in  the  water  whoUy  composed  of  our 
Volvocinece,  it  is  difficult  to  extract  sufficient  of  them  for  examination,  since 
they  immediately  start  apart  when  touched.  I  succeeded  in  overcoming  this 
inconvenience  by  a  simple  moans,  so  as  to  biing  thousands  of  these  elegant 
organisms  on  to  the  object-holder  at  any  moment.  I  took,  namely,  a  flat 
bottle  with  a  short  narrow  neck,  and  nearly  filled  it  with  the  water  contain- 
ing Steplianosjphcerce,  stopped  it  with  a  cork,  and  then  laid  it  horizontally,  so 
that  the  cork  partly  dipped  in  the  water.  In  a  few  hours  almost  all  the 
StephanosphcercB  in  the  water  collected  on  the  cork,  which  was  covered  with 
a  green  coat,  composed  exclusively  of  the  revolving  spheres,  while  the  rest  of 
the  water  in  the  bottle  contained  only  CJdamydococciis,  and  scarcely  any 
Stephanosphcera ;  so  that  when  I  wished  to  examine  them  I  had  only  to  take 
out  the  cork,  and  a  drop  of  the  water  adhering  to  it  fui-nished  me  with  all  the 
stages  of  development  of  our  organism  simultaneously  in  very  large  numbers. 
After  a  short  time  the  Steplianosplimrce  had  again  assembled  on  the  cork." 

For  a  more  satisfactory  elucidation  of  the  Phytozoa,  of  their  structure  and 
physiological  action,  it  is  necessary  to  enter  into  more  detail ;  and  since  there 
is  so  much  structural  diversity  among  the  several  groups  or  tribes,  this  more 
lengthened  accoimt  must  be  given  of  each  tribe  separately.    And  first — 


FAMILY  I.— OF  THE  MONADINA. 

(Plate  XYIII.  1-28.) 

In  the  systematic  portion  of  his  great  work,  in  1838,  Ehi-eriberg  instituted 
the  following  genera  of  Monadina,  viz.  Monas,  Uvella,  Polytoma,  Microglena, 
Phacelomonas,  Olenomorum,  Doxococcus,  Chilomona^,  and  Bodo.  Subsequent 
researches  led  liim  to  add  the  genus  Gldomster,  and  to  remove  Polytoma  m 
order  to  unite  it  with  a  newly  discovered  genus,  named  by  lum  Spondyhmorum, 
in  a  distinct  family,  the  Ilydromorina.  This  family,  hoxvevcr,  deserves  no 
special  consideration,  but  will  fall  ^^dthin  the  compass  of  om-  general  remarks 
on  the  Monadina,  as  will  also  the  genus  Anthophysa  m  accordance  with  the 
results  of  Cohn's  i-esearehes.  (See  Part  XL,  Systematic  History  of  Monadina.) 
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Very  little  observation  and  reflection  will  soon  convince  the  student  that 
the  members  of  this  group  of  beings  can  be  distingaiished  by  no  such  constant 
definite  characters  as  suffice  to  establish  genera  and  species  with  any  pre- 
cision ;  their  histoiy  is  too  imperfectly  known,  and  their  individuality  is  un- 
proved. If  they  make  theii-  appearance  in  a  fluid,  it  is  only  transitory ;  for 
they  ai-e  soon  reijlaced  by  a  different  series  of  existences,  and  direct  observa- 
tion has  shown  many  of  them  to  be  no  other  than  transitional  phases  of  life 
of  other  organisms.  Thus,  Dujardiu  advances  as  an  apology  for  his  attempted 
classification  of  Monadina,  that  the  generic  distinctions  he  has  essayed  to 
make  "  are  entirel}^  artificial,  and  simply  intended  to  facilitate  the  naming  of 
Infusoria  which  may  have  been  met  with  in  any  particular  infusion,  but 
which,  when  better  known,  may  prove  in  some  instances  mere  varieties  of  one 
and  the  same  species  "  {Hist.  Infus.  p.  273).  Siebold  entirely  rejects  this 
family  of  Monadina  from  the  Infusoria,  believing  them  only  embryonic  forms, 
and  chiefly  zoospores  of  Confervae,  &c.  (Anat.  d.  wirbeUos.  Thieve,  1848, 
p.  8).  In  so  doing  he  has  had  many  approvers, — among  them  the  eminent 
natui-alist  M.  Agassiz,  who  thus  writes : — "  Eecent  investigations  upon  the 
so-called  Anentera  have  satisfactorily  shown,  in  iny  opinion  and  in  that  of 
most  competent  observers,  that  this  type  of  Ehi-enberg's  Polygastrica,  without 
gastric  cavities  and  without  alimentary  tube,  are  really  plants  belonging  to 
the  order  of  Algae  in  the  widest  extension  of  this  group,  while  most  of  the 
Monas  tribe  are  merely  moveable  germs  of  various  kinds  of  other  Algse  " 
{A.  N.  H.  1850,  vi.  p.  156).  Nevertheless  the  character  of  this  treatise  renders 
it  necessary  for  us  to  present  Ehrenberg's  views  of  organization.  According  to 
these,  "  the  Monadina  are  Uloricated,  with  a  homogeneous  body,  and  no  external 
appendag-es  except  cUia,  having  many  separate  gastric  sacs  or  vesicles,  but 
no  alimentaiy  canal  connecting  them,  and  a  bisexual  or  hermaphi'odite  pro- 
pagative  system.  They  multiply  by  simple  and  complete  self-division  of  the 
body  into  two,  four,  or  more  individuals.  The  uniformity  or  unvarying 
external  fonn  may  be  considered  one  of  the  principal  characteristics  of  the 
family ;  for  no  one  of  the  Monadina  can  voluntaiily  alter  the  shape  of  its 
body,  nor  can  it  extend  any  portion  of  it  and  then  contract  it  again.  Pro- 
pagation by  ova  is  assumed  of  all  the  Monadina,  and  by  living  young,  or 
viviparous  reproduction,  in  Monas  vivipara.  Some  of  them  have  an  eye- 
speck,  but  no  vascular  or  respiratory  system  is  discernible." 
_  Although  the  general  characters  of  the  Monads  are  rightly  deHneated  in 
this  account,  yet  the  pecuhar  hypothesis  impUed  wiU  not  at  the  present  day 
fcnd  supporters.  Dujardiu  denied  the  presence  of  an  enveloping  skin  or 
mtegiiment ;  and  if  a  separable  distinct  tunic  is  intended,  that  naturahst  is  in 
the  right ;  yet  it  would  be  an  error  to  ignore  the  existence  of  a  layer  of 
different  consistence  to  the  contained  matter,  i.  e.  of  a  peUicle.  Besides  such 
a  peUicle,  some  Monads,  at  least,  have  the  power  of  secreting  around  them- 
selves a  second  external  envelope  or  cvst 


in  his  distribution  of  these  minute  mieroscopicai  forms. 

JjJ^Q    ■%-r\-rrr\  1.  J   f      f>  I.  


tidSTmUn  h     «^7fPtible  of  adhesion  to  one  another  or  to  foreign  par- 
ever«o  ft  n«  f  ''P'^^'  °^  stretcliing  themselves  out  so  ns  to  alter  thdr  fiiTn, 
7^^^\Z  fuZ   ,       ""'^      expansion  which  may  at  times  be  mistaken  for 
Tv,  Monachna,  he  adds,  can,  while  freely  swimming 

about,  change  their  form,  and  by  so  doing  approach  the  character  of  Am<eb^. 
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This  power  of  the  Monadina  to  become  polymoi-phic  is  likewise  alluded  to  by 
Mr.  Carter  {A.  N.  H.  1856,  vol.  xviii.  p.  122). 

According  to  modern  phraseology,  we  might  describe  these  beings  as  com- 
posed of  protoplasm  enveloped  by  a  pellicle,  and  as  having  an  extension  of  the 
protoplasmic  mass  developed  in  the  form  of  a  flagelliform  filament,  to  serve 
as  a  locomotive  organ.  The  presumed  gastric  colls  are  the  vacuoles  in  the 
protoplasm  hollowed  out  spontaneously  withiu  it,  and  ever  changrag  in  posi- 
tion and  magnitude.  Dujardin  afBi-ms  that  they  at  times  form  near  the 
siuface,  open  externally,  and  on  again  closing  up  include  foreign  particles 
which  have  found  their  way  within  them,  and  that  they  thus  act  in_  some 
measure  as  instruments  of  nutrition  in  aid  of  the  general  process  earned  on 
by  endosmose  or  absorption.  _  ^ 

That  the  Monadina  had  a  mouth  communicating  with  the  '  gastnc  sacs, 
Ehrenberg  believed  to  be  demonstrated  by  the  introduction  of  particles  of 
colour  within  those  cavities  from  without.  •  '<  The  nutritive  _  apparatus,"  he 
tells  us,  "  may  be  readily  seen  in  some  species  in  their  ordinaiy  state  (for 
instance  in  Monas  guttula  and  M.  vivipara),  whHst  in  others  it  is  proved  by 
using  coloured  food  (for  example,  in  Monas  Termo  and  M.  socialis).  It  consists 
of  several  distinct  or  separate  cells  (from  8  to  20),  not  all  filled  at  the  same 
time  but  one  after  the  other.    These  are  always  invisible  when  empty,  but 
when  fiUed  with  hmpid  &md  appear  hke  so  many  lucid  vesicles."   Cohn  states 
that  he  can  confirm  the  accuracy  of  Ehrenberg's  obsei-vation  of  the  entrance 
of  colouidng  particles  into  some  Monads,  and  therefore  mcHnes  to  the  beliet 
that  such  examples  must  have  an  oral  apertm-e,  and  be  of  an  ammal  natui'e 
(Entw  p  162).    To  this  he  adds  that  many  of  the  Monads  of  Ehrenberg 
mav  reailybe  swarm-spores  of  microscopic  Eungi;  stiU  he  holds  it  to  be 
improbable  that  tnie  plant-cells  should  take  up  within  them  indigo-particles. 
So  at  p  148,  when  remarking  on  the  precise  similarity  m  all  visible  teatui-es 
of 'the  swarm-spores  of  Achlya  prolifera  with  Trichodina  grandmella  and 
Bodo  saltans,  he  says  Ehrenberg's  Bodo  eats  indigo-pai-ticles,  which  is  not 
the  case  with  the  form  in  question.  . 

What  weight  should  be  attached  to  these  observations  of  the  reception  ot 
molecules  of  colour  within  Monadina,  as  proving  a  mouth  and  stomach-ceils, 
must  be  decided  by  further  experiments.  Sometimes,  possibly  enough,  when 
the  minuteness  of  the  objects  concerned  is  remembered,  the  coloui'-grains 
have  not  actuaUy  been  within,  but  above  or  below  them,  on  the  si^ace  ;  and 
again,  other  experimenters  damage  the  force  of  the  argument  by  afiirmmg  that 
they  have  succeeded  in  getting  coloui'  taken  up  by  Diatomese,  and  by  undoubted 
vegetable-ceUs.    This  statement  has  been  made,  among  others,  by  ^^lui. 

After  the  consideration  given  in  a  previous  page  to  the  nature  ot  tne 
supposed  eye-specks,  further  reference  to  them  here  is  uncalled  tor. 

ConceiTihig  the  modes  of  multiphcation,  the  great  Berlin  micrographer  is 
correct  in  his  account  of  the  process  of  fission  ;  yet  few  will  join  ^ith  lum  m 
describing  ova  and  viviparous  reproduction  among  Monadina,  or  m  imagimn 
S£ct  male  and  female  generative  organs-in  other  words,  an  l^einnaphroch te 
rmoncecious)  structure.  Certainly  the  phenomenon  Weisse  witaessed  m 
morogonJm  eucMorum,  of  the  development  and  ^^^'J''f^^''t^f'-^^l 
host  of  young  germs,  might  be  termed  viviparous  reproduction  ;  but  it  is  no 
other  thin  the  usual  plan  of  development  of  microgomdia  among  A  gffi.  In 
Jjct  nrone  has  witnessed  the  development  and  extnision  of .  germina  ova, 
nUborh  the  breaking  up  of  the  substance  of  Monadina  into  minute  particles, 
t  tS  protss  of^^^^^  or  by  often-repeated  fission,  and  the  i^production 
oYgtiL  may  be  constantly  noleed.  Fertj  so  far  co-tenances  Kirenbei^  s 
views  as  to  affirm  the  development  of  Monas  vnnpara  and  of  M.  Lem  by 
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germs  Vhicli,  whilst  still  within  the  parent-ceU,  exhibit  au  oscillating  move- 
ment. He  would  even  extend  the  phenomenon  to  aU  Monads  ;  yet  we  regard 
it  as  no  other  than  that  of  gonidial  development.  Another  circumstance 
this  same  writer  points  out  is,  that  in  Monas  Lens  and  allied  forms,  the 
anterior  individual  produced  by  transverse  self-division  is  3  to  4  times 
smaller  than  the  posterior,  and  that  in  Tetramitus  rostratus,  where  longi- 
tudinal fission  prevails,  the  right  segment  is  much  less  than  the  left.  It  is 
this  unequal  segmentation  of  Monads  which  induced  Dujardin  to  represent 
their  multiplication  to  occur  by  the  detachment  of  a  lobe  or  of  an  expansion, 
and  not  by  actual  self-division :  but  in  oui*  opinion  such  a  distinction  is  too 
refined  ;  for  the  tenn  self- division  has  a  meaning  wide  enough  to  embrace  the 
phenomenon  of  fission  whether  by  equal  or  unequal  segments ;  indeed  the 
latter  variety  is  sufficiently  common  where  no  difficulty  is  felt  in  reckoning 
it  a  mode  of  self-fission. 

In  farther  elucidation  of  this  act  of  segmentation  in  Monadina,  we  may  add 
the  following  remarks  from  Schneider  (A.  N.  H.  1854,  xiv.  p.  327-328). 
Speaking  of  Chilomonas  Paramecium,  this  author  writes — "Whatever  number 
of  these  animals  may  be  observed,  no  trace  of  division  will  ever  be  remarked 
in  them.  Very  rarely  we  may  see  two  individuals  adhering  by  their  middle, 
evidently  produced  by  a  longitudinal  division.  "We  shall  endeavour  to  ex- 
plain this.  On  close  examination,  one  or  two  reddish  lines  may  be  seen 
running  backwards  from  the  bottom  of  the  indentation,  which  might  readily 
be  taken  for  organs  lying  in  the  interior  of  the  body.  I  have  convinced 
myself,  however,  especially  by  the  comparison  of  the  process  of  division  in  a 
'  species  of  Bodo,  that  these  lines  indicate  furrows,  which  gradually  divide  the 
whole  by  cutting  deeper  and  deeper  on  each  side.  As  during  this  process 
the  animal  undergoes  no  change  of  form,  except  ia  becoming  a  little  broader, 
and  the  division  takes  place  along  its  whole  length,  the  process  must  readily 
escape  observation.  The  anterior  end  is  always  a  little  thicker  ;  the  fuiTows 
consequently  are  deeper  and  more  distinctly  recognizable  in  that  part.  "With 
a  suitable  arrangement  of  the  microscope,  it  is  evident  that,  the  two  faiTows 
beiag  looked  at  simultaneously,  two  reddish  lines  are  seen.  It  is  only  in 
rare  cases,  when  the  division  has  taken  place  more  slowly  in  some  pai-ticular 
spot,  that  the  two  specimens  must  endeavour  to  tear  themselves  free,  and 
thus,  by  twistiag  ia  contrary  directions,  draw  our  attention  to  them.  That  the 
process  of  division  is  effected  in  a  siaiilar  manner  in  other  Monadina,  appears 

from  an  observation  of  Ehi-enberg's  upon  Onjptomonas  cylindrica  (p.  42)  :  '  I 

saw  no  instance  of  constriction  or  fissation ;  but  two  individuals  were  swimming 
whilst  adhering  together,  which  might  lead  one  to  suppose  that  a  longitudinal 
division  from  behind  forwards  had  taken  place.'  And  it  is  not  improbable 
that  the  specimen  represented  by  him  on  tab.  n.  fig.  xix.  2,  with  two  seminal 
glands  (nuclei?)  and  two  longitudinal  lines,  was  in  the  act  of  division." 

That  Monads  are  only  the  first  and  simplest  stage  of  existence  of  numerous 
ammal  and  vegetable  organisms,  is  an  undoubted  fact ;  but,  if  wo  may  credit 
some  observers,  their  transformations  are,  in  certain  cases,  veiy  extraordi- 
nary. Thus,  Stem  represents  the  nucleus  of  encysted  Vorticella:  to  break 
up  mto  Monads  (the  Monas  colpoda  or  M.  scintHlam),  which  by  various  in- 
tei-mediate  stages  become  reconverted  into  Vorticellau  So,  again,  Hartig 
{J.  M.  S.  1855,  p.  52)  and  Carter  (A.  N.  H.  1856,  xviii.  p.  122)  ^present 
the  conversion  of  Monads  into  Ammhoi,  the  former  by  a  coalescence  of  a  group, 
the  latter  by  the  simple  assumption  by  individual  Monads,  on  losing  their 
cilia,  of  polymorphism.  Lastiy,  the  resemblance  of  the  zoospores  of  Acldya 
to  Bodo  saltans  has  already  been  mentioned  to  be  complete  in  every  respect, 
save  in  the  non-imbibition  of  colouiing  particles. 
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Few  details,  excepting  those  comprehended  in  attempted  generic  and  specific 
characters,  have  been  pubHshed  by  obsei-vers  on  the  genera  of  Monachna  m 
general.  Uvella,  Anthopliysa,  and  Polytoma  have,  however,  received  more 
attention  than  the  rest ;  and  the  results  arrived  at  we  wiU  here  abstract. 

Uvella  is,  in  the  system  of  Ehrenberg,  characterized  by  the  aggregation  ot 
numerous  Monads  (XVIII.  3),  severaUy  undistinguishable  from  simple  isolated 
species  (XVIII.  4),  into  spherical  or  mulberry-like  masses,  freely  moveable  m 
the  suiTOunding  Hquid.   The  individuals,  like  those  of  the  genus  Monas  have 
a  locomotive  organ,  consisting  perhaps  of  two  cilia,  situated  close  to  the 
mouth  at  the  anterior  extremity,  but  neither  taH  nor  eye-speck.    Ihey  pro- 
oress  in  the  direction  of  the  longer  axis  of  the  body,  and  are  capable  of  com- 
plete self-division.    In  the  best-examined  species,  U.  glaucoma,  Ehrenberg 
represented  large  internal  vesicles,  a  double  filiform  proboscis,  and  a  great 
mimber  of  small  colourless  granules,  conceived  to  be  ova,  lymg  between  the 
nutritive  sacs.    He  supposed  it  to  propagate  both  by  transverse  and  longitu- 
dinal self-fission,  and  stated  that,  on  feeding  it  with  indigo,  as  many  as  twelve 
stomachs  were  fiUed,  and  that  sometimes  Httle  blue  parUcles  hke  undigest^^^ 
matter  might  be  seen  voided  from  its  mouth,  and,  lastly,  that  he  had  dis- 
cerned several  gi^een  Monads  within  its  body,  which  it  had  eaten,  and  which 
proved  it  to  subsist  on  prey  directly  transmitted  into  its  mtenor.  Individual 
Monads,  he  added,  can  detach  themselves  from  the  mass,kve  apart  for  a  time, 
and  again  become  members  of  the  colony.  -,    .  -,  •  x     „  „f  „ 

Thfs  account  was  rejected  by  Dujardin,  who  denied  the  existence  of  a 
mouth,  of  gastric  ceHs,  and  of  ova,  and  doubted  the  occurrence  of  ^ue  seK- 
Mon.  He  likewise  never  witnessed  the  re-attachment  mto  masses  of  the 
Monadiform  individuals  after  being  once  separated  but  beheved  that  the  le- 
union  of  certain  Monads,  occasionally  observed  in  mfasions  iich  m  these  beings, 
is  a  fortuitous  result  of  the  glutinous  nature  of  their  surface  _ 

These  strictui-es  of  Dujai'din  are,  without  doubt,  m  general  jery  just  The 
supposed  mouth  is  the  clear  space  seen  at  the  anterior  extremity  of  most 
2dllrorganisms,  whilst  the  supposed  stomach-sacs  are  no  other  than 
Srophyll-^esicleso;,  otherwise,  vacuoles.  The  green  Monad-hke  ceUs  seen 
C  the  Berlin  micrographer  were  probably  starch-  or  cHorophyU-cells,  or,  it 
may  be,  gonidia;  and  it  was  a  mere  assumption  to  represent  them  as  swal- 

XUoht^C^hn,  and  Mr.  Busk  make  Uvella,  or  at  least  an  oi^^sm  Hke 
it  iiXssential  external  featui-es,  a  phase  of  existence  of  vegetable  sti-uc- 
ti^s -the  first-named  of  Osoillatoria  {J.  M.  S.  1854,  p  190),  the  second  of 
Tr  LcZt^e  last  of  Volvo..  .  Itzigsohn 

Oscillatoria  as  breaking  up  into  microgomdia  which  ''^^'^J^'^^^ll^^^^^^ 
t,1p^  rpsemblino-  according  to  the  presence  or  absence  of  colouied  contents, 
SC:o"ttl>.;W,^i^ocZo,&c.'  Cohn'sviews  -'VlftT'^e'C^^^^^^^ 
in  oui'  remarks  on  Frotococa^  (see  p.  124)  and  need  not  be  ^^^^^'^"^^^ 
Ensk  represents  the  ciliated  zoospores  of  Volvox  (T.  M.  ^.  i.  p.  JJ)  as  suo 
»i  Sto  minute  cihated  cells  (i-  e.  microgonicha)  which  "  foi-m  by  their 
^^WiTa  discoid  body,  in  wliich  the  sepaa-ate  ftisiform  ceUs  are  connected 
S'eX  at  one  end,  and  at  the  other  are  free,  and  furmshed  each  ^^.til  a 
s?SSe  cmum.    In  tlis  stage  these  compound  masses  become  free  and  swim 
about  Slhe  water,  constituting  in  fact  a  species  of  the  genus  ^^''f-^  o 
o       ^/7nf  Ehrenber-  "    If  these  representations  be  correct,  Uvella  is  but 
S^o   ex^sSe  of^F^  and  of  OscUla^oria,  and  probably  of  other 

a  phase  ot  ex^sten  ^^^^^.^  then  the  alternative  remams,  of  supposmg 
£h  a  vegeSJ^lnd 'an  aninid  organism  partaking  like  chai^ctei.  aud 
qualities. 
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The  genus  Anthophysa  (XXVI.  2)  has  been  more  particularly  studied  by 
Dujardin  and  Cohn.  Ehrenberg  provisionally  placed  it  among  the  Vorticel- 
lina  as  a  doubtful  species  of  Epistijlis,  as  he  was  unable  to  determine  whether 
it  possessed  a  wreath  of  cilia  at  its  head  or  only  a  single  filament :  if  the 
latter,  he  remarked,  it  would  belong  to  the  Monads.  Miiller,  its  discoverer, 
had  radeed  more  rightly  seized  on  its  true  position  by  associating  it  "vvith 
Volvox.  Dujardia  subsequently  made  out  its  aiSuity  with  Uvella,  and  adopted 
M.  Bory  de  St.  Vincent's  generic  appellation  for  it.  In  this  determination  of 
its  position  Dujardin  has  the  weighty  support  of  Cohn,  who  has  recently  sub- 
mitted it  to  cai-eful  examination.  Dujai'din's  description  is  very  accurate,  and 
will  serve  our  purpose.  "  It  is  very  difficult,"  he  wiites,  "  to  distinguish  a 
Uvella  from  a  free  Anthophysa ;  but  no  difficiilty  will  exist  if  some  of  the 
branching  supports  of  the  latter  are  seen  in  the  surrounding  fluid.  These 
supports  have  an  ai'borescent  figure  UTegularly  branched,  are  brovniish  at  the 
base,  but  clearer  and  even  diaphanous  at  the  extremities  of  the  branches, 
which  are  themselves  nodular  or  rugged ;  they  are  secreted  by  the  animals, 
and  are  found  affixed  to  the  sides  of  the  vessel  in  which  water  containing 
these  Infusoria  has  been  but  recently  placed.  Each  group  of  animalcules  is 
at  first  fixed  on  the  diaphanous  extremity  of  the  branch  which  it  has  secreted 
(XXVI.  2) ;  but  any  agitation  of  the  hquid,  or  sudden  shock,  easily  detaches 
it,  and  it  then  moves  in  a  revolving  maimer  in  the  liquid.  This  movement  is 
the  result  of  the  simultaneous  action  of  the  flagelliform  filaments  with  which 
each  individual  of  the  colony  is  provided.  When,  moreover,  a  group  has  been 
detached,  whether  accidentally  or  spontaneously,  isolated  individuals  may  be 
seen  moving  about  precisely  like  Monads  with  a  single  filament.  The  branch- 
ing support  is  at  first  soft  and  giutinoiis,  but  gradually  acquires  consistency 
and  a  brownish  and  homy  aspect,  when  it  seems  no  longer  to  participate  in 
the  life  of  the  animalcules,  and  recalls  to  the  mind  the  construction  of  the 
fibrous  skeleton  of  certain  sponges.  It  is  conceivable  either  that  the  branches 
themselves  bifurcate,  or  that  the  division  is  the  consequence  of  the  multipli- 
cation by  fission  of  the  gxoups  of  animalcules." 

Cohn  has  httle  to  add  to  this  account.  He  describes  the  probably  chitinoiis 
stem  to  be  invested  externally  by  a  brownish  mucilaginous  layer ;  and  also 
finds  that  from  2  to  8  and  from  that  to  20  Monads  may  be  aggregated  at  the 
extremity  of  the  branches.  Frequently  a  branch  is  bare  at  its  point,  having 
lost  its  animal  colony ;  and  it  would  seem  that  the  whole  of  the  groups  are 
in  succession  thrown  off  and  dispersed  as  free  Monads  and  as  Uvella-hke 
•groups.  Cohn,  indeed,  intimates  his  belief  that  Uvella  and  Anthophysa  ai-e 
not  actually  distinct  genera,  but  mere  representatives  of  two  conditions  of 
the  same  animalcule.  Unhke  Ehrenberg,  he  failed  to  get  indigo-particles  taken 
up  by  the  UveUa-Hke  beings. 

Before  arriving  at  the  conclusion  that  Anthophysa  is  no  other  than  Uvella 
Uva  seated  on  a  branching  stem,  and  of  animal  natui-e,  he  canvasses  the 
question  if  this  organism  be  not  rather  the  mycelium  of  a  Fungus  beariii"-  its 
spores  at  the  extremities  of  its  branches,  and  decides  against  the  supposition 
chiefly  from  the  u-regular  and  indefinite  multipUcation  of  the  monachform 
members  of  the  groups,  from  the  detachment  of  these  en  masse  instead  of  by 
separate  spores,  and  from  the  want  of  evidence  to  show  that,  when  these 
U  vcUa-hke  groups  are  detached,  they  assume  the  quiescent  or  <  stiU '  condition, 
and  germinate  into  an  arborescent  myceUum  like  the  parent,  to  develope  in  its 
turn  tenmnal  masses  of  spores. 

The  branching  stem  has  been  described  by  Kiitzing  and  others  as  a  micro- 
scopical Fungus  (Conferva),  under  the  name  of  Stereonema,  and  several  species 
instituted ;  but  Cohn  pomts  out  its  analogy  with,  the  pedicle  of  Oomphonema. 
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and  other  Diatomese,  in  which  both  the  branched  stem  and  the  beings  it 
supports  are  alike  part  and  parcel  of  the  same  organic  structure.  He  has 
met  with  fibres  supporting  but  one  or  two  UveUa-bimdles,  and  others  like 
little  trees  bearing  ten  such.  The  consistence  of  the  stem  is  such  that  it 
resists  the  action  both  of  sulphuric  acid  and  of  solution  of  potash. 

One  other  genus  of  Monadina,  viz.  Polytoma  (XVIII.  5),  has  received  special 
attention  from  Schneider,  Cohn,  and  Perty  ;  it  nevertheless  stiU  remains  in 
that  neutral  ground  claimed  both  by  zoologists  and  botanists.  Ehrenberg  at 
first  placed  it  in  the  fanuly  Monadina ;  but  having  subsequently  met  with  a 
similar  form,  Spondylomomm,  he  instituted  a  new  family,  Hydromorina,  to 
include  the  two  genera,  and  set  forth  as  its  chief  differential  characters  the 
aggregate  or  compoimd  nature  of  its  members,  dependent  on  imperfect  fission. 
He  asserted  also  that  individuals  set  free  from  the  groups  enter  on  the  same 
cycle  of  fission  and  compound  development,  and  form  sinulai-  groups.  Poly- 
toma was  described  to  be  destitute  of  an  eye-speck,  to  have  a  truncated 
mouth  and  a  delicate  double  flagelliform  proboscis,  and,  from  repeated  incom- 
plete self-division,  to  form  a  mulberry-like  mass,  which  eventually  breaks  up 
into  isolated  Monads.  "  The  ova,"  he  adds,  "  from  their  miauteness  and  the 
want  of  transparency,  have  hitherto  eluded  obsei-vation  (XYIII.  5)  :  but  the 
ahmentary  organization  is,  on  the  contraiy,  clearly  demonstrable ;  for  al- 
though for  a  long  time  the  entrance  of  coloured  food  could  not  be  displayed, 
yet  at  length,  by  using  a  magnifyuig  power  of  600  to  800  diameters,  the 
entrance  of  indigo-particles  into  their  bodies  was  rendered  evident."  In 
addition  to  these  structiires,  he  mentions  a  large  contractile  vesicle  as  a  male 
sexual  organ,  and  a  white  spot  at  the  anterior  part  of  the  body  as  a  seminal 
gland.  In  aU  essential  particulars  the  associated  genus  Sjjondylomorum  was 
stated  to  agree  with  it,  except  m  having  a  dorsal  eye-speck. 

Dujardin  confesses  his  inabihty  to  distinguish  by  any  definite  characters 
between  Uvella  and  Polytoma ;  he  would  seem,  however,  not  to  have  per- 
sonally investigated  the  latter.    Cohn,  after  examining  both,  declares  them 
to  be  identical  in  aU  particulars  except  that  in  Polytoma  chlorophyU  is  absent, 
and  that  it  inhabits  decomposiag  fluids  along  with  CUamydomonas  pulviscu- 
lus    However,  it  is  to  Schneider  that  we  are  indebted  for  the  most  complete 
Hstory  of  this  organism  (Inaugural  Dissertation,  "  SymholcB  ad  Infusorium 
Ustoriam  naturalem,"  Berlin,  1853,  translated  in  A.  N.  H.  1854,  xiv  p  321). 
We  extract  the  foUowing  copious  details  from  the  translation:—"  Polytoma 
Uvella  is  of  an  oval  fonn  ;  it  is  from  ^ih.  to  J^th  of  an  inch  long,  and  about 
half  that  width.    At  one  end,  which,  with  Ehrenberg,  we  will  call  the 
terior  extremity,  it  bears  two  filaments  as  long  or  longer  than  the  body. 
When  the  living  animal  is  examined  under  a  magnifying  power  of  300  dia- 
meters, the  body  appears  to  be  bounded  by  a  simple  outhne     But  m  many 
instances,  and  cspeciaUy  when  a  large  specimen  can  be  found  at  rest  it  may 
be  seen  that  the  internal  substance  of  the  body  is  suiTOunded  by  a  thin  and 
Bcrfectly  clear  membrane,  from  which  it  is  separated  by  a  distinct  space. 
When  the  investing  membrane  is  more  closely  attached,  its  existence  may 
always  be  demonstrated  by  the  employment  of  reagents  to  produce  the  con- 
traction of  the  substance  of  the  body  :  chromic  acid  and  solution  of  iodine  m 
chloride  of  zinc  are  the  best  substances  to  employ,  the  latter  especially,  as  it 
at  the  same  time  communicates  a  bro^vni  colour  to  the  internal  sac  (PI.  XX. 
fil  2^     Under  certain  circumstances,  the  investing  membrane  divides  mto 
minute  granules,  assuming  when  viewed  from  the  side  a  regulai-  necklace- 
rT;r.i^T.Srance  fig  8).    A  reproduction  of  the  membrane  then  takes  place. 
The  S  ta^e  0  tge  body  is  perfectly  clear,  with  the  same  refractive  proper- 
ries  as  that  of  yl,„c.6«.    About  the  middle  lies  a  clear  globular  nucleus,  sur- 


OP  THE  PHYTOZOA. 


137 


roimded  by  a  narrow  reddish  halo  (figs.  1,  2,  3,  8).  DUute  acids  render 
this  more  distinct.  At  the  anterior  extremity,  close  to  the  margin,  there  are 
two  reddish  vesicles,  the  contractions  of  which  may  easily  be  recognized  in 
individuals  in  a  state  of  repose.  The  hinder  extremity  always  contains  a  mass 
of  granules  Avith  dark  outlines,  which  ai-e  not  altered  by  acetic  acid.  A  weak 
solution  of  iodine  in  iodide  of  potassium  gives  them  a  deep  blue  colour,  gene- 
rally verging  upon  black,  as  it  is  difficult  to  hit  the  right  quantity  of  the  reagent 
to  be  added.  The  fine  blue  coloui-  is  better  attained  by  the  addition  of  dilute 
solution  of  iodine  in  chloride  of  ziac,  as  with  this  the  granules  become  shghtly 
liquefied,  and  when  left  standing  for  some  time  even  form  a  blue  paste.  Muriatic 
and  sulphuiic  acids  also  dissolve  them,  so  that  the  subsequent  addition  of  iodine 
gives  the  whole  body  a  blue  coloiu-.  When  the  putrefaction  of  the  infusion 
is  going  on  very  rapidly,  the  granules  fill  the  entire  body.  They  are  not 
arranged  in  balls  like  the  nutritive  matter  in  the  bodies  of  other  Infusoria ; 
and  it  is  by  no  means  probable  that  they  are  taken  ia  from  the  exterior. 
Besides  the  two  contractile  vesicles,  single,  non-contractile,  reddish  vacuoles 
are  seen  scattered  through  the  substance  of  the  body. 

"  The  starch-Kke  granides  are  often  converted  into  an  indigo-blue  pig- 
ment, which  is  then  partially  dissolved,  and  colours  the  whole  parenchyma. 
Such  specimens  as  these  stiU  retain  the  power  of  division,  so  that  there 
can  be  no  doubt  as  to  their  identity  with  Polytoma  Uvella.  Individuals 
were  also  frequently  met  with  of  which  the  substance  of  the  body  was  of 
a  uniform  green  colour,  but  which  in  other  respects  agreed  exactly  with 
Polytoma. 

"  Deviations  from  this  normal  form  never  occur  singly  in  the  same  vessel, 
but  always  make  their  appearance  simultaneously  ia  a  great  number  of  indi- 
viduals. Certain  peculiarities  of  their  abode  appear  therefore  to  have  an 
influence  upon  the  form.  Very  compressed  forms  are  rare.  However,  it  not 
unfrequently  happens  that,  wMlst  the  investing  membrane  retains  its  normal 
form,  the  substance  of  the  body  is  not  equally  distributed  in  its  interior. 
Sometimes  it  lies  to  one  side,  so  as  to  fill  only  half  the  interior  of  the  sac  ; 
sometimes  it  is  entirely  collected  in  the  anterior,  and  sometimes  in  the  pos- 
terior extremity ;  in  the  latter  case  it  is  connected  with  the  anterior  extre- 
mity by  a  slender  filament  (fig.  14).  In  infusions  in  which  fermentation  has 
long  ceased,  and  which  contain  a  large  quantity  of  brown  humus-like  matter 
but  veiy  small  portions  of  nitrogenous  substances  in  solution,  the  two  last 
modifications  of  the  parenchyma  are  most  frequently  met  with.  At  the  same 
time  the  starch-like  granules  disappear,  the  substance  of  the  body  acquires  a 
darker  fatty  outline,  and  finally  disappears  with  formation  of  the  well-known 
large  vacuoles. 

"  The  movements  of  Polytoma  are  the  same  as  those  usually  ascribed  to 
organisms  furnished  with  two  filaments.  Whilst  in  motion  the  filaments  are 
always  in  front,  the  animal  rotates  upon  its  axis,  and  this  again  describes 
circular  x-ibrations  upon  a  central  poiat.  If  a  movement  in  the  opposite 
direction  is  taking  place,  the  animal  is  endeavoming  to  turn  the  anterior 
extremity ;  and  until  this  is  eff"ected  it  swims  backwards.  When  a  drop  of  the 
infusion  has  been  left  for  a  few  minutes  upon  a  glass  plate  covered  over  with 
a  piece  of  thin  glass,  a  considerable  number  of  the  animals  will  be  found 
attached  to  both  glasses  by  their  anterior  extremity ;  the  filaments  are  free, 
and  it  IS  probably  by  their  vibration  that  the  hinder  extremity  is  made  to 
oscillate  in  the  chrection  of  the  plane  of  the  two  filaments.  They  collect  in 
the  same  manner  in  crowds  upon  aquatic  plants,  as  well  as  upon  tlic  sides  of 
the  vessel  containing  them.  Their  mode  of  attachment  is  still  unintelligible 
to  me.  In  any  case,  some  contrivance  for  this  purpose,  however  simple,  must 
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exist,  either  between  the  two  filaments,  or  at  the  side  of  their  points  of  issue 
from  the  membrane. 

"  During  the  swarming-state,  a  division  of  the  substance  of  the  body  goes  on 
uninterruptedly  at  all  hours  of  the  day.  The  different  stages  of  this  process 
follow  one  another  with  greater  or  less  rapidity  in  proportion  as  the  conditions 
of  nutrition  are  more  or  less  favourable.  Soon  after  the  commencement  of  fer- 
mentation in  an  iufusion,  the  rate  of  increase  attains  its  maximum  ;  it  then 
diminishes  as  the  fermentation  ceases,  the  offspring  at  the  same  time  imdergo- 
ing  a  diminution  of  size. 

"The  commencement  of  the  process  of  division  is  iudicated  by  the  uniform 
distribution  of  the  granular  substance.    A  constriction  of  the  substance  then 
takes  place,  usually  commenciug  on  one  side ;  by  this  the  body  is  divided 
iato  two  parts,  which  are  still  enclosed  in  the  iminjm-ed  investing  membrane. 
Simultaneously  with,  or  perhaps  before  the  completion  of  this  bisection,  the 
nucleus  also  divides  (fig.  3).    Although  no  constriction  of  the  nucleus  was 
ever  noticed,  nothing  certainly  was  observed  to  contradict  the  supposition 
that  the  second  nucleus  was  produced  in  this  manner.    The  two  halves  then 
become  constricted  from  their  sm-faces  of  contact,  iu  such  a  manner  that  the 
constriction  of  one  half  crosses  that  of  the  other  at  right  angles  (fig.  4).  To 
every  depression  thus  produced  on  the  one  side  there  is  a  corresponding  ele- 
vation of  the  other.   The  quadrisection  (figs.  9, 12)  then  takes  place  suddenly 
as  if  by  cutting,  and  without  any  appearance  of  a  circular  constriction,  each  por- 
tion containing  its  proper  nucleus.    The  divisions  now  acquire  an  oval  form, 
and  arrange  themselves  in  such  a  manner  that  the  ends  of  the  posterior  pa.ir, 
which  are  turned  towai'ds  the  middle,  alternate  with  those  of  the  anterior 
pair  in  the  same  place  (fig.  12).   In  very  favourable  cixcumstances  (as  for  in- 
stance at  the  commencement  of  fermentation),  a  third  division  into  eight 
parts  takes  place,  each  division  being  stiU  furnished  with  a  nucleus.    As  a 
general  rule,  however,  the  young  individuals  acquire  filaments  soon  after  the 
quadrisection,  and  move  about  in  various  directions  within  the  investing  mem- 
brane, until  this  bursts  and  the  young,  which  are  exactly  like  the  mother 
except  in  their  smaller  size,  are  set  free.    In  favourable  cii-cumstances  the 
empty  membrane  remains  with  the  two  filaments.    After  the  division  of  the 
substance  into  four  or  eight  parts,  the  investing  membrane  is  always  visible 
without  the  employment  of  any  reagents.    This  has  not  escaped  Ehrenberg 
(loc.  cit.  and  tab.  i.  xxxii.)  ;  he  explains  the  appearance  as  a  consequence  of  a 
superficial  constriction.    The  filaments  of  the  parent  always  appear  to  be  con- 
nected only  with  one  of  the  young  individuals,  although  this  is  less  distin- 
guishable in  the  present  mode  of  division  than  in  that  about  to  be  descnbed. 

"  In  this  the  quadrisection  takes  place  in  another  manner.  After  bisection, 
the  two  portions  shift  their  position  in  such  a  manner  that  the  surfaces  of 
contact  form  a  distinct  angle  with  their  original  position.  If  this  change  of 
position  be  but  trifling,  the  quadiisection  goes  forward  nearly  m  the  manner 
just  described,  and  the  an-angement  of  the  developed  young  only  differs  as  far- 
as  is  rendered  necessary  by  this  change  of  position  (figs.  9, 12).  But  if  it  be 
more  considerable,  the  new  surfaces  of  division  iim  parallel  to  each  other  and 
nearly  perpendicular  to  the  suifaces  of  contact  of  the  two  halves.  The  posi- 
tion of  the  young  individuals  is  then  completely  different  from  that  seen  m 
the  preceding  case ;  aU  fom-  he  pai-aUcl  to  each  other,  with  theii-  longitudinal 
axis  oblique  as  regai-ds  the  axis  of  the  whole  (fig.  10).  _ 

"  Tliis  difference  may  perhaps  be  explained  as  foUows :— Each  portion  has 
a  tendency  to  acquire  an  oval  form,  so  that  soon  after  the  bisection  the  ante- 
rior portion  extends  itself  postcrioriy,  and  the  posterior  towards  the  front. 
When  sufficient  time  has  not  elapsed  for  the  one  dimension  to  predominate  over 
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the  other,  the  quadiisection  takes  place  as  in  the  former  case ;  but  when,  on  the 
other  hand,  one  dimension  has  become  predominant,  the  division  into  four  takes 
place  in  accordance  with  the  same  law  as  the  original  division  into  two. 

"•The  method  of  division  fii'st  described  is  always  met  with  in  the  early- 
periods  of  an  infusion,  which  are  most  favourable  to  the  development  of  the 
creatures.  Towards  the  end  the  hitter  mode  alone  occm's.  This  phenomenon 
was  so  remai-kable  that,  on  the  first  occasion  of  my  examining  an  infusion 
towards  the  close  of  its  action,  I  imagined  that  I  had  at  first  misunderstood 
the  mode  of  division. 

"  Under  certain  circiimstances  the  individuals  pass  to  a  state  of  rest.  They 
are  then  completely  filled  with  the  starch-Hke  granules,  so  that  the  nucleus 
only  appears  as  a  reddish  spot.  The  substance  of  the  body  becomes  spherical, 
and  invests  itself  with  a  membrane  which  is  frequently  of  considerable  thick- 
ness (fig.  7).  In  this  state  I  have  never  obseiwed  them  to  undergo  any  divi- 
sion or  any  other  change ;  and  when  dried  the  cysts  still  retain  their  contents. 
When  clear  water  is  poured  over  them  they  do  not  retm-n  to  Hfe,  but  would 
probably  do  so  in  a  fermenting  infusion. 

"  The  mode  in  which  the  swarming  individuals  arrive  at  this  state  of  rejDose 
appears  to  be  as  follows : — The  filaments  are  gradually  shortened,  their  sub- 
stance collecting  at  the  free  extremity  in  the  form  of  a  small  Imob,  untU  at 
last  the  filiform  portion  entirely  disappears,  and,  in  place  of  the  filaments,  two 
vesicles  are  seen  at  the  anterior  extremity  of  the  investing  membrane.  I 
have  obsei-ved  a  similar  contractibibty  of  the  substance  of  the  filaments  in  a 
Bodo  which  is  most  nearly  allied  to  Bodo  grandis,  Ehrbg.  As  this  possesses  not 
three  filaments  only,  as  seen  by  Focke  {Ehr.  p.  34),  but  often  as  many  as  five, 
the  vesicles  produced  in  this  manner  cannot  easily  be  overlooked.  I  cannot, 
however,  state  with  certainty  whether  aU  the  inchviduals  which  -undergo  this 
change  invest  themselves  -with  cysts.  "When  infusions  containing  Polytoma 
are  dried  slowly,  individuals  with  the  vesicles  just  described  are  found  in  the 
deposit,  but  no  cysts ;  and  it  is  not  impossible  that  such  indi-viduals  may  assist 
in  the  continuation  of  the  species  in  some  other  way." 

After  some  valuable  notes  on  other  Infusoria,  Schneider"  concludes  his 
history  of  Polytoma  by  the  foUo-wing  arguments  for  its  animal  natui'e : — 

"  That  Polytoma  is  an  animal  may  be  maintained  upon  two  grounds. 

"  1.  The  constitution  of  the  investing  membrane. — As  soon  as  the  starch-lDce 
granules  have  been  destroyed  by  the  long  action  of  concentrated  sulphmic 
acid,  no  part  of  the  creatiu'e  is  colonred  blue  by  iodine.  Now  we  have  no 
more  reason  for  believing  that  the  vegetable  ceU-membrane  must  necessaiily 
consist  of  cellulose,  than  that  the  animal  cell-membrane  should  not  consist 
of  that  substance,  so  that  we  are  still  compelled  to  seek  for  other  characters 
for  their  distiaction.    These  would  be — 

_  "  2.  The  contractile  spaces.— A  statement  of  Cohn  has  certainly  rendered 
it  doubtful  whether  the  occurrence  of  these  is  hencefoi-ward  to  be  regarded  as 
an  essential  mdication  of  an  animal  natiire.  He  says,  '  On  the  other  liand 
certain  genera  of  Algae  exhibit  a  stage  of  development  in  which,  in  external 
form,  m  the  absence  of  a  cellulose  membrane,  in  the  distinct  existence  of 
cihary  organs  of  motion,  red  eye-Hko  spots,  vacuoles,  and,  according  to  a  very 
recent  discovery,  of  internal  pidsating  spaces,  they  undoubtedly  appear  very 
similar  to  the  Astomatous  Infusoria.'  If  these  pulsating  spaces  occur-  only 
in  imicoUidar  Algoe  provided  with  ciUa,  these  perhaps  should  properly  be  re- 
stored to  their  place  amongst  animals,  notmthstanchng  the  subsequent  ap- 
pearance of  ceUulosc-membranc  upon  them.  But  if  they  occur  in  the  swarm- 
ceJJs  ot  the  Lonfervsc,  they  certainly  cease  to  be  a  characteristic  of  animal 
natm-e.    Ihus,  if  we  arc  not  yet  in  a  position  to  refer  Polytoma  mth  peifect 
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certainty  to  its  proper  place,  there  is  decidedly  no  reason  for  excluding  it 
from  the  animal  kingdom.  We  will  not,  however,  venture  to  consider  the 
Infusoria  furnished  with  a  mouth  (Stomatoda,  Von  Siehold)  as  formed,  like 
Polytoma,  upon  the  type  of  a  simple  cell:  for,  high  as  -we  may  rate  the  ad- 
vantage accruing  to  science  from  the  comparison  of  the  Protozoa  -ndth  simple 
cells,  difiiculties  stand  in  the  way  of  its  complete  appUcation  in  the  case  of 
animals  of  such  complicated  structure  as  the  Vorticellce  for  example ;  and 
these  cannot  be  considered  as  entirely  done  away  with  until  the  history  of 
their  development  has  furnished  proof  that  at  no  period  does  a  fusion  of 
several  cells  take  place. 

"  In  conclusion,  we  bring  together  the  results  of  the  investigation  as  shortly 
as  possible. 

"  1.  Polytoma  is  an  animal. 

"  2.  It  is  characterized  by  a  clear  investing  membrane,  which  does  not 
consist  of  cellulose ;  two  contractile  spaces  in  the  substance  of  the  body ;  a 
nucleus  with  a  nucleolus ;  two  filaments ;  and  by  the  deposition  of  layers  of 
starch-like  granules. 

"  3.  The  starch-granules  may  become  converted  into  a  blue  or  green  co- 
louring matter. 

"  4.  Polytoma  divides  within  the  investing  membrane  into  two,  four,  or 
eight  parts,  and  propagates  itself  in  this  manner. 
"5.  It  passes  into  a  state  of  repose." 

These  arguments  will,  we  fear,  not  be  deemed  satisfactory  to  most  natu- 
ralists. That  the  investing  membrane  should  not  be  coloured  blue  by  iodine 
is  an  unimportant  fact  in  determining  its  nature  ;  for  the  same  thing  happens 
with  many  undoubted  vegetable  tissues,  and  we  are,  besides,  not  sufficiently 
acquainted  with  the  chemical  history  of  starch,  cellulose,  and  aUied  isomeric 
substances,  to  appeal  to  their  presence  or  absence  as  decisive  of  an  animal  or 
vegetable  nature.  Then,  again,  as  to  the  contractile  spaces,  these  cannot  be 
considered  peculiar  to  animal  life,  seeing  that  they  are  present  in  such  gene- 
rally recognized  vegetable  forms  as  Ghlamydomonas,  Gonimn,  and  Volvox. 

Moreover,  Schneider  himself  describes  starch -granules  and  clilorophyll- 
vesicles  within  Polytoma,  which,  if  these  substances  had  any  decisive  bearing 
on  the  question,  would  quite  settle  its  affinity  with  plants,  irrespective  of  the 
constitution  of  the  enveloping  membrane.  Besides,  the  whole  histoiy  of  the 
organism  accords  so  closely  with  the  known  phenomena  of  life  and  develop- 
ment of  the  simplest  plants,  that  this  alone  must  cany  much  weight  in  fixing 
its  position  in  the  scale  of  beings. 

FAMILY  n.— CRYPTOMOI^ADINA. 

(Plates  XYIII.  29—34.) 

The  CnypTOMONADiNA,  which  foUow  the  Monadina  in  the  ai-rangement  of 
Ehrenberg,  claim  but  a  brief  consideration,  inasmuch  as  so  littie  precise  infor- 
mation is  obtainable  with  respect  to  them,  and  as  the  existence  of  possibly 
all  of  them  as  independent  organisms  is  a  matter  of  much  uncertamty.  The 
genera  enumerated  were — Cryptomonas,  Ophidomonas,  Urocentrum,  Lagenella, 
Cryptoqlena,  and  Trachelomonas.  To  characterize  the  Cryi)tomonadma  in  two 
words  they  are  encysted  Monadina  or  Euglenete.  Ehrenberg  puts  forward  the 
following  account :— "  They  exhibit  aU  the  characteristics  of  the  Monadina, 
but  have  in  addition,  an  external  diaphanous  membrane  or  lorica,  which 
either  encloses  them  entii-cly— i.  e.  forms  an  urceolus,—ov  leaves  one  side 
exposed  and  so  constitutes  merely  a  shickl—^cutelhm.  Locomotive  organs, 
in  the  shape  of  two  delicate  fiUform  and  gencraUy  rctractUe  filaments  or  pro- 
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boscides,  extend  from  tlie  margin  of  the  month  in  all  the  genera  except  Za^reweZfa, 
in  which  also,  by  the  way,  Werneck  thinks  he  has  discerned  them.  Coloured 
food  has  not  been  know  to  be  received  ;  and  hence  the  nutritive  organization 
has  not  been  demonstrated:  however,  in  six  or  seven  species  (nearly  one-half  the 
family)  internal  gastric  cells  have  been  discovered.  In  two  genera  sensation  is 
exhibited  by  the  presence  of  a  colom-ed  spot  or  ocellus  at  the  fore  part  of  the 
body.  MultipHcation  by  complete  division  has  been  seen  in  some  specimens." 

Such  is  Ehi-enberg's  accoimt  of  Cryijtomonadiaa.  Dujardin  has  a  parallel 
family  with  it  he  names  Thecamonadina,  and  details  the  following  particu- 
lars (op.  cit.  p.  323)  — ■"  The  Infusoria  of  this  family  having  in  some  mea- 
sure merely  one  negative  character  ra  common,  viz.  the  non-contractOity  of 
theii"  integument,  can  be  divided  into  several  families  according  to  the  nature 
of  the  enclosiQg  membrane  and  the  mimber  and  disposition  of  their  locomo- 
tive filaments.  Thus,  some  are  globular  and  others  leaf-like  ;  some  have  a 
hard,  as  it  were  stony  sheU,  whilst  others  are  covered  only  by  a  thin  flexible 
membrane ;  some,  again,  have  but  one  filament,  others  two  similar  ones  or 
two  of  different  size,  and  others,  again,  more  than  two.  Until  new  observa- 
tions have  augmented  the  number  and  the  knowledge  of  species,  the  diflfer- 
ences  just  pointed  out  will  merely  serve  to  characterize  genera  which  are 
indeed  much  more  reaUy  distinct  in  this  family  than  in  Monadina.  The 
Thecamonadina  are  in  fact  more  advanced  in  organization  than  the  Monadina ; 
they  are  not,  like  the  latter,  produced  in  artificial  infusions,  nor  do  they  change 
figure  and  characters  according  to  the  medium  in  which  they  exist.  They 
stand  in  the  same  relation  to  the  Monadina  that  the  Ehizopoda  (ArceUina^or 
Monothalamia)  do  to  the  Amcehce :  their  organs  are  no  more  distinct ;  but  their 
individuality  is  more  pronounced." 

"  The  Thecamonadina  are  all  very  small,  although  they  may  be  rendered 
visible  to  the  naked  eye  by  their  accumulation  in  great  numbers,  and  by  the 
colour-  they  then  give  rise  to  ;  their  colour  is  usually  green, ....  but  sometimes 
red.  They  ai'e  mostly  cognizable  by  the  stiSiiess  of  their  body  and  the 
uniformity  of  their  movement."  Divjardin  ignores  the  stomach-sacs,  the  con- 
tractile seminal  vesicle,  the  testis,  and  the  green  ova  which  Ehi-enberg  attri- 
buted to  this  family:  he  likewise  can  assign  no  value  to  the  eye-specks  as 
generic  features,  and  is  compelled  to  deny  the  occurrence  of  shells  in  the 
form  of  a  shield,  open  on  one  side ;  for  those  appealing  so  are  merely  flattened 
on  that  aspect.  He  adds,  the  integument  in  all  these  cases  is  much  more 
roomy  than  the  contents,  from  which  it  is  separated  by  a  clear  space  having 
the  appearance  of  a  ring. 

Perty  adopts  both  the  terms,  Crtjptomonadina  and  Thecamonadina,  to  ex- 
press the  two  families  under  which  he  arranges  the  several  genera  enumerated 
by  Ehrenberg  and  Dujardin,  together  with  some  instituted  by  himself.  This 
IS  not  the  place  to  point  out  the  distinctions  he  has  di-awn  between  the 
two  famiUes  so  constracted  ;  but  the  original  observations  Perty  has  made  on 
some  specimens  will  be  of  interest.  Eor  instance,  he  says  that  (op.  cit.  p.  81 ), 
"  When  the  green  animalcule  of  Trypemonas  volvocina  {Trachehmonas  vol- 
vocma  Ehr.)  IS  about  to  self-divide,  it  contracts  itself  within  its  glass-like 
globiilar  sheU,  oscillates  to  and  fro,  whilst  the  motor-fibres  become  lost,  or 
remain  without  further  connexion  Avith  the  animal,  fixed  in  the  circular 
openmg  of  the  outer  shell.  Fission  now  proceeds  in  the  usual  mode  into 
two  and  four  individuals,  which  on  their  completion  exhibit  the  red  stigma, 
pre^^ously  undistinguishable  among  the  green  molecules:  the  brealdng  up 
of  the  shell,  scarcely  ^th  of  a  line  in  thickness,  is  ofi'ccted  either  by 
the  movements  of  the  contained  beings  or  by  dissolution."  The  shells  of 
Jrypemonm,  Clionemomts^^  and  Cryplomonas,  wliich  contain  no  silex  in  their 
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■  composition,  seem  to  be  particularly  prone  to  decomposition,  so  that  their 
empty  shells  or  their  fragments  are  extremely  seldom  to  be  met  with  in 
water  abounding  in  loricated  Monads.   "  In  Cryptomonas  polymorpha  I  have 
repeatedly  witnessed  this  rapid  breaking  up  of  the  shell ;  the  margia  is  resolved 
into  numerous  drops  which  separate  from  one  another,  and  in  the  course  of 
ten  or  twelve  minutes  the  lorica  spreads  itself  out  as  an  inconspicuous  mem- 
branous structure.    Moreover,  in  Ghonemonas  hispida  a  constant  movement 
is  observed  in  the  shell  when  the  animal  is  about  to  divide,  and  when,  as 
almost  always  happens,  the  filaments  are  lost,  or  remain  attached  to  the  shell 
without  any  connexion  with  the  animal.    UntU  the  period  of  self-division 
the  connexion  between  the  animal  and  shell  persists,  for  the  latter  is,  at  its 
origin,  simply  the  hai'dened  periphery  of  the  former ;  but  when  fission  hap- 
pens this  bond  is  ruptured  and  cannot  be  re-established,  and  the  contained 
animalcule,  being  thus  set  free,  no  longer  moves  -with  the  shell,  but  in  it,  and 
this  in  an  uneasy,  irregular  manner."    At  p.  83  he  goes  on  to  say  that  in 
Cryptomonas  polymorpha  internal  germs  (Blastien)  are  almost  constantly 
cognizable  ;  ia  smaller  and  young  specimens  in  less  abimdance.    In  a  pool 
containing  Utricularia  in  July  1848,  he  met  with  the  dark  green  variety  in 
immense  numbers,  along  with  clear  green  germs  from  to  col- 

lected in  masses  held  together  by  a  very  dehcate  pellicle,  and  either  motion- 
less or  in  active  movement  among  the  old  individuals.  In  other  varieties  he 
has  seen  similar  germs.  Thus,  on  pressing  the  large  brown  variety  the  germs 
escaped  as  independent  isolated  beings.  In  the  hyaUne  variety  {Ohihmonas 
Paramecium,  Ehr.)  he  not  seldom  witnessed  astonishingly  rapid  development 
by  longitudinal  fission  ;  in  one  specimen  the  two  halves  remained  for  a  con- 
siderable time  tied  together  by  a  band,  wHch  became  stretched  thinner  and 
thinner  by  the  long-continued  movements  of  the  two  beings  until  it  at  length 
crave  way  After  moving  about  for  some  time,  vital  energy  is  lost,  and  probably 
one-half  of  the  specimens  sijik  to  the  bottom  of  the  drop  of  flmd  under  obser- 
vation The  germs  in  this  hyaline  variety  are  moreover  very  evident  and 
numerous.  Amid  the  many  specimens  of  nearly  equal  and  nunute  size, 
others  much  larger  are  not  uncommon,  furnished  with  a  red  eye-speck. 

Schneider  gives  {A.  N.  H.  1854,  xiv.  p.  327)  an  account  of  Chilommas 
Paramecium,  differing  much  from  the  foregoing.  He  describes  it  as Jiavmg  a 
clear  nucleus  with  a  reddish  halo  around  it,  and,  although  he  could  distin- 
guish no  contractile  space,  observed  a  reddish  vesicle  always  m  the  anterior 
extremity,  and,  in  direct  opposition  to  Perty's  observations,  states  that  what- 
ever number  of  these  animals  he  examined,  he  never  observed  multiplication 

by  fission  (p.  133).  _      .-r^  .  n  •    j-^      j.  a 

In  March  1848,  Perty  noticed  Anisonema  acinus  (Duj.)  m  different  stages  ot 
development ;  the  smallest  forms  were  evidently  derived  from  the  germs,  about 
in  length,  and  circular ;  by  further  growth  they  became  clhptic,  and 
presented  a  larger  number  of  internal  germs  ;  at  the  same  time  the  fibres, 
which  are  so  easily  seen  in  the  fuU-gi-own  beings,  were  perceived  vnth  the 
greatest  diflaculty  in  the  smallest. 

Amon-  his  Thecamonadina  are  enumerated  two  genera,  named  Ghonemonas 
and  Trviemonas:  the  latter  is  equivalent  to  Ehrenberg's  genus  TracMo- 
monas;  hvit  the  former  includes,  besides  Lagenella,  two  genera  which  the 
Berlin  systematist  placed  in  families  far  removed  from  his  Cryptomonadma, 
yiz.  Chcetoglena,  placed  among  the  Peridinicea,  and  PantotncJmm,  classed  with 
To  GyclicUna.    Concerning  the  reproduction  of  these  two  genera,  Pertj  has 

^ZteX:Str:'^i^r  he  met  with  Ghonemonas  and  in 
great  Xindanceithe  greater  part  of  a  green  colour  with  red  oye-specks. 
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■without  lorica,  and  of  vaiions  dimensions.  In  both,  the  lorica  first  made  its 
appearance  as  a  smooth  hyaline  envelope,  which  grew  stronger,  then  red,  and 
at  length  brown  or  blackish  brown — becoming  also  in  GJwnemonas  still  fii-mer, 
and  covered  with  asperities.  Dmiag  this  transition  from  a  soft  periphery  iato 
a  shell,  two  sets  of  intersecting  lines  were  at  times  visible,  which  by-and-by 
vanished.  Moreover,  examples  of  CJionemonas  occmi'ed  which  continued 
smooth,  and  constituted  the  variety  Ch.  glabra.  By  using  very  high  mag- 
nifying powers  to  fuUy  developed  specimens  of  Trypemonas  volvocina,  the 
lorica  appeared  to  be  everywhere  perforated,  or  more  probably  beset  with  a 
series  of  depressions  or  thinner  spots.  On  the  shell  becoming  very  dark,  the 
green  contents  and  the  red  stigma  ceased  nearly  or  quite  to  be  visible.  Naked 
Clionemonads  and  Trypemonads  are  easily  distinguishable  from  Euglence, 
because  their  conti'actihty  is  so  much  less,  and  consequently  theii'  actual  round 
form  so  much  the  more  permanent.  All  these  minute  naked  examples  are 
doubtless  produced  from  germs :  fission  was  witnessed  in  no  instance.  Ordi- 
naiily  the  animal-Like  Chonemonas,  furnished  with  a  red  eye-speck,  had  an 
elliptical  form  prior  to  the  construction  of  the  shell,  just  like  loricated  forms  ; 
yet  ovate  and  obovate  examples  are  also  to  be  seen.  Minute  specimens  are 
poorer  in  endochi-ome,  this  material  occui'ring  only  in  one  or  two  specks.  The 
locomotive  filaments  are  absent  at  fii'st,  and  after  their  appearance  only  gra- 
dually attain  the  normal  length.  The  constniction  of  the  lorica  frequently 
proceeds  to  completion  in  very  small  specimens,  whilst  large  ones  remain 
naked,  notwithstanding  the  formation  of  germs  goes  on  in  those  where  the 
chxomule  is  in  a  certain  quantity.  Many  dead  Chonemonads  were  encountered 
having  their  contents  either  shrivelled  up  or  even  so  completely  removed  as 
to  leave  only  an  empty  yellowish-brown  shell. 

At  a  subsequent  page  (p.  131)  Perty  mentions  certain  abnormal  forms, 
among  others  Cryptomonas  polymorplia,  having  but  one  instead  of  two  fila- 
ments, and  at  other  times  elongated  into  a  tail-like  process. 

Prom  all  the  preceding  accounts  of  Cryptomonadina  there  seems  sufficient 
to  show  that  these  beings  are  but  a  certain  phase,  the  encysted  state,  of  a 
set  of  organisms  which  have  a  general  resemblance  to  zoospores,  or  to  simple 
unicellular  Algae.  The  germs  mentioned  by  Perty  accord,  to  all  appearance, 
with  the  microgonidia  of  other  authors,  and  behave  themselves  in  a  sinular 
manner.  Cohn  observes  {A.  N.  H.  1852,  x.  p.  335)—"  Trachelomonas  and 
the  analogous  forms  do  not  belong  to  the  vegetable  kingdom  at  all,  but  are 
nearest  aUied  to  the  Astasiaea,  and  appear  to  be  loricated  EugleneiE,  not 
loncated  Monads,  as  Ehrenberg  assumed."  We  shaU  hereafter  see  that  this 
mdefatigable  naturahst  leans  to  the  behef  that  Euglene^  are  animals  ;  hence 
the  idea  he  puts  forward  respecting  the  Trachelomonads. 

As  these  sheets  were  passing  through  the  press,  Mr.  Carter's  valuable 
paper  on  Eudonna  and  Cryptoglena  made  its  appearance  (A.  N,  H.  1858,  ii. 
p.  237).  The  Cnjptoglena  described  is  supposed  to  be  a  new  species,  and  is 
named  C.  Unticulans,  on  account  of  its  lenticular  shape.  It  is  compressed 
and  emargmate,  and  furnished  with  a  pair  of  ciUa.  In  this  Httlo  being 
Mr.  Carter  supposes  an  act  of  fecimdation  to  take  place,  the  microgonidia 
bemg  supposed  to  represent  the  male,  the  macrogonidia  the  female  element. 
Among  the  numerous  specimens  met  with,  there  Avas  a  number  of  deciduous 
lorica,  some  of  which  were  spUt  into  halves  which  were  separated,  while 
others  only  adhered  together  anterioriy,  and  presented  a  pair  of  ciha  attached 
to  their  pomt  of  union."  In  several  instances,  the  internal  cell,  or  the  con- 
tents enclosed  m  their  protoplasmic  sac,  often  distended  by  iml)ibition  of  water 
to  tnree  or  tour  times  the  chmonsions  of  the  germ  lorica,  wore  seen  escaping 
from  the  separated  segments  of  the  latter,  and  in  their  globular  shape  and 
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general  featui-es  undistinguishable  from  Chlamydococcus  under  similar  forms. 
These  escaping  internal  cells  were  divided  into  two,  four,  eight,  and  sixteen 
parts  ;  and  it  was  noticed  that  the  variety  which  came  forth  with  only  two 
gonidia  was  surrounded  by  a  swarm  of  from  ten  to  twenty  much  smaller 
gonidia,  which  were  identical  in  all  appearance  with  those  resulting  from 
division  into  sixty-four  parts.  But  the  cells  divided  into  two  segments  were 
not  the  only  ones  so  surrounded  by  microgonidia ;  for  in  two  or  three  instances 
a  few  were  found  around  and  adhering  to  the  inner  cell  of  those  divided  into 
four  gonidia. 

"  It  was  also  observed  that  the  two-division  did  not  always  come  forth  m 
one  cell,  but  that  sometimes  this  was  also  divided,  so  that  each  gonidium  had 
its  proper  cell.  The  form  of  the  macrogonidia  or  female  cells  did  not  differ 
from  the  internal  cell  of  the  parent,  except  in  being  a  httle  smaller, — ^while 
the  microgonidium,  which  was  not  more  than  l-7th  of  the  diameter  of  the 
macrogonidium,  and  therefore  very  smaU,  appeared,  though  equaUy  green,  and 
provided  with  an  eye-spot,  to  have  only  one  cilium.  I  cannot  help  thinking, 
however,  that,  with  a  higher  power,  I  might  have  seen  two." 

The  purpose  fulfilled  by  the  contact  of  the  microgonidia  with  the  macro- 
gonidia, Mr.  Carter  concludes  to  be  that  of  impregnation ;  for  he  observed 
one  of  the  former,  as  a  spermatozoid,  fix  itself  to  one  of  the  latter  (the  spores 
or  female  cells),  and  gradually  become  incorporated  with  it.  The  microgo- 
nidium, after  having  so  attached  itself,  assumed  a  conical  or  peg-top  shape, 
and  thus  appeared  to  gradually  squeeze  itseK  into  the  macrogomdium. 

This  mode  of  impregnation,  thus  directly  observed  by  Mr.  Carter,  is  the 
copy  of  that  the  same  observer  witnessed  in  Euclorina  (Pandonna),  and  of 
that  first  noted  by  Cohn  in  Volvox.  He,  moreover,  beHeves  that  it  obtains 
in  the  case  of  Trachelomonas,  for  he  "  has  often  seen  the  lai'gest  Trachelo- 
monad  of  a  pool  divided  up  into  a  group  of  apparently  sixteen  ceUs  within 
thelorica;  and  this  may  account  for  the  myriads  of  three  to  four  smaUer 
sizes  that  are  fi-equently  found  together  in  this  way  The  latter  certainly 
appear  in  a  green  form  first;  that  is,  without  the  lonca,  which  gradually 
becomes  supphed  afterwards.  Thus,  impregnation  also  m  the  Trachelomo- 
nads  may  take  place  lilce  that  seen  in  Eicdonna^^ter  the  parent-ceU  has 
undergone  division  within  the  lorica."  (See  Part  II.,  Systematic  History  of 
Cryptomonadina.)  . 

FAMILY  III.— V0LY0CINEJ5  OE  YOLYOCINA. 
(Plates  XrS.  XX.) 
This  is  the  most  important  and  most  interesting  family  of  the  Phytozoa. 
The  genera  enumerated  in  it  by  Ehrenberg  were  ^yges,  Pandorma,  Go- 
rdum,Synorypta,  Synura,  Uroglena,  Eudorina,  Clilamydomonas  Sphcerosv>;a , 
and  FoZw.r.  The  name  is  derived  from  the  roUing  {vohere,  to  turn)  motion 
of  the  genus  Volvox,  which  is  typical  of  the  family.  Ehrenberg  was  the 
first  ri4tly  to  appreciate  the  true  natui-e  and  compound  structure  ot  the 
princip^  genera  as  the  aggregation  of  numerous  monadiform  bemgs  in  a 
commL  polypaiT-Hke  mass.  He  correctly  described  the  several  individuals 
as  resembling  Monads  in  most  particulars  of  their  organization  but  was  so 
Srried  away  beyond  this  simple  natiu-al  statement  by  his  pecubai-  views  of 
stracture  as  to  describe  them  as  having  an  unvarymg  body  without  other 
fxternS  appendages  than  a  pair  of  cilia  or  filaments,  and  mternaUy  sevem 
dSeTve  sTs  but  no  true  alimentary  canal,  green  ova,  two  rounded  seminal 
Ss  a  contractile  (spermatic)  vesicle,  and  eye-specks  indicating  the  exist- 
flce  of  sensation.     The  substance  connecting  the  several  bemgs,  and  m 
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M'hich  they  are  imbedded,  he  called  the  lorica,  aud  stated  that  propagation 
ocemTed  by  self-division  within  the  envelope,  and  probably  also  by  ova. 

The  genera  Chlamydomonas  and  Gi/cjes,  or  Ghlamydococcus  (XIX.  9-31), 
offer  an  exception  to  the  other  members  of  the  family  in  not  producing 
aggregate  forms  or  colonies,  at  least  not  in  their  assumed  typical  phase. 

Whilst  denying  in  toto  the  elaborate  animal  organizatiou  presumed  by 
Ehrenberg,  M.  Dujardin  nevertheless  continued  to  recognize  the  Volvocina 
as  animal  stmctures,  and  contented  himself  with  merely  proposing  a  dif- 
ferent distribution  of  the  genera.  However,  since  this  distmguished  Prench 
naturahst  wi'ote,  the  opinion  has  been  powerfully  advocated,  and  everywhere 
gaining  gi-ound,  that  the  Volvocinece  belong  to  the  vegetable  kingdom ;  con- 
sequently their  stmctiu'c  and  vital  phenomena  receive  quite  a  different  inter- 
pretation from  that  given  by  the  writers  above  named. 

The  Volvocineo}  are  now,  in  the  language  of  algologists,  '  Tetraspora'  of 
the  family  Palmellece  or  Palmellacece.  The  monadiform  beings  are  '  primor- 
dial cells,'  and,  in.  more  general  language,  '  corpuscles,'  whilst  the  common 
pellicle  or  nidus  connecting  them  is  called  by  Cohn  and  others  the  '  envelope- 
cell.'  The  author  just  named  says  {Entiu.  p.  165),  that,  from  his  observa- 
tions on  Chlamydococcus,  Chlamydomonas,  and  Ste/phanosjohcera,  the  Volvo- 
cinece in  general  consist  essentially  of  two  parts  :— 1.  of  a  coloiirless,  hyaline, 
completely  closed,  and  usually  spherical  envelope-cell  composed  of  cellulose  ; 
and  2.  of  green  primordial  cells,  single  in  the  two  fii-st-named  genera,  but 
eight  in  number  in  Stephanosphcem,  enclosed  within  the  envelope-cell.  In 
each  case  these  cells  are  simply  primordial  sacs,  unenclosed  by  any  special 
firm  cellulose  membrane,  and  consist  of  a  fine  granular  protoplasm,  coloured 
green  or  red  by  chlorophyll,  or  by  a  peculiar  oil  (XIX.  48,  49).  The  proto- 
plasm forms  only  the  outer  layer  of  the  cells,  and  is  often  prolonged  on  the 
inner  surface  of  the  '  envelope-cell '  in  the  form  of  delicate  mucous  fibres 
(XIX,  53).  The  primordial  cells  are  moreover  themselves  elongated  from 
before  backwards,  forming  a  coloiuless  apex  fi-om  which  two  vibratile  fila- 
ments take  theii-  rise,  and  passing  through  two  foramina  in  the  envelope- 
cell,  stretch  themselves  outwards  in  the  siuToundrng  water,  and  by  their 
vibration  serve  to  move  the  entire  compound  organism.  The  only  difference 
between  Chlamydococcus  and  StephanosphcBra  is  one  affecting  the  mode  of 
development,  in  which  only  the  piimordial  ceUs  (not  in  any  way  the  common 
envelope)  take  part.  These  ceUs  divide  fii-st  into  two,  then  into  four,  then 
mto  eight  or  more  daughter-ceUs  (macrogonidia)  (XIX.  40,  41  42)  •  but 
after  the  third  or  the  second,  and  often,  indeed,  after  the  first  act  of  division, 
a  permanent  generation  results.  Thus,  in  Chlamydomonas  and  Chlamydo- 
coccim,  each  of  the  daughter-ceUs  becomes  fi-ee  and  independent,  encloses 
Itself  mthin  an  envelope-cell  of  its  own,  and  after  developing  two  fibres, 
breaks  through,  with  their  aid,  the  common  envelope  of  the  parent-ceH  (XIX. 
^ V  1  h  ?  ^\¥^('-^osplmTa,  on  tlie  contrary,  the  eight  primordial 
rnvZ;^TTX  °^  ^'^^^"^  '"''^'^  — ^  themselves  a  common 

nZ  T  ^    ?;   i'  ""^'^  ^^'"^       an  integument,  fii-st  Ijang  close 

hem  oST'n.i  fVT^h  the  imbibition  of  water,  raised  from 

o™  hoT  b^^t      that  the  primordial  colls 

•  tho  ^^n^^r^  *^^^^°^8ht  P^J^s  of  filaments  protnuled  tlu-oiigh  the  openings 
Ind  in  t^     '''^iT  G^'^<^^^ydococcns  and  ChUm.,domonas 

fx  'i?''''  *°  'S^-^i^^^^^osp^^ra  that  Phurococcv.s  does  to  Fal- 

m  kc  PhycasUncm  to  Desrmdium,  Navicula  to  Schizonema,  VorticeV.a  to  Epi- 
styhs,  or  as  Hydra  to  Campanidaria.  ^ 
But,  further,  a  .second  mode  of  development,  viz.  by  microgonidia,  prevails 
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alike  in  th.e  throe  genera  in  question,  the  bisection  of  the  contents  of  the 
cell  proceeding  so  far  that  they  are  eventually  resolved  into  numberless  small, 
mostly  spindle-shaped  corpuscles  (XIX.  51),  vpliich  at  first  oscillate  by  the 
aid  of  two  or  four  vibratile  filaments  within  the  common  envelope-cell,  but 
subsequently  escape  singly  from  it,  (XIX.  52),  and,  after  enjoying  for  a  con- 
siderable time  very  energetic  infusorial  movements,  finally  pass  into  a  state 
of  rest,  preparatory  to  some  future  development. 

"  The  larger  imdivided  macrogonidia,  after  swarming  often  the  whole  day, 
are  also  seen  to  enter  (as  witnessed  in  Chlamydococxus  and  Stephanosphcm-a) 
into  the  condition  of  rest,  when  each  primordial  ceU  contained  mthin  the 
deHcate  envelope-ceU  secretes  about  itself  a  second  more  compact  cellulose 
membrane  which  closely  invests  it,  and  is  not  perforated  by  the  ciliary  fila- 
ments (XIX.  20,  21).  It  is,  in  fact,  the  counterpart  of  the  membrane  which, 
in  common  plant-ceUs,  overUes  the  primordial  layer.  In  this  distinctly 
plant-like  or  protococcoid  condition  the  cells  remain  without  motion,  and 
may  endure,  even  when  dried,  for  a  whole  year,  and  then,  on  the  addition  of 
water,  undergo  segmentation  into  two,  foui-,  or  eight  gonidia,  which,  imme- 
diately after  developing  their  filaments  and  envelope- cells,  break  through  the 
walls  of  the  parent-ceU  and  crowd  the  siuToimduig  fluid." 

The  facts  relating  to  the  structure  and  functions  of  the  genera  above 
adduced,  apply  in  the  main  to  aU  the  Volvodnece ;  for  the  differences  between 
the  several  genera,  although  demanding  special  consideration,  are  not  essen- 
tial. Tims,  for  example,  in  Gonhmi  (XIX.  32)  the  figure  is  a  flattened  sphe- 
roid, and  the  green  primordial  cells,  viewed  coHectively  fi'om  above,  resemble 
a  foiu--sided  disc  or  plate,  having  each  angle  truncated.  Moreover,  the  trans- 
parent colourless  envelope  does  not  acquire  the  character  and  appearance  of 
a  firm  membrane,  but  presents  itself  as  a  mucous  or  gelatinous,  not  cellulose, 

^^CWMYnoMONAs.— The  first  of  the  genera  included  by  Ehi-enberg  in  his 
famUy  Volvoeina,  of  which  we  shaH  attempt  a  description,  is  Chlaimdomonas 
or  Chlamydomonas  (XIX.  16).   It  recommends  itself  to  oui-  attention  because 
of  its  simpUcity  and  its  existence  in  an  isolated  state.    This  last  fact  seemed 
to  Dujardin  a  sufficient  reason  for  removing  it  fi'om  the  rolvocina  to  the 
Thecamonadina,  and  for  renaming  it  Diselmis,  on  accoimt  of  its  havmg  two 
filaments ;  for  he  would  admit  into  the  former  famUy  only  aggregate  oipn- 
isms  "enclosed  within  a  common  envelope,  or  havmg  special  envelopes 
mutually  adherent."    On  tHs  same  groimd  he  also  advocated  the  transposi- 
tion of  Qvqes  from  the  Volvox  family  to  that  of  the  Thecamonadina  a  genus 
which  we  shaU  presently  have  to  note  imder  the  name  of  CW«mj/f/orofc<«  or 
Protococcus  pluvialls.    To  this  arrangement  Cohn  objects  {A.  A.  JJ.  ibo-, 
X  p  334) ;  for,  says  be,  "  a  more  profoimd  investigation,  not  only  ot  tlie 
stractui-e,  but  also  of  the  history  of  development,  teaches  us  that  Chlamydo- 
monas (Diselmis,  Duj.)  possesses  only  external  analogies  with  Irachelomonas, 
while  this  form,  as  Ehrenberg  abeady  discovered,  exhibits  the  closest  alhance 
to  Gonium  ami  Pandorina.    The  relation  of  the  colouiless  envelope  to  the 
enclosed  green  globes,  the  position  of  the  two  cHia,  which  anse  from  the  latter 
and  pass  out  through  the  former,  and  lastly,  tlic  laws  of  division  of  the  green 
ceUs  inside  the  envelope,  in  powers  of  two,  display  themselves  in  exactly  the 
same  way  in  Ohlamydococcus  as  in  the  rest  of  the  Volvocmea' ;  and  the  onlj 
distinction  between  them  consists  in  tlio  circumstance  that  in  Chlamydomoms 
f  and  Chlamydococcxis)  the  individuals  produced  by  the  dnnsion  of  the  green 
dobes  separate  after  the  absorption  of  the  parent  envelope  and  hve  on  as 
iSdua  s,  whUe  in  the  other  VoJ.ocinea^  the  daughter-cells  produced  by  • 
the  Xision  of  one  green  primordial  ceU  remain  connected  by  the  persistent 
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parent-cell  as  by  a  common  envelope,  and  move  about  as  a  well-defined  body 
composed  of  many  cells." 

The  best  accounts  of  the  structure  of  Ohlamydomonas  wc  have  at  hand  are 
those  by  Perty  (oj).  cit.  p.  85),  by  Braim  {Rejuv.,  B.  8.  p.  214),  and  by 
Thiu'ct  {Sur  les  Zoospores,  Ann.  Sc.  Nat.  xiv.  1850).  Unfortunately,  each 
of  these  writers  describes  a  different  species,  which  renders  oiu'  attempt  at  a 
general  history  the  more  difficult.  The  figure  varies  between  ovoid  and 
globular  ;  and  the  cell  is  not  prolonged  at  the  point  from  which  the  pair-  of 
■vdbratile  filaments  proceed,  although  a  colomiess  space  exists  there.  The 
organism  consists  of  a  green  mass — the  primordial  cell — surrounded  by  a  dia- 
phanous delicate  envelope,  which,  unKke  that  of  CJilamydococcus,  is  closely 
applied  to  it,  so  that  it  leaves  no  clear  interspace  between  the  two.  The 
contents  are  green  globules  and  lai'ger  vesicles,  mth  a  single  large  chlorophyU- 
utriclein  the  centre — the  nucleus  (XIX.  16) — very  like  in  appearance  to  the 
starch-globule  so  frequent  in  the  cells  of  green  Algce.  In  addition,  there  is 
a  red  stigma,  and  in  some  rare  instances  two  such ;  in  other  examples,  again, 
it  is  altogether  wanting.  IVIotion  is  effected  by  the  ciliaiy  filaments,  which 
penetrate  the  external  envelope  from  the  enclosed  globule;  the  envelope 
resembles  that  of  zoospores  in  general ;  and,  like  those  stmctures,  these  uni- 
cellular beings  seek  the  light  and  exhale  oxygen. 

Perty  describes  colomiess  germs  from  which  new  specimens  originate, — a 
statement  no  doubt  equivalent  to  saying  that  these  beings  reproduce  them- 
selves by  microgonidia,  as  Cohn  represents.  Pission  into  macrogonidia  is 
bmary  or  quaternary,  as  in  Tetrasjwra,  and  gives  rise  to  two,  fom%  eight,  and 
even,  at  times,  sixteen  or  thirty-two  individuals.  Generally  whilst  this  act 
proceeds  the  cells  are  quiescent,  ceasing  from  theu-  usual  movements.  This 
process  of  multiplication  is  not  influenced  by  the  size  of  the  Chlamydomonads, 
for  it  occurs  in  specimens  varying  between  ^i^-  to  -)■-". 

Amid  the  film-like  collections  of  Ohlamijdomonas'^gTow^B  of  individuals  may 
be  encoimtered  m  various  stages  of  change  and  of  breaking  up :  some  have 
entu-ely  or  partiaUy  lost  theii-  green  contents ;  others  have  acquij-ed  a  yel- 
lo^ash-brown,  or,  more  seldom,  a  red  coloui-;  others  are  much  contracted  as 
smaU  globules  within  the  clear  gelatinous  cases,  whUst  others,  lastly,  acquire 
a  proboscis-hke  process,  or,  by  pressui'e,  an  angular  outline. 

The  variety  and  transition  of  colour'  just  remarked  depend  upon  the  phase 
if^^r^f      .       entrance  on  the  resting  or  quiescent  condition.  The 
ceUs  oi  Clilamydomonas  ohtusa,  Braim  teUs  us,  when  swarming  are  of  a  dark 
green  colour,  tnmcate  at  both  ends,  and,  after  multiplying  for  some  time 
produce  here  and  there  veiy  minute  paler  and  more  brownish-yeUow  micro- 
f  «e  °f  ^  few  weeks  no  more  active  ceUs  could  be  foimd 

sunk  to  ttrboHn  having  all  gradually  come  to  rest  and 

sunk  to  the  bottom.    The  onginal  longish  shape  of  the  ceUs  had  changed 
in  o  a  perfec  sphere  with  the  transition  to  rest   the  eoloiu-  of  these  resting- 
cells,  ongmaUy  green,  graduaUy  passed  into  a  light  yellowish  brow    at  the 
ame  t,me  a  number  of  small,  sharply-defined,  brilli  nt  glob  Ic  w^e  formed 

ti  n  The''  S/r'  T''  ^^'P^"''^"^^  ^^^-"I-  « I-  thi^  Sel 
Lcrea  e      It  I'^n^^ed,  exliibiting  neither  gro.^^h  nor 

in  chametrr  b     '  "".^  ^^'"^  ^'^^^iug  (seed)  cells  are  about 

fi^aUv  a  sume  n  'fl.  r  ^  ^'i'^'^''  colouriess,  and  transparent  membrane,  and 
sT^m^JuS  of  ft  f         ^'^  '^^^kening  from  tliis  <  resting  '-stage, 

ScfeWnts  Vr  '^^^^^  ""'V''  ''^^^  disappearance  of  the^•ed  and 
cienlly  invS^^^^^         restmg-stage  of  the  microgonidia  has  not  been  suffi- 

ChJamydomonas  Ptdvmuhs,  in  the  opinion  of  Cohn  and  most  others,  is 
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unclistinguisliable  from  Pohjtoma  Uvella  in  eveiy  matei-ial  point —the  absence 
of  colotu-,  and  its  habitat  in  decomposing  infusion  alone  offenng  themselves 
as  distinctive  of  the  latter.  Nay,  what  is  more,  he  discove:-s  the  intimate 
resemblance  of  CUamydomonas  to  the  resting-stage  of  a  Vohox  which  he 
discovered  in  decomposing  infusions,  and  named  V.  hyahna.  I'rom  these 
considerations  he  concludes  that  Glilamydomonas  and  Pohjtoma  must  be  ranked 
Avith  Volvox  in  the  vegetable  kingdom. 

But  CUamydomonas  is  made  to  appear  a  metamoi-phic  condition  ot  yet 
other  organisms.  For  instance,  Itzigsohn  states  that,  after  the  joints  of  the 
filaments  of  Oscillaria  tenuis  are  separated,  they  produce  motile  gonidia 
"which  present  in  all  respects  the  aspect  of  Chlamydomonads,  but  which, 
after  passing  through  many  intermediate  forms,  grow  into  perfect  Eughnce 
(J  M  8  1854,  p.  189).  Likemse  Hartig,  in  his  account  of  the  transtorma- 
ions  'of  the  Phytozoa  of  Antheridia  (/.  M.  S.  1855,  p.  54),  makes  one  phase  to 
resemble  Chlaiydomonas  destruens  of  Ehrenberg.  Lastly,  Cohn  confesses 
(On  Protococcus,  B.  S.  p.  555).that  the  motile  or  smarming  form  of  P.o  ocom^ 
is  scarcely  distinguishable  from  Glilamydomonas,  except  that  the  latter  has 
not  been  observed  by  him  in  the  '  still '  condition.  But  this  presumed  point 
of  divergence  itself  vanishes  since  Braun's  obsei-vations  have  made  us  ac- 
quainted mth  the  quiescent  phase  of  that  organism  (p.  14/  ).  _ 

The  relation  of  Glilamydomonas  to  Stepluvnosplimra,  and,  in  general,  its 
alliance  with  the  Volvocina  as  a  plant,  have  been  reviewed  m  the  preceding 

another  unicelMar,  isolated  organism  of 
the  femiiy  Volvocina,  has  arrested  much  attention  and  been  descnbed  at 
arte  by  Plotow,  Braim,  Cohn,  Perty,  and  others  under  the  additional  names 
of  P,oLocc.«,  ' H^maLoccus,  and  Hyscjinu...  Ehrenberg  - 
similarly  named;  but  modern  researches  show  that  Gyges  is  in  pait  its 
equivalent,  although  but  one  phase  of  its  existence.  ,       ,  •_.„ 

Ehrenberg's  account  of  Gyges  is  very  meagre.    He  chaiactemcs  it  a.s 

wanting  both  filaments,  eye,  and  tail,  and  as  '^'^-^^f^.X^t^^'^^^ 
lorica  Can  urceolus).  He  could  chscern  no  traces  of  a  nutiitive  system,  anr  , 
except  a  ve  y  shgM  movement  rendered  evident  by  colouring  the  fliud, 
coSd  detectlo  indication  of  animality.  On  the  other  hand,  Mr.  Shu  tle- 
Wh  examined  G.  sanguine..,  and  stated  it  to  have  a  hvely  motion  (Mn.6. 

^'t™hm5n!i7  notes  on  the  Fo?voc,Wc.  in  general,  a  vegetable  nature 
is  ^sS^ed  to  the  Glilamydooocc^.  ;  and  its  relation  to  other  Volvoane.  is 
thus  laid  do-5\Ti  by  Cohn  (A.N.H.  1852,  x.  p.  66b) :— 

"  Sll^ydocolus  is  aViniceUular  Alga  in  the  strictest  sense  o  the  woid 
never  eom/osed  of  more  than  one  ceU  at  any  period  of  g™^!^';-'^^  ^^^^^^^^ 
division  forms  the  commencement  of  a  new  mdividual,  whilst  the  lemnindei 
Tt\T  vlhocinece  \i  e.  excepting  Glilamydomomts-]  present  themselves  as 
fJZ.  oflZ^  ^  a  dkite  numbei  of  equivalent  cells  ai-e  combined, 
in  some  measure,  into  an  individual  of  a  higher  order  _   »  j^^^e 

"  The  researches  of  Alex.  Braun,  like  my  own,  he  continues  nave 
,.vnvpd  most  distinctly  that  Ghlamydococms  can  only  be  placed  with  pio- 
^  Z^.ZoL  he  S.  It  is  distinguished,  indeed,  from  the  movmg  germ- 
SC-S  fe^^^  ti  e  greater  part  of  the  species  of  .Uga3,  are  P-Pag«ted' 
f  Lrowhit  more  complex  structiu-e  and  by  the  cu-cumstance  that  the 
^^  .  Tstrfor  Tvery  ?ong  time,  and,  finaUy,  by  the  power  of  the  mo^^ng 
motion  lasts  toi  a  ^^^^  «  •  ^  entering  into  the  state  of  rest  germma- 
eeUs  to  propagate  a  ^  ^^J^^^^'^  ^^'^^^^^^^^^  But  these  objections 
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Volvocimo}  generally  as  unicellular  plants ;  and  they  do  not  stand  there 
among  the  Alga3  altogether  A\ithont  intermediate  conditions,  as  Alex.  Braim 
has  proved,  especially  from  the  long  movement  of  the  Volvocinece. 

"  On  the  other  hand,  the  extomal  form,  like  the  chemical  and  morphological 
organization  of  the  contents,  the  laws  of  motion,  and  the  general  physiological 
phenomena,  especially  hoAvever  the  behavioiu-  in  the  transition  into  the  con- 
dition of  rest,  in  Chlamydococcus,  agree  so  perfectly  'with  the  moving  spores, 
the  transformation  of  which  into  undoubted  plants  has  been  demonstrated 
with  scientific  clearness,  that  no  unprejudiced  observer  can  discover  an 
essential  distinction.  I  have  mentioned  in  my  essay  that  Ehrenberg  himself, 
although  ho  claims  the  moving  condition  of  the  forms  allied  to  Chlamydo- 
coccus as  Infusoria,  has  declared  the  resting-stage  of  this,  or  a  most  closely 
alhed  genus,  to  be  an  undoubted  Alga ;  and  yet  the  moving  Infusoria  are 
only  a  propagative  form  of  the  motionless  Alga.  Finally,  I  have  succeeded 
in  demonstrating  the  membrane  of  the  cells  of  Chlamydococcus,  both  in  the 
resting  and  particularly  in  the  moving  stage,  to  consist  of  cellulose,  and  thus 
in  establishing  the  most  important  criterion  of  a  vegetable  ceU  we  are  at 
present  acquainted  with. — the  ternary  composition  of  the  ceU-membrane — 
in  the  Infusorioid  condition  of  Chlamydococcus.  In  fact,  all  the  more  recent 
obsei-vers  of  Chlamydococcus,  the  number  of  whom  is  not  inconsiderable, 
have,  almost  without  exception,  agreed  in  recognizing  in  all  conditions  of  the 
development  of  this  form,  only  a  plant  and  nothing  hut  a  plant." 

Besides  the  valuable  sketch  referred  to,  of  the  relations  of  Chlamydococcus, 
Cohn  has  presented  an  elaborate  memoir  on  this  organism  under  the  name  of 
Protococcus,  in  a  paper  ti-anslated  for  the  Eay  Society  (Botanical  and  Physio- 
logical Memoii-s,  1853),  and  has  subsequentiy  extended  his  views  of  it  and 
its  afiinities  in  his  essay  on  the  development  of  microscopical  Algaj  (EntivicJc. 
d.  milcr.  Algen,  1854).  Of  these  most  important  papers  we  shall  make  fi-ee 
use  in  sketching  the  history  of  this  genus. 

"  The  moving  cell  of  Clilamydococcus  is  composed  of  two  piincipal  parts,  a 
hyahne  spherical  envelope,  which  is  formed  of  a  delicate  structureless  mem- 
brane consisting  of  cellulose,  and  immediately  siuTounds  colomless  contents, 
perhaps  consisting  of  pure  water.  In  the  centre  of  the  envelope  occurs  a 
coloured  globule,  composed  of  the  universal  nitrogenous  protoplasm  or  mucus 
ot  -vegetable  ceUs,  colom-ed  red  or  green  by  chlorophyU  or  a  carmine-red  oil 
and  contaimng  imbedded  in  it  numerous  granules  of  protoplasm,  as  weU  as 
one  or  more  large  chlorophyU- vesicles.  This  coloiu-ed  globule  is  attenuated 
at  the  upper  end  mto  a  colomless  point;  from  this  go  out  two  cilia,  which 
protrude  mto  the  water  through  two  orifices  in  the  membrane  of  the  enve- 
lope, and  produc^  the  movements  of  the  whole.  The  inner  coloured  globule 
1  ™  t  ■''^  "^'"^  membrane,  but  merely  by  a  thickened  layer  of 
fold  tmnl;^  very  changeable  and  passes  through  mani- 

told  transformations  m  the  course  of  its  development.    In  particular  it  fre- 

wSLeuT  'T-^T  \"  f'f''''  '^'^  "'l^-l-'^  radiating  mamentl, 
which  keep  the  internal  coloured  globule  suspended  freely  in  the  envelope 
and  are  afterwards  retracted  in  the  coui-se  of  the  development  ^  ' 

and  in-eTll  fn?'''  f  p  f  ^^'^'"^'V^ococcus  are  of  much  simpler  stnicture, 
mt;brane  n  J  P^^^ococc^^s,  consist  simply  of  a  tough  spherical  eeUulose 

Wstm  of  W  f  f  ^  "^■S^'^^^'^'l  ^«  primordial  utricle.  The 

the  m^otionW  ^^'^^^^  conditions  the  contents  of 

corrrnoml  "^'"''^''^  '"^^^  "  ^vhich  always 

rcome  on.mi.iT'  7  tl^^"-  that  tliese  portions 

the  n^n^  1  primordial  utricles,  and  as  such  break  through 

tJio  paicnt-cell,  each  developing  two  cUia,  and  by  the  aid  of  these  rotating 
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actively  in  the  water.    During  their  motion  they  excrete  a  delicate  cellular 
membrane  over  their  entire  surface,  which  is  gradually  removed  farther  and 
farther  £i-oni  the  primordial  utricle  by  cndosmose  of  water,  until  at  length  it 
becomes  the  wide  envelope  of  the  moving  form  described  above.    From  this 
it  follows  that  the  latter  forms  do  indeed  possess  on  the  whole  the  character 
of  sunple  ceUs,  but  display  some  pecidiaritics  in  their  stractm-e  and  develop- 
ment since  the  internal  coloured  globule  corresponds  originally  to  the  pn- 
mordlal  utricle  of  other  vegetable  ceUs,  yet  is  not  sui'rounded  by  a  membrane 
as  usual,  but  suspended  free  in  it  like  a  cell-nucleus,  while  watery,  unazotized 
contents  appear  between  the  membrane  and  the  pnmordial  utiicle.   lor  this 
reason  I  have  caUed  the  enclosed  coloured  globidc,  Avhich  is  formed  lu-st,  and 
originally  moves  about  without  a  special  membrane  m  the  manner  of  a  ceil, 
and  coiTesponds  to  the  primordial  utricle  of  vegetable  ceUs  m  general,  the 
primordial  cell,  and  the  enclosing  membrane  with  its  wateiy  contents  the 
envelope-cell.  The  moving  OJilamydococcus-cou(\ition  is  capable  of  propagatmg 
as  such,  by  the  enclosed  primordial  cell  dividing  anew,  the  mdividual  portions 
sliiDping  out  of  their  envelope-ceH  and  ranning  through  the  cycle  of  develop- 
ment of  their  parent-cells.    In  passing  into  the  state  of  rest  the  enclosed 
primordial  ceU  secretes  over  its  surface,  inside  its  envelope  hje  every  pn- 
mordial utricle,  a  new  tough  ceUulose  membrane,  and  throug;h  this  metamor- 
phosis assumes  the  form  of  an  ordinary  Protococcus-cell,  while  the  envelope- 
ceU  is  dissolved.    But  only  such  primordial  ceUs  behave  m  this  way  as  aie 
produced  by  the  division  of  a  Chlamydococcus-glo\)vle  m  a  lower  power  ot 
two    the  primordial  cells  originating  from  a  16-64-fold  division  move  far 
more  actively  and  do  not  secrete  an  envelope-cell ;  they  are  incapable  of  any 
propagation,  and  pass  immediately  into  the  condition  of  rest.    Alex.  Biaun 
has^aUed  these  firms  of  C/.km^/cZococa.  which  develope  an  envelop^^^^^ 
macrocjonidia,  and  distingxiished  the  smaUer  ones  ongmatmg  fiom  multifold 

or  red  resting^cell.  of  «o....  into^, 
and  then  into  foiu-  segments,  each  producmg  a  ^^^^^^'^^^  ^^'^^^^ 
cells,  has  of  late  been  questioned  by  Cohn  and  ^'^'^'^  J^^l,^^^^ 
beheves  he  can  confirm  this  occui-rence,  smce  he  has  -  distmctly  observed 
the  process  of  self-division  in  some  red  restmg-ceUs  which  were  probably 
Z^roTmamydococcus.  1  say,"  he  writes  yMly  because  the  red 
resting-ceUs  oi  ChJamydococcus  are  quite  imdistmgmshable  fr^/l^'?^'^  «f 
anotSer  of  the  VolvooLce,  viz.  Stephanosphcera  -pMs,  so  that  wi  hout 
?oCing  out  the  development  it  is  impossible  to  predicate  whether  such  led 
ceUs  belong  to  one  or  the  other."  M.  S.  1858  p.  209.)  A  fui-ther  lefei- 
ence  to  tHs  topic  AviU  be  foxmd  in  the  accoimt  of  StephanosphaTa. 

On  reviewh^g  his  history  of  Chlamydococciis  (P.oiococci<.)  i.?u.mZi.,  Cohn 
attSutes  to  tSis  plant  a/' alteration  of  g-^^^^/  ^^.^^^^^^^^^^^ 
periodicity  observed  in  the  appearance  m  a  collection  of  vatci  o 
iihises  the  one  replacing  the  other  (On  Proiococcus,  li.  S.  lboS,  pp.  &-±J,  oov). 
SuWeXlie  details  the  number  of  very  various  and  changing  forms  of 
Sopment'it  passes  through,  "  which  have  been  either  erroneously  anjinged 
a^^s^ct  genia  or  at  least  as  — g  sMmnuiy  m  ^^^^^^^ 

P.oJo.o«Jl  (A^       becomes  gelatinous  it  resembles  P.  pidcher,  and  the 
CPUs  P  minor.    The  encysted  motile  zoospores  are  the  genus  Oyges 
small  cells  1 .  mtnor .    ^         ic^embling  also  on  the  other  side  P  turgidns 
./mnuZt«H,  umong^  the  ^^.^^^^^      V^^,,  ,,o,pores  chnded  into  two  must 

i^eaSS'Xin  :f  G;;^:  ^mJ.,  or  of  P.  LidiaU..    In  the  quadn- 
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partite  zoospores  with  tlie  secondary  cells  arranged  in  one  plane,  we  have  a 
Gonhan.  That  with  eight  segments  corresponds  to  Pandorina  Morum,  and 
that  with  sixteen  to  Botryocystis  Volvox.  When  the  zoospore  is  divided  into 
thirty-two  segments,  it  is  a  Uvella  or  Syncrypta  (XIX.  27).  "When  this 
form  enters  the  '  still '  stage,  it  may  be  regarded  as  a  fomi  analogous  to 
Mkrohaloa  iwotogenita  ;  this  Algal  genus  is  probably,  speaking  generally, 
only  the  product  of  the  i^yeZZa-division  in  the  Euglcnce  or  other  green  forms. 
The  naked  zoospores  (XIX.  28),  iuially,  would  rejjresent  the  form  of  a 
Monad  or  of  an  Astasia  (XIX.  29) ;  the  caudate  variety  approaches  that  of 
a  Bodo:' 

Perty  has  devoted  several  pages  to  recoimt  his  own  observations  and  ex- 
periments on  the  genus  Chlamydococeus,  or,  as  he  prefers  to  call  it,  Hysgi- 
num.  He  institutes  two  species,  which  he  states  to  be  equivalent  to  Proto- 
coccus  jiiuviulis  and  P.  nivalis  of  other  authors,  and  iasists  on  their  specific 
distinctness.  Probably,  he  adds,  other  varieties  of  Protococcm  coloui-ed  red 
are  also  referable  to  tlds  genus,  at  least  such  of  them  as  present  an  animal 
phase  of  existence.  To  his  mind,  the  vital  phenomena  of  such  organisms 
are  best  explicable  on  the  supposition  of  an  animal  nature  ;  for,  says  he, 
cells  which  move  altogether  hke  Infusoria,  and  exhibit  sensation  in  their 
yoimg  condition,  so  long  as  they  present  such  phenomena,  are  not  vegetable 
cells.  Moreover,  he  thinks  it  established  concerning  the  Phytozoa  in  general, 
that  in  certaia  stages  of  their  hfe  they  sometimes  belong  to  one,  and  in 
others  to  another  kingdom  of  nature,  or  are  so  nearly  allied  to  both  that  a 
separation  is  impossible. 

After  the  space  abeady  devoted  to  the  structure  of  ■Ohlamydomonas  and 
Chlamydococeus,  an  abstract  of  Perty's  long  contribution  on  the  subject  can- 
not_  be  introduced ;  and  indeed,  apart  from  his  different  intei-pretation  of 
their  vital  phenomena,  little  could  be  produced  not  included  in  Colin's  com- 
plete examination.  There  is,  however,  a  paragraph  in  Mr.  Carter's  just 
pubhshed  valuable  contribution  on  Eudorina,  refening  to  Chlamydococeus 
which  must  not  be  omitted.  He  writes  {A.  N.  H.  1858,  ii.  244)  :  "  Chlamy- 
dococeus imdergoes  the  same  kind  of  changes  in  development  as  Eudorina, 
from  which  it  only  differs  in  stnictiu-e  in  being  smaller  and  globular  instead 
of  ovoid,  in  the  absence  of  an  external  envelope,  and  in  the  ciha  of  the 
daughter-cells  being  included  within  the  parent-ceU ;  hence  it  also  differs  in 
bemg  motionless,  though  the  compartments  of  the  daughter-ceUs  are  suffi- 
ciently large  for  them  to  tmm  round  and  move  theii'  ciHa  freely  therein 
which  they  are  continually  domg.  The  primary  ceU  of  Chlamydocoecus,  like 
that  ot  Eudorina  divides  up  into  two,  four,  eight,  or  sixteen  ceUs,  and  those 
ot  the  eight-  and  sixteen-divisions  again  into  groups  of  sixteen  or  thii-ty-two 
each,  so  as  to  resemble  the  thii-d  stage  of  EiuLorina.  Hence  we  may  perhaps 
inter  that  its  fecimdating  process  is  similar  to  that  of  Eadorina-  -^yxt  tMs 

TtC^Z  ■  ^^'^T-^'^'^'^''''''  ^""^        ^  Sreat  tendency  to  stop 

at  the  two-  and  foiir-division,  from  wliich  it  may  pass  into  the  'still'  or 

oi  TZl  T'        ^T"^^  ^  ^  ^^"^'i  «f  present  cells 

mrhal^d  PnftTl  ^^'^^'^"If ^  '  In  all  its  m'ultipUcations, 

fom  anTip^r/l    ''^^^^^     F'^'^f^  "^^^^^^^^  its  primai-y  or  spherica 
onk  ^xcLS' T'f  §^-°^^P«  Eudoriia,-the 

only  exceptions  being  in  the  two-  and  four-division,  where  tlio  green  ceUs 

ZrZ:iS:Z"T  f      V™  "'^'^^     ^'^-^     the  parent  cS'sl  ,  a 
he  not  nil  ^  ^'''■•^^^^^•g  "^.C'.  Puhisc,d.m,  to  which  I  should  refer  it,  had 
rofoHJ  to  ^r""-  ""r  «?t^f°™  to  the  type-cell  of  this  species :  nor  can  I 
V  1  .nl 1  5  f°^in      the  changes  I  have  yet  scon  it  undergo,  the 

u-d  colour  has  not  increased  beyond  the  minute  eyo-sf,ot,  wliile  this  also  dis- 
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appears,  and  the  cilia  too,  Avhen  this  species  passes  into  the  '  still '  form. 
Here  it  undergoes  the  same  Idnd  of  division  that  it  docs  in  the  active  state  ; 
but  the  parent-cell,  instead  of  becoming  distended  by  imbibition,  remains 
closely  attached  to  the  daughter-cells,  so  as  to  give  the  group  a  mulbeny 
shape.  How  long  it  remains  in  the  '  still '  form  I  am  ignorant ;  but 
having  only  seen  it  in  the  active  state  diu'ing  the  months  of  May,  June,  and 
August,  and  throughout  the  rest  of  the  year  in  the  '  still '  one,  I  am  in- 
clined to  think  that  it  only  comes  into  the  active  state  during  the  summer 
months,  and  then  for  the  purpose  of  fecundation. 

"  In  several  instances,  also,  where  I  have  foimd  this  Clilmnydococ-cus  with 
Eudorina,  they  have  been  accompanied  by  long  Closterifonn  cells.  It  was 
the  case  in  that  above  mentioned,  where  the  latter  was  undergoing  impreg- 
nation. Some  of  these  have  an  eye-spot,  which,  with  the  natiu-e,  arrange- 
ment, and  general  aspect  of  their  iiaternal  contents,  shows  that  they  belong 
to  the  class  of  organisms  with  which  they  are  associated.  Their^  ceU-waU 
also  is  more  or  less  plastic,  or  was  so  when  they  were  assuming  this  spicular 
form ;  for  many  have  one  or  more  diverticida  extending  from  them,  some  are 
bifid,  and  a  few  irregularly  stellate.  What  they  axe,  I  know  not ;  but  Dr. 
Cohn  has  figTxred  the  same  kind  of  cells,  in  company  with  Sphceroplea  annu- 
lina,  under  impregnation." 

Mr.  Currey  {op.  eit.  p.  216)  has  noticed  and  figured  what  he  conceives  to  be 
a  generative  variety  of  Chlamydococciis  (XX.  24).  "  This,"  he  says,  "  I  take 
to  be  a  state  of  Chlamydococcus.  The  outer  membrane  was  colourless,  and 
the  two  internal  globular  cells  of  a  clear,  bright  ruby  crimson.  The  pecu- 
Karity  of  the  plant  consisted  in  the  fact  of  the  cell  beiag  fiUed  with  minute 
staff-like  subcyliadiical  bodies  in  active  motion,  precisely  similar  to  the 
spermatozoa  of  Vaucheria.  I  watched  these  bodies  at  intei-vals  for  about 
twenty-four  hours ;  and  the  motion  was  incessant.  At  the  end  of  that  time 
the  cell  slipped  amongst  some  other  Alga;  on  the  same  shde  and  was  lost. 
Whether  these  little  active  organisms  were  really  spermatozoa,  or  whether 
they  belonged  to  the  mysterious  boches  which,  in  some  way  or  another,  _ai-e 
supposed  to  find  their  way  fi'om  without  into  the  cells  of  Algse,  it  is  im- 
possible to  say." 

The  next  figm-e  (XX.  25)  is  also  copied  fi'om  Mr.  Currey,  and,  as  he  re- 
marks, evidently  "represents  the  final  stage  of  some  rolvocimcem  which  the 
gonidia  have  become  encysted."  We  aUude  to  it  here,  although  it  does  not 
belong  to  Ohlamydococcus.  Mr.  CuiTcy  observes  fiu-ther,  "  I  notice  it  be- 
cause the  encysted  cells  were  of  a  pale  yeUoA^ish-brown  colom-,  and  covered 
with  minute  pits  or  depressions,  and  Avere  altogether  difi'erent  from  those  ot 
any  other  Alga  Avith  Avhich  I  am  acquainted.  In  Pandorma  and  Stcphano- 
sphcera  the  restiag- spores  are  red,  in  FoJi'o.r  bright  orange;  and  m  neither 
case  are  there  any  such  marldngs  as  those  in  the  membrane  of  the  ceUs 
shown  in  the  figure  referred  to."  . 

GoNiUM  (XIX.  32-37).— This  genus  received  considerable  attention  ti-om 
Miiller  and  Ehrenberg.  The  latter  described  it  as  composed  of  sixteen 
Monads,  resembling  Ohlamydomonus  in  all  points  except  m  the  absence  ot 
an  eye-speck,  collected  together  in  a  quadrangular  tablet,  with  fi-om  tlii-ce  to 
six  intercommunicating  tubes  or  cords.  Each  Monad  Avas  said  to  be  enclosed 
in  a  hyaline  lorica,  called  here  a  mantle  {laccvna).  Avhich  it  could  at  times 
quit  •  also  to  have  two  filaments  (probuscides)  extended  fi-om  the  mouth,  re- 
presented by  a  clear  spot  at  tlieir  base ;  severid  clear  stomach-sacs,  a  con- 
tractile vesicle,  two  round  sexual  glands,  and  numerous  green  ova.  13etaclicd 
individuals,  he  added,  swam  like  Monads,  in  the  direction  of  the  longitu- 
dinal axis  of  their  bodies,  Avith  the  mouth  in  advance  ;  but  when  m  tablet- 
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like  colonies  sometimes  moved  horizontally,  at  others  vertically,  or  roUed  on 
their  edges  like  wheels  hy  the  aid  of  the  pair  of  vibratile  filaments  of  each 
member  projecting  from  the  smface. 

The  animal  organization  here  represented  is  now-a-days  generally  ignored, 
and  Gonium  takes  up  its  position  among  plants.  Prof.  Cohn  (to  whom  we 
are  so  much  indebted  for  om-  knowledge  both  of  Protozoa  and  Protophyta) 
has  contributed  a  valuable  paper  (Entiu.  cl.  milcr.  Algen  u.  Pilze)  on  this  in- 
teresting beiag,  of  which  we  shall  present  an  abstract. 

The  entii-e  oi-ganism  is  invested  by  a  coloiuiess  transparent  muco-gela- 
tinous  envelope  without  any  cellulose  limit-membrane,  whence  it  is  that  this 
common  envelope  has  frequently  passed  imobserved  unless  some  colouiing 
matter,  such  as  Indian  ink,  has  been  added  to  the  water. 

The  figm-e  varies  accorduig  as  the  plant  is  viewed  from  above  (on  its 
polar  aspect)  or  fi'om  its  side  (on  its  equatorial  aspect),  being  in  the  former 
point  of  view  a  quadiilateral  tablet  with  ti-uncated  angles  and  rounded  cor- 
ners (XIX.  32),  and  in  the  latter  a  flattened  spheroid. 

The  simple  or  primordial  cells  (XIX.  33)  enclosed  in  this  mucous  sheath 
are  sixteen  in  number,  disposed  in  a  uniform  manner,  so  that  foiu-  cells, 
leaving  a  square  interval  in  the  centre,  are  boimded  externally  by  twelve 
others,  three  of  which  form  one  of  the  four-  sides  of  the  organism  (XIX.  32). 
The  central  cell  of  the  thi-ee  is,  moreover,  not  in  a  line  with  the  other  two 
on  the  same  side,  but  set  nearer  to  the  centre  ;  hence  each  side  of  the  tablet 
is  hollowed  out  in  the  middle.  Closer  research  also  shows  that  each  of  the 
cells  is  not  spherical,  but  polygonal,  the  four  internal  being  six-sided  (hex- 
agonal), the  twelve  peripheral  five-sided  (pentagonal) ;  the  consequence  is, 
angular  intercellular  spaces  are  left,  the  central  of  aU  being  quadrangular-, 
and  aU  the  rest  triangular.  This  arrangement  of  the  primordial  cells  is 
normally  so  regular,  that  Cohn  represents  it  by  a  geometrical  diagram ;  still, 
in  aU  tablets  of  Gonium  this  is  not  the  case,  and  particularly  in  very  youno- 
specimens. 

The  regular  polygonal  contoiu'  of  the  cells  indicates  that  they  are  not 
mere  masses  of  soft  variable  protoplasm,  like  those  of  Steijlianosphcem,  but, 
on  the  contrary,  are  each  of  them  sirrrounded  by  a  coloiuiess,  hyahne,  deli- 
cate but  firm  membrane,  imposing  on  them  their  fixed  form  (XIX.  34). 
This  stnicture  indeed  is  not  generally  discernible,  imless  by  some  abnormal 
conditions,  or  by  the  occuiTenee  of  self-division  (XIX.  35),  in  which,  as 
only  the  green  contents  are  concerned,  it  comes  to  stand  apart  from  the  latter 
as  a  distinct,  sepai-able  sac.  It  can,  moreover,  be  demonstrated  by  crushing 
the  cells,  when  the  chlorophyU  escapes  thi-ough  the  rent,  and  leaves  the 
colourless  and  fi-actiu-ed  case.  Cohn  is  convinced  that  this  membrane  is 
composed  of  ceUulose,  although,  from  the  inability  to  isolate  them,  he  has 
been  unable  to  prove  it  by  chemical  reagents. 

Without  any  preparation  this  investing  membrane  can,  further,  be  detected 
at  the  angles  of  the  ceUs,  from  each  of  wliich  it  is  prolonged  in  the  form  of  a 
short  tubular  process,  empty  imd  colom-less,  the  contents  being  restricted  to 
the  general  caNity  of  the  ceU  (XIX.  34).  Each  ceU  sends  out  such  a  pro- 
cess from  Its  several  angles  to  unite  with  a  similar  one  from  each  contiguous 
ceU:  in  this  way  are  formed  the  intercurrent  cords  or  canals  aUuded  to  by 
Ehienberg.  It  foUows  also  from  this  structure  that  the  link  connecting  the 
angles  of  conjoined  ceUs,  belongs  one  half  to  one  and  the  other  to  its  com- 
panion-ccU. 

The  nature  of  the  Gomrm-cells  and  their  connecting  tubes  is  clearly  dis- 
play ccl  by  observing  the  changes  consequent  on  the  gradual  evaporation  of 
tlic  water  about  Ihem.    For  instance,  on  adding  salt  by  degrees,  a  portion  of 
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the  water  included  in  the  cells  is  witlidrawn,  whereupon  their  contents  con- 
tract themselves  into  a  globular  form,  revealing  the  investing  membrane  in 
its  entii'e  periphery.  Agam,  when  the  mucous  envelope  breaks  up  by  difflu- 
ence,  the  cells  show  a  tendency  to  separate :  the  link-like  cansds  are  first 
di'awn  out,  and  subsequently  give  way  at  the  point  of  jimction  of  the  two 
processes  which  form  them — and  this  "with  such  a  degree  of  elasticity,  that 
the  cells  appear  to  biu'st  from  one  another  Avith  a  spi-ing ;  and  thus  at  length 
the  entire  organism  is  resolved  into  an  irregular  collection  of  cells. 

In  the  immatiQ-e  peiiod  (XIX.  33-36)  the  outline  of  the  ceU-membrane  is 
spherical ;  for  the  angular  figure  and  the  development  of  the  junction-pro- 
cesses are  subsequent  phenomena.  Turther,  the  extension  of  the  processes 
at  times  goes  on  so  far  that  the  Gonium-ceils  at  fii'st  sight  appear  detached 
from  each  other  and  free,  which  is  never  the  case  natui-ally. 

In  other  points  of  organization  the  cells  of  Gonium  correspond  with  other 
loricated  swarm-ceUs,  particularly  with  those  of  Ghlcnnydomonas.  Their  con- 
tents consist  of  protoplasm  coloiu'ed  by  chlorophyll,  among  which,  in  older 
specimens,  are  numerous  corpuscles  (the  ova  of  Ehrenberg)  that  impart  a 
deeper  coloimng  ;  of  a  central  circumscribed  darker  corpuscle,  which,  as  par- 
ticipating in  every  act  of  fission  of  the  ceR,  must  be  esteemed  a  nucleus ;  of 
several  vacuoles,  often  numerous  but  occasionally  Avanting,  and  of  two  or 
three  shari^ly-defined  vesicular  spaces,  constant  in  position  at  the  base  of  the 
filaments  (XIX.  33).  The  last-named  are  the  locomotive  organs  of  the 
organism,  are  two  in  number,  and  proceed  from  the  protoplasm,  passing 
through  foramina  ui  the  special  ceH-AvaU,  and  afterwards  through  the  com- 
mon mucilaginous  envelope,  so  as  to  appear,  in  the  polar  aspect,  like  out- 
stretched fibres  from  the  tabular  organism. 

The  movements  of  Gonium  resemble  in  all  respects  those  of  Stephanosphoira 
and  Chlamydococcus  and  other  swarm-ceUs.  The  plant  revolves  on  its  short 
axis,  so  that  in  its  polar  aspect  it  appears  hlte  a  rotating  surface,  whilst  in  its 
equatorial  it  has  on  the  contrary  a  linear  outline. 

In  the  course  of  its  development  by  self- division,  neither  the  general  mu- 
cilaginous coat  nor  the  cell-membrane  is  concerned,  but  only  the  contents. 
The^ fission  into  16  segments  to  form  a  new  colony  has  not  that  simultaneous 
character  which  Ehrenberg  implies,  but  takes  place  by  four  stages  or  genera- 
tions, in  every  one  of  which  a  bisection  of  each  cell  abeady  developed  ensues 
(XIX.  35).  It  is  only  in  fuUy  developed  Gonwtm-tablets  that  seK-division 
is  effected— for  example,  in  such  as  have  ceHs  in  diameter,  aad  sepa- 
rated from  one  another  by  the  elongated  intercommunicating  processes,  and 
where  those  cells  have  the  disposition  described  as  characteristic. 

On  the  completion  of  the  act  of  self-division  by  the  construction  of  16 
small  cells,  these  are  found  occupying  just  the  same  relative  position  within 
the  membrane  of  their  parent-cell  as  do  the  members  of  a  perfect  Gomum 
(XIX.  36).  Amid  numerous  examples  of  the  plant,  specimens  may  be  met 
with  abnormal  iu  the  number  of  constituent  cells ;  for  iastance,  colonies  of 
only  8  cells  occur-,  which  are  explicable  on  the  supposition  that  the  la.st 
stage  of  fission,  L  e.  the  last  act  of  generation,  has  been  arrested,  and  only 
three  such  acts  completed.    The  Uke  irregulai-ities  are  often  noticed  m  other 

Yolvocinece.  ,     ,    .  ,  i 

The  primordial  cells  of  the  newly  generated  colomes  appear  unconnected 
with  each  other,  whilst  the  mother-cell  wall,  which  still  includes  them,  is 
considerably  distended  and  elongated  in  one  direction  (XIX.  30).  The  move- 
ment of  the  colony  as  a  whole  continues  until  the  last  stage  of  fission  is  coni- 
T5leted  whereupon  it  ceases,  and  the  newly  formed  groups  commence  a  movc- 
raent  within  their  enclosing  cell,  sotactimcs  presenting  themselves  in  on(> 
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plane  as  a  disc  formed  by  a  collection  of  green  globules,  at  others,  on  their 
edge,  looldng  little  more  than  a  green  line. 

At  length  the  mother-cell  ruptures,  and,  the  mucous  envelope  having  dis- 
appear-ed  at  a  previous  stage  (XIX.  37),  the  young  colony  escapes  into  the 
siuToimdiag  water,  moves  freely  about,  and  commences  an  independent  ex- 
istence. These  young  forms  have  usually  a  chameter  of  yuI}'  "-  Supposing, 
which  is  very  probable,  that  a  yoimg  Gonium  after  24  hoiu-s  is  capable  of 
development  by  fission,  it  foUows  tliat  imder  favoui'able  conditions  a  single 
colony  may  on  the  second  day  develope  16,  on  the  third  256,  on  the  foui'th 
4096,  and  at  the  end  of  a  week  268,435,456  other  organisms  like  itself. 
This  calculation  sufficiently  exphiins  the  extremely  rapid  multiphcation  of 
these  organisms,  coloiu'ing  a  collection  of  water,  floating  on  its  siu'face  as  a 
sciun,  or  settled  in  bad  weather  as  a  filmy  stratirm  at  the  bottom. 

The  cells  which  break  away  from  the  group,  and  so  leave  vacuities  in  its 
conformation,  resemble  in  their  isolated  condition  the  cells  of  C'hiamydomonas. 
Such  detached  cells  were  deemed  by  Ehrenberg  equally  capable  of  fission  as 
the  persistent  members  of  a  colony ;  Cohn,  howevei',  has  never  observed  the 
phenomenon,  and  believes,  on  the  other  hand,  that,  after  swarming  for  a  time, 
they  enter  into  a  state  of  rest,  and  by  shedding  their  locomotive  filaments 
assume  the  Protococcoid  state.  This  '  still '  form  of  the  Gonium-ceUs  is  in  all 
hlvelihood  also  entered  upon  when  the  water  in  which  they  live  is  dried  up 
and  the  functions  of  life  suspended ;  and  it  may  be  that  on  the  addition  of 
fresh  water  such  cells  give  issue  to  motile  forms,  and  thus  a  parallel  series  of 
changes  occur-  in  this  organism  to  that  observed  in  Steplianosplicera.  Never- 
theless a  resting-stage  of  Gonium  is  not  positively  demonstrated  ;  for  although 
analogy  is  ra  favour  of  it,  and  the  occurrence  of  Protococcoid  cells  in  com- 
pany with  the  ordinaiy  tabular  groups  suggests  the  probability  that  these 
are  '  stUl '  cells,  yet  the  absence  of  characters  to  distinguish  them  from  the 
swarm-spores  of  other  Algte  renders  their  determination  at  best  a  matter  of 
doubt. 

Development  by  fission  as  described  is,  therefore,  the  only  mode  proved  to 
exist ;  it  resembles  that  in  Chlamydococcus  and  Stephamopha-ra,  by  which 
macrogonicha  ai-e  formed.  The  production  of  microgonidia,  as  seen  in  both 
the  genera  just  named,  as  well  as  in  Eudorina  {Pandorina)  and  Volvox,  is  as 
yet  unlcnown  in  Gonium. 

Respecting  its  relation  to  other  Volvocinece,  it  is  to  be  observed  that, 
although  there  are  stiildng  differences,  there  are,  on  the  other  hand,  decided 
natui-al  afSnities  betwixt  them  and  Gonium.  Thus,  although  the  onvelope- 
ceU  IS  so  imperfectiy  developed  that  it  cannot  be  represented  as  a  special 
shut  sac,  as  m  the  case  of  Stephanospluera,  Ghlamydococeus,  &c.,  yet  it  is 
analogous  to  the  envelope-cell  of  those  genera  in  its  relation  to  the  eeU-eon- 
tents;  and,  besides,  m  the  case  of  the  intimately  allied  EudoHna  eleqam,  the 
common  envelope,  which  resembles  that  of  Steplumospha^m ,  is  foimd  first  as 
a  simple,  and  later  as  a  double  fine  ceU-membranc.    (In  Pandorina,  indeed, 

ra^mbrane^'  "'"'''^^"l'''  *°       '^^"^"^^  °^  )xmitmg 

anrtfo?;.^'  pnmordial  ceUs  of  Gomvm  are  enclosed  in  a  special  membrane, 
and  not  meie  globules  of  protoplasm  unprotected  save  by  a  pelliciUar  layer  of 

ncloTed  1  ''^T  '  '^"^l''"  ^'"^  6'o./««/(tlm  prirnorcUareelb 
Z  1  r-  f  the  cnvelope-coU  not  invested)  is  just  the  reverse  of 

r  f'"'^    'T''  and  StcphanosphaL    However,  the 

cxLstencc  of  a  membrane  aromid  the  primordial  cells  is  not  an  anomalous  cir- 
cumstance among  the  Volvodnea'.,  since,  in  certain  stages  of  development,  a 
lum  closely  applied  membrane  is  produced  around  Ihe  ceUs  of  tiie  other 
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genera — as,  for  example,  around  the  microgonidia  of  Ohlamijdococcus  when 
they  enter  on  their  resting- stage,  and  about  the  cells  of  Steplianosphuira 
when  prepaiing  to  leave  the  common  envelope.  But,  further,  in  these  in- 
stances, when  this  special  closely  applied  membrane  appears,  the  envelope-cell 
breaks  up  into  a  mucilaginous  layer,  and  then  presents  the  normal  condition 
of  that  of  Gonium.  In  other  structural  matters,  in  the  number  of  vibratile 
filaments,  and  in  the  history  of  development,  Oonium  entirely  accords  with 

the  other  genera.  tt-  7     •  -l 

After  this  review  of  the  affinity  of  Gonium  with  the  other  Volvoanece,  it 
follows  that,  like  them,  it  must  be  of  a  vegetable  nature,  although  cellulose 
has  not  been  detected  in  it.  Still  more,  the  evident  relation  of  Gonium  with 
Pediastrum  (II.  44),  the  plant-natm-e  of  which  no  one  at  the  present  day  wiU 
gainsay,  points  to  the  same  natiu-al  position.  It  agrees  mth  that  plant  in 
general  structure,  in  the  union  of  several  cells  in  one  plane,  in  the  number  of 
those  ceUs  and  in  their  seK-flssion  in  the  power  of  two,  in  the  development 
of  new  tablets  and  in  obedience  to  the  same  laws.  The  only  dLfference 
between  these  two  genera  is,  that  in  Pediastrum  the  swarming  of  the  cells, 
although  sm-rounded  by  a  common  envelope-ceH,  ceases  when  they  are  asso- 
ciated to-ether  in  a  tabular  form,— AvhHst  in  Gonium  the  reverse  is  seen  the 
power  of  motion  becoming  manifest  when  the  several  cells  are  in  combination. 
To  state  this  generaUy:  in  Pediastrum  the  individual  ceUs  swann,  and  the 
colony  is  quiescent ;  in  Gonium  the  colony  swarms,  and  the  qmescent  state 
of  the  several  cells  folloAVS  upon  their  separation.  ,        .  . 

However,  there  are  organs  in  Gonium  wHch,  did  they  admit  of  proot  as 
essentiaUy  animal  stractures,  would  be  fatal  to  all  these  arguments  for  its 
vegetable  natiu-e.  These  are  the  two,  or  more  rarely  thi;ee,  permanent 
vacuoles  visible  near  the  origin  of  the  vibratHe  filaments,  which  are  seen  to 
Contract  and  expand  alternately  within  a  brief  mterva  .  These  contracta^e 
vesicles  have  a  sharp  outhne,  are  colouiiess,  and  look  hl.e  clear  rings  m  the 
Tdst  of  the  green  cells.  To  detect  them  and  then-  movements  the  most 
translucent  and  large  cells  must  be  chosen  ;  they  must  also  be  perfectly  stiU, 
and  He  flat  upon  thi  glass  slide,-an  object  attainable  by  a  partial  evaporation 

The 'two  vlcudes(XIX.  33)  are  but  Httle  apart,  equally  clear  and  1^-ge, 
and  apparently  unconnected.  Their  action  is  alternate,  each  vacuole  imder- 
gSig^a^  systole  and  diastole  in  succession,  whilst  the  time  occupied  by  he 
Se,  by  the  chastole,  and  by  the  inten-al  is  equal    The  same  equality 

tYm  obtains  also  between  the  two  vacuoles  of  the  same  cell.  _  Likew.se  a 
Siiformity  prevails  among  the  different  cells  of  the  same  Gonmm,  but  not 
amongVe  cells  of  different  specimens;  and  Cohn  holds  the  occiu-rence  of 
rhythmical  contractions  of  these  vacuoles  as  a  weH-estabhshed  fact. 

ThZe,  therefore,  are  pulsating  spaces,  filling  up  mth  -^^^  .^^^  after  a 
time  expelling  it,  and  agtee  in  aH  points  with  the  so-caUed  '  seminal  vesicle 
of  Ehr?nberg  (the  contractile  sac  or  vesicle  of  other  authors)  ^ot 
emated  Infusoria.  Cohn  next  proceeds  to  discuss  the  question  if  these  p  d- 
sS  sacs  are  to  be  considered  exclusively  animal  organs,  and  arrives  at  the 
condusfon  that  they  cannot  be  so  considered,  and  cannot  be  aPPO'^l^d  to  in 
fhe  decisk.n  of  the  Question  of  the  animal  or  vegetable  natm-e  of  any  doubtful 

''^ro'c^nclude  this  complete  history  of  Gonircm,  as  absta-acted  from  Cohn' s 

1  SvnTe  essay  we  must  add  that  the  description  applies  only  to  Gonnm 
elaborate  essay  we  m  ^^^^  ^^^^  ^  ^^^^ 

of  tie  genus  Merismospcdia  of  the  PalmeUacca^. 
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Pandomna  (XIX.  59-G9 ;  XX.  22,  23).— This  genus  has  recently  been 
very  carefully  and  thorouglily  examined  by  Prof.  Henfrey  {J.  M.  S.  1856, 
p.  49)  in  an  able  memoir,  of  Avhieh  Ave  shall  make  free  use  to  supply  our 
readers  with  a  satisfactoiy  description  of  tliis  interesting  and  beautiful  or- 
ganism. The  specimens  examined  were  of  the  species  Pandorina  Morum, 
of  which,  as  Prof.  Henfrey  justly  remarks,  the  description  "  given  by  Ehren- 
berg  is  so  incorrect,  that  no  one  would  be  able  to  determine  the  organism  by 
its  aid ;  but  the  figm-es  in  the  Infusionsthierchen,  although  rude,  are  sufficient 
for  identification."  Dujardin  contributed  nothing  to  our  knowledge  of  this 
genus,  which  he  treated  as  one  with  Eudorina,  objecting,  veiy  justly,  to  the 
worthlessness  of  the  red  speck  as  a  distinctive  generic  character  between  them. 

Prof.  Henfrey's  account  is  so  succiact  that  it  admits  of  no  abridgement,  we 
are  therefore  induced  to  present  it  entire.  "  The  forms,"  he  writes  (p.  50, 
op.  eit.),  "presented  by  this  organism  are  exceedingly  varied ;  and  nothing 
can  be  more  beautiful  than  a  number  of  them  revolving  slowly  on  their  long 
axes  in  a  drop  of  water,  as  seen  imder  a  power  of  about  100  diameters.  In 
the  fii'st  place,  the  perfect  form  exhibits  two  patterns  (shown  in  XIX.  figs. 
59  and  60) ;  and  there  are  minute  counterparts  to  these,  remaining  in  that 
state,  while,  in  the  water  where  the  species  is  actively  multiplying,  all  sizes 
between  fig.  64,  just  emerged  fi-om  the  parent  frond,  and  the  full-grown  form, 
figs.  59  and  60,  &c.,  occur.  The  form  Avith  32  gonidia  results  from  the  cell- 
division  going  on  one  stage  further  than  in  the  form  Avith  1 6  ;  but  this  dif- 
ference is  fixed  diuiug  the  earliest  stages  of  development,  as  the  form  Avith 
16  never  changes  into  that  Avith  32  after  it  has  become  free  fi-om  the  parent. 
In  the  perfect  forms  the  gonidia  are  an-anged  near  the  periphery  of  the  frond, 
in  circles,  like  the  equator  and  parallels  of  latitude  on  a  globe, — so  that  Pan- 
dorina resembles  Cohn's  Stephanosphoira  more  closely  than  any  of  the  other 
VolvocinecB,  that  haAdng  a  single  equatorial  ring  of  gonidia  in  its  globular 
frond.  Among  the  forms  Avith  the  isolated  gonidia  oeciu'  others  almost  equally 
numerous  Avith  the  gonidia  collected  together  into  berry-like  heaps  (figs.  65- 
68) :  these  are  smaller  than  the  others,  but  equally  varied  in  dimensions  • 
theii'  gonidia  resemble  those  of  the  other  form;  they  appear  destined  to 
fonn  the  resting-spores. 

"  The  gonidia  are  almost  globular ;  they  have  no  proper  membrane,  but 
consist  of  a  gelatinous  granular  substance  which  contains  a  thinner  flmd  in 
the  centre,  as  it  contracts  strongly  by  exosmosis  Avhen  strong  saline  solutions 
are  apphcd.  There  is  a  large  nucleus-like  body  (the  chlorophyU-vesicle  of 
A.  Braim)  at  the  posterior  end  of  the  gonidium  (fig.  61)  ;  and  at  the  opposite 
side  IS  a  short  beak-Uke  process,  Avith  a  colourless  space  behind  it :  the  pair 
of  cilia  arise  hero ;  and  a  little  to  one  side  and  beloAV  these  is  the  reddish- 
brown  granule  caUed  the  '  eye-spot.'  We  have  never  been  able  to  observe  a 
piUsatmg  vacuole,  as  doscnbed  by  Busk  and  Cohn  in  Volvox  and  Gonium 

"  The  gclatmoiLs  frond  appears  to  be  perfectly  homogeneous,  without  any 
boundaiy  membrane.    Iodine  and  sulphmic  acid  do  not  colom-  it  blue     It  is 
tolerably  rcsistcnt,  and  appears  solid,  as  it  docs  not  give  way  or  become 
mdented  by  external  pressm-e,  as  is  the  case  Avith  the  hoUow  fi-ond  of  Voho.v 
Ihe  fronds  are  multiplied  by  the  conversion  of  the  gonidia  into  new 

rZ  H\  i  r'"'"'^  ''^  "^^''5^      tl^''  fronds  may  be  found  at 

rest  a  the  hot  om  of  the  vessel  (m  the  daytime  they  assemble  at  the  side 
next  the  hght),  motionless,  and  AAith  the  gonidia  rounded  and  deprived  of 
their  nucleus  By  covering  up  the  bottle  from  the  light,  the  development  of 
the  new  f.-onds,  which  natui'ally  takes  place  very  eariy  in  the  morning,  may 
be  retarded,  so  as  to  be  foUoAved  during  the  morning  until  noon.  Some^f  the 
fronds  may  bo  found  with  the  gonidia  converted  into  berrv-Hkc  heaps  (fig  G->) 
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others  with  the  gonidia  already  distinct  (flg.  63),  while  many  parent  fronds 
present  the  young  fronds  more  or  less  regularly  arranged  in  the  softened 
and  expanded  parent  mass,  which  ultimately  dissolves  and  sets  them  free 
(figs.  64,  65).  They  then  increase  in  size  in  proportion  to  the  favourable 
conditions  in  which  they  are  placed.  I  have  never  seen  anything  like  what 
are  described  by  Cohn  in  Stephanosphaira  as  '  microgonidia.'  In  a  letter  re- 
ceived from  Professor  A.  Braun  since  the  above  was  -written,  he  speaks  of  the 
forms  Avith  small  gonidia  (fig.  64)  as  the  '  microgonidial '  form. 

"When  kept  for  some  weeks,  an  increasing  quantity  of  fronds  became 
accumulated  at  the  bottom  of  the  water,  and  these  chiefly  of  the  character 
shown  in  fig.  66,  but  devoid  of  cilia ;  and  while  many  of  them  decayed,  in 
others  the  gonidia  became  encysted  so  as  to  form  globular  cellules.  Left  for 
a  fortnight,  the  water  was  found  without  a  trace  of  green  coloiu-,  with  merely 
a  brownish  sediment  at  the  bottom,  upon  examining  which,  it  was  found  to 
contain  a  large  number  of  berry-like  forms  with  the  gonidia  not  only  en- 
cysted, but  with  their  contents  converted  into  a  red,  oUy,  granular  substance 
(figs  67,  68),  as  in  the  resting- spores  of  many  Coufervoids.  The  gelatinous 
fi-ond  was  here  almost  dissolved  away ;  and  a  sHght  pressure  was  sufficient  to 
detach  and  separate  the  cellules,  wMch  are  doubtless  resting-spores  (fig.  69) 
and  destined  to  become  subsequently  developed  into  new  fi-onds.  This  remains 

to  be  decided.  t  ^■  j-  , 

"  The  organism  thus  described  is  a  well-marked  and  distmct  species,  very 
different  fii-om  Volvox  and  Goniwn,  but  approaching  near  to  Stephanospliam . 
The  form  which  produces  the  resting-spores,  after  losing  its  cilia,  is  Kutzing's 
Botrvocvstis  Momm.  I  have  met  with  a  form  hke  this  not  imfiTquently,  but 
never  before  with  the  perfect  Panclorina.  Mr.  PoUock  tells  me  that  he  has 
coUected  from  the  same  pond  for  some  years  past,  but  never  found  Pandonna 
before  and  yet  it  colours  the  water  green  this  season.  FoZ^^o.r  seems  in  hke 
manner,  to  come  and  go  at  intervals  of  years,  its  revivification  fi.-om  the  rest- 
ing-spores depending  much  on  external  conditions  " 

Mr  Currey's  valuable  contribution  to  oiu'  knowledge  of  the  Bntish  fi-eshwatcr 
Alo-fe'  (IMS  1858,  p.  213)  furnishes  the  foUowing  memoranda  on  Pan- 
dorina    '  He  writes—"  In  speaking  of  the  reproduction  of  Pandonna,  Mr. 
Henfrey  mentions  two  processes:  1.  the  conversion  of  each  gomchum  into  a 
new  frond  within  the  parent  mass  ;  and  2.  the  conversion  of  the  gomdia  into 
encysted  resting-spores,  which  are  set  free,  and  subsequently  germinate^  to 
produce  new  fi'onds.    Upon  tHs  I  may  remark,  that  the  process  of  beconung 
encysted  does  not  invariably  take  place  loitlun  the  parejit  frond  for  I  have 
seen  the  gonidia  of  Pandorina  escape  from  the  parent  frond  in  the  foim  ot 
membraneless  active  zoospores  .;  and  although  I  was  not  fortimate  enough  to 
trace  the  subsequent  fate  of  these  zoospores,  the  probabihty  is  that,  hke  those 
of  Ghlamydococcv.  and  Gomr.n,  they  would  become  encysted  at  a  subsequeut 
period,  as,  without  undergoing  this  process,  it  is  difficult  to  see  how  the,  mild 
TOoduce  new  fronds.    This  mode  of  escape  of  the  _ zoospores  seems  to  thiow 
Sn  e  doubt  upon  the  suggestion  of  Mr.  Henfrey  with  regard  to  the  natiu-e  of 
She  Ln  of  Pandorina,  which  he  considers  to  be  soHd,  inasmuch  as  it  does  not 
live  way  or  become  indented  by  pressiu-e,  as  is  the  case  with  the  hoUow  frond 
of  F^X     If,  however,  the  frond  were  soUd,  the  zoospores  could  not  well 
?.cnT)c  except  by  its  gradual  dissolution  ;  but,  in  the  instance  I  have  mcn- 
Sd  the  escape  certainly  took  place  by  a  rupture  (as  may  often  be  seen 
rrV!         and  not  by  a  gradual  process  of  dissolution.    In  a  paper  on 
vlZllZij  t.  EresLius,  in  the  second  volume  of  the  Transactions 
S  tL  SeX  S  Natural  History  Society,  he  speaks  o  the  easy  escape  of 
1  ceUrof1^1:««°P^'-'«'-«'^  as  being  evidence  against  the  existence  m  that 
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Alga  of  any  firni  covoring,  and  ho  draws  a  distinction  in  this  respect  between 
Gonium  and  Pandor'ma.  My  observation,  however,  leads  me  to  think  that 
Pandorina,  as  far  as  relates  to  its  coat,  does  not  substantially  differ  from 
Voh'ox  and  Gonium.  Besides  the  nature  of  its  coat,  there  are  some  other 
points  of  structiu'e  in  Pandorina  reqim-ing  fiu'ther  examination  and  ehicida- 
tion.  Ehrenberg  stated  that  the  gonidia  of  Pandorina  have  one  cilium,  and 
no  eye-spot,  a  view  adopted  by  Ercsenius  in  the  paper  I  have  alluded  to. 
Foeke  and  Dr.  Braun  considered  Ehrenberg's  observations  inaccurate,  and 
;Mi'.  Henfi-ey  agrees  with  them.  As  far  as  my  observations  go,  I  should  say 
that  the  gonidia  have  usuaUy  two  cilia,  but  that  they  frequently  have  no  eye- 
spot.  Ml'.  Honfi-ey  has  never  been  able  to  observe  a  pulsating  vacuole,  nor 
was  any  such  vacuole  visible  in  my  specimens.  Dr.  Presenius,  on  the  other 
hand,  has  obseiwed  one,  sometimes  two,  such  vacuoles ;  and  he  remarks  that 
cilia  and  red  spots  are  subject  to  considerable  variation,  and  suggests  that 
Stephanosi^haira  and  Volvox  are  probably  the  only  distinct  forms  to  be  met 
with  in  the  Voluocinece.  I  should  protest  against  including  Gonium pectorale  in 
the  same  genus  as  Stephanosphcera  ;  but,  with  this  exception.  Dr.  Eresenius's 
suggestion  is  probably  correct.  If,  however,  Stephanospluera  and  Pandorina 
ai-e  only  forms  of  the  same  plant,  the  generic  name  '  Steplianosphmra '  must 
give  place  to  'Pandorina,'  the  latter  being  of  much  earlier  date." 

According  to  Braim  (Rejuv.,  R.  S.  p.  21,  note),  the  colonies  of  Pandorina 
revolve  always  to  the  right ;  but  Prof.  Henfrey  corrects  this  statement,  assert- 
ing that  they  change  the  direction  constantly.  Another  circiunstance  re- 
marked by  Braim  is,  that  both  the  bii-th  of  the  fii-st  generation  of  gonidia, 
and  the  production  of  the  succeeding  generations  by  the  division  of  the  earher^ 
occiu-  in  the  morning  after  noctumal  preparation  (p.  224),— a  cii-ciunstance' 
mdeed,  which  prevaHs  in  aU  the  Volvomiece.  We  must  also  note  that  amont^ 
the  many  phases  of  development  of  Chlamydococcus  pluvialis,  Cohn  discovera 
two  comparable  in  fonn  to  Pandorimi  Morwm  and  to  the  Boirvocvstis  Volvox 
of  Kiitzing  {op.  cit.  R.  S.  p.  559).  ^ 

The  late  valuable  contribution  of  Mr.  Carter  on  Eudorina  (Pandorina) 
r.  ;  ,    V  '     P'  ''^^^^  especial  attention  as  con&'matoiw  of 

Cohn  s  discoveiy  of  the  sexuahty  of  Vohox,  a  paraUel  fact  to  that  he  had  pre- 
viously made  out  in  the  case  of  certain  indubitable  Alga3.  Mr  Carter  identi- 
fies the  organism  he  has  stuched  with  the  Eudorina  elecjans,  Ehr  a  species 
which  naturahsts  at  the  present  day  refuse  to  consider  actuaHy  distinct  from 
Pandorma  morum  inasmuch  as  the  soHtaiy  character  upon  which  the  sepa- 
ration was  made  by  Elii-enberg,  viz.  the  presence  of  a  red  speck  in  EadorL, 
IS  weU  known  to  have  no  pretensions  to  a  specific,  and  stiU  less  tlierefore  to 
a  genenc  chamcter.    Indeed,  Mr.  Carter  liimself  treats  the  '  eye-S  '  if  not 

iant-lifc    foi  m  the  veiy  paper  under  notice  he  puts  forward  tlio  nueiw 
Does  not  the  disappearance  of  the  eye-spot  in  the  '  stiU '  form  th  s  seem  to 
pom  out  Its  analogy  ^vlth_the  bright  colours,  especially  the  JeS  presented  by 
cye  5  InimSs' '^"^"^  of  fecuidatiol,  rather  tCSh  th'e 

poInt'^sZnTrnMf  ^  7",?  ^f'  T'f''''  P^P^^'      M^'-  Ca^'t^r  as  an  im- 

shX^ftr  nn  w7  ^^T™  "f         repetition,  we 

rd  tl^e  mo  0  so  n  V  T^^^'f  researches  and  opinions  in  his  mm  words, 
tX  ver^^miSo W«  ^  '™  of  proceechng  and  manner  of  description  do  not 

we  should  tS^^H.  !  ^^""t^"™*^'"'  "  to  the  fecundation,  it  is  desii-able  that 
M  0  should  tiace  the  development  of  Endo>-inn  up  to  this  point :  but  not  havin- 
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been  able  to  recognize  this  organism  in  its  simplest  form  (that  is,  as  a  solitarj- 
single  cell),  nor  any  stage  of  its  segmentation  prior  to  the  third  degree  of  du- 
pHcative  subdivision  (that  is,  into  16  ccUs,  when  the  mother- covezings  have 
dropped  off),  I  must  begin  from  this  period. 

"  At  this  time,  which  we  will  call  the  fii'st  stage,  the  Euclorina  consists  ot  an 
ovoid  green  body,  partially  divided  into  the  number  of  cells  just  mentioned, 
each  of  which  is  provided  with  a  pair  of  cilia  which  project  tlii-ough  a  thm 
gelatinous  envelope  that  surrounds  the  Avhole  mass.  It  is  now  in  its  smaUest 
size,  about  5-5400ths  of  an  inch  long,  that  is,  not  more  than  the  diameter  of 
the  'Chlamydococcus-cell,  and  swims  by  means  of  its  cilia,  ynfh  the  smaU  end 
foremost,  and  with  a  rotatory  motion  on  its  longitudinal  axis,  as  often  irom 
right  to  left  as  from  left  to  right.  An  eye-spot  is  also  present  m  each  ot  the 
four  anterior  cells,  but  seldom  visible  in  the  rest  at  this  period.  _ 

"  As  the  development  progresses  and  the  Euclorina  increases  in  size,  the  di- 
vision becomes  complete,  and  each  ceH,  in  addition  to  the  granular  mucus  and 
chlorophyU  which  line  its  interior,  may  now  be  seen  to  be  provided  mtemaily 
with  a  spherical  translucent  utricle  (wliich  is  the  nucleus),  an  eye-spot  sitii- 
ated  peripherically  and  midway  between  the  ciHa  and  the  opposite  end  ot  tne 
ceU,  a  contracting  vesicle  at  the  base  of  the  cilia,  and  the  pair  of  ciha  them- 
selves. Each  pair  of  cilia  passes  out  thi-ough  a  single  channel  m  the  geiaU- 
nous  ceU  or  envelope,  which  has  now  become  much  thickened— and  thustheii- 
movements  are  limited  up  to  this  point,— while  a  defined  line  mtemaily  marks 
the  boundaiy  of  the  oiiginal  ceU-waU,  thi'ough  wHch,  of  course,  the  ciha  also 

During  the  second  stage,  each  of  the  cells  again  imdergoes  duplicative 
division  (the  nuclei  having  been  doubled  previously)  ;  andthe  who  e  orgamsm 
becoming  larger,  they  are  separated  from  each  other,  and  bemg'  no  longer  sub- 
iect  to  the  compression  which,  with  the  lines  of  fissiparation  tending  towards 
the  centre  of  the  ellipse,  and  their  confined  position,  mduced  a  more  or  less 
conical  and  polygonal  shape,  now  become  spherical  and  enclosed  respective^^^ 
within  distinct  transparent  capsules.    The  Eudonna  is  now  30-540pths  oi  an 
M  long,  and  contaL  thirty-t^vo  green  cells,  which  are  T^ently  srtaated 
Stween  two  large,  ovoid,  colourless,  transparent  ceUs,  one  f  J^^^^^^^f  ^ 
similarly-shaped  cavity  in  the  centre  of  the  Eac  on^ut,  and  the  other  is  he 
oiSinal  cell-wail,  round  wliich  again  is  the  newly  secreted  envfpe.-while 
?h 'green  ceUs  ai'e  further  fixed  in  their  respective  positions  by  the  passage  o 
theii  ciha  through  the  two  latter,  both  original  ceU-wall  and  envdope  ihixs 
we  see  that  the  Eudorina  is  derived  from  a  ^^^^Pl^  (da^tgMji^-)^^^^^^^^^^ 
its  green  ceUs  have  resulted  from  a  duplicative  subdivision  of  the  g^een  natter 
wMch  Uned  the  cavity  df  this  ceU.   Arrived  at  this  s  ate,  which  P  e- 

sently  see  is  that  of  matmity,  we  also  observe  that  the  postenor  pait  of  the 
envelope  becomes  cremilated,  apparently  fi'om  flaccidity. 

"  After  tliis,  however,  it  again  presents  another  phase,  ^^^h  °iay  be  caliea 
the  thhd  or  last  stage  of  development.  Here  each  <^^^l^S^}^^Z^ZV^^ 
duplicative  subdivision  into  sixteen  or  thii'ty-two  ceUs  Avhich  n  tlve  gn^uj^; 
nZme  a  more  or  loss  oblong  figui-e  respectively;  and  thus  the  Eudonna  s 
Sris  Slased  to  50-5400ths  of  an  inch.    The  f-^^!; 

E^liJrr^newS^ 
o.  3'  and  the  Eudorina  thus  eventually  perishes. 
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"  "VSTien,  however,  the  process  of  impregnation  takes  place,  the  division  stops 
at  the  second  stage, — that  is,  when  the  Eudorina  consists  of  thii'ty-two  cells  of 
the  largest  Icind,  each  of  wliich  is  about  l-18G6th  of  an  inch  in  diameter 
■nithin  its  capsiile,  which  is  therefore  a  little  larger.  The  process  is  as  follows : — 
At  a  certain  period  after  the  second  stage  has  become  fully  developed,  the 
•ontcnts  of  the  foiu-  anterior  cells  respectively  present  lines  of  duplicative  sub- 
division which  radiate  from  a  point  in  the  posterior  part  of  the  ceU  (and  this 
distinguishes  this  subdivision  from  that  which  took  place  in  the  original  cell 
from  which  the  Eudorina  was  derived,  and  that  which  takes  place  in  the  thii'd 
or  last  stage  of  development  just  described,  where  the  lines  of  fissiparation 
tend  towards  the  centre  of  the  ellipse  or  ovoid  cell).  These  lines,  which  ulti- 
mately chvide  the  green  contents  of  the  cell  into  sixty-four  portions,  where 
the  division  stops,  necessaiily  entail  (from  their  radiating  from  a  point  and 
terminating  a  httle  beyond  the  centre  of  the  ceU)  a  pyriform  shape  on  the 
segments,  from  whose  extremities  a  mass  of  ciha  may  be  observed  waving  in 
the  anterior  part  of  the  cell  of  the  parent,  while  yet  her  own  pair  of  cilia  are 
in  active  motion,  and  her  eye-spot  still  exists  in  situ  on  one  side  of  her  pro- 
geny—thus shoAving  that  the  latter  may  be  almost  fiilly  formed  before  the 
parent  polishes.  At  length,  however,  this  takes  place,  and  the  progeny,  wliich 
we  shall  henceforth  call  '  spermatozoids,'  separate  from  each  other,  and  finding 
an  exit,  probably  by  rupture,  thi-ough  the  effete  parent-cell  and  her  capsule, 
soon  become  dispersed  throughout  the  space  between  the  two  large  ovoid  cells 
mentioned,  where  they  thus  freely  come  into  contact  with  the  capsules  of  the 
twenty-eight  remaining  or  female  cells. 

The  form  of  the  spermatozoid  now  varies  at  every  instant,  from  the  activity 
of  its  movements  and  the  almost  semifluid  state  of  its  plasma  ;  and  therefore, 
if  we  had  not  seen  it  in  the  parent-ceU,  it  would  be  very  difficult  to  define 
what  this  form  really  is.  Its  changes  in  shape,  however,  are  confined  to 
elongation  and  contraction,  like  those  of  Euglena  viridis,  and  not  polymorphic 
like  those  oi Amoeba;  hence  it  is  sometimes  Hnear-fusiform  or  lunular  at 
others  pyriform,  short,  or  elongate.  The  centre  of  the  body  is  tinged  green 
by  the  presence  of  a  little  chlorophyll,  whHe  the  extremities  are  colom-less  ; 
the  anterior  one  bears  a  paii-  of  ciHa,  and  there  is  an  eye-spot  a  Httle  in  front 
of  the  middle  of  the  body,  also  probably  a  nucleus.  Thus  we  have  a  product 
widely  different  from  the  common  cell  of  Eudorina.  It  is  about  1 -2700th  of 
an  inch  long,  and  l-10,800th  of  an  inch  broad. 

"  Once  in  the  space  mentioned,  the  spermatozoids  soon  find  their  way  amon» 
the  female  ceUs,  to  the  capsules  of  which  they  apply  themselves  most  vigor- 
ously and  pertmaciously,  flattening,  elongating,  and  changing  themselves  into 
vanous  forms  as  they  ghde  over  their  surfaces,  until  they  find  a  point  of  in- 
gress when  they  appear  to  sHp  in,  and,  coming  in  contact  with  the  female 
theV^mnWoll  substance  as  by  amalgamation.  I  say  '  appeal','  because, 
the  female  cells  as  weU  as  the  spermatozoids  being  so  small,  so  nmnerous  and 
so  nearly  grouped  together,  and  there  being  no  point  hke  ;  miciSe  that  I 
ltotTSli:fJ'''  ''ff'^  continuallyWrgoing  more  or  Eota  ton 
bnd  W  f  T  seen  the  act  of  union  take  place  as  if  there 

spei^at^zS  as  ^  ^"^^  entrance  of  the 

TtTea  Se  to  Z  Z      T  °f  (Edocjonium.    But  the  act  itself  does 

Tn  whTrth  L  1  ftH '  r"       '"''f '^^y      ^^^'^         «f  the  way 

havlirtlards  £  f     ^   ""''^''^'''"^^  t^^'^""  V^^^^^  ^atui-e,  and  their  be- 
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frequently  be  seen  to  dimmish  as  they  pass  backward  among  the  female  cells, 
when  their  disappearance  can  only  be  accounted  for  by  their  having  become 
incorporated  with  the  green  ceUs.   Eiidorina  in  this  stage  also  may  frequently 
be  seen  with  aU  the  fotu-  anterior  cells  absent,  and  only  a  few  speiTuatozoids 
left  most  of  which  are  motionless  and  adherent  to  the  capsules, — indicating 
that  the  rest  have  disappeared  in  the  way  mentioned.   Lastly,  many  Eudorirm 
in  this  stage  may  be  observed  vpith  not  only  the  four  anterior  cells  absent,  but 
with  hardly  a  single  spermatozoid  left,— inchoating  that  the  whole  had  pa-ssed 
into  the  female  ceUs,  or  had  become  expended  in  the  process  of  impregnation 
I  have  never  seen  any  spermatozoids  in  the  central  or  axial  cavity,  nor  do  I 
think  that  there  is  a  means  of  their  escaping  extemaUy  without  ruptui-e  ;  so 
that  their  being  confined  to  the  space  between  the  two  ovoid  ceUs  of  the  Eii- 
clorina,  where  the  green  ceHs  are  situated,  is  another  reason,  if  any  more  be 
needed,  for  considering  them  fecundating  agents. 

"  What  changes  take  place  in  the  Euclorina  after  this,  I  have  not  been  able 
to  discover.    At  the  time,  the  female  ceUs  appear  to  become  more  opake  by 
the  incorporation  of  the  spermatozoids  ;  and  the  crenulated  state  of  the  poste- 
rior part  of  the  envelope  in  this  stage  seems  also  to  indicate  an  approach  to 
disintegration.    I  have  also  observed  that  those  Eudo7-{nce  which  are  under- 
going, or  apparently  have  undergone  impregnation,  are  less  active  than  the 
?est— that  is,  those  in  which  the  spermatozoids  are  scattered  throughout  the 
interspace  mentioned  and  applying  themselves  to  the  capsules  of  the  gTeen 
cells  and  those  in  which  there  are  only  a  few  spermatozoids  left,    iiut  even 
if  they  did  become  chsintegrated,  the  latter,  when  fi-ee,  would  so  closely  re- 
semble those  of  OMamydococciis,  which  was  also  abundantly  present  that  un- 
less the  Eudorina  could  be  found  undergoing  impregiiation  by  itsell,  or  apart 
from  this  organism,  there  appears  to  me  no  chance  of  distogiushing  the  two 
and  therefoi^e  no  other  means  of  completing  this  part  of  its  history.    It  is 
?nie  that  the  impregnated  cells  may  undergo  some  change  m  form  similar  to 
those  of  VoZ.o.r  glohftor  after  impregnation ;  but  I  think  I  should  have  seen  Ins 
among  the  numbers  which  came  under  my  observation  if  it  had  been  the  case^ 
"  While  undergoing  impregnation,  the  female  ceUs  always  contam  from 
two  to  four  nuclef,  as  if  preparatory  to  the  thu-d  stage  of  development,  mto 
wHch  tW  are  sometimes  aLaUy  seen  passing,  with  the  spematozoids  iire- 
sent  and  Mattered  among  them;  but  the  effect  of  impregnakon  generaUy 
seems  to  arrest  this  stage,  and  thus  save  the  species  from  that  minute  divi- 
sLTwhicl  leads  to  the  d^stmctive  termination  of  Eadorma  ah-eadj  noticed 
"  Sometimes  all  the  ceHs  together  imdergo  the  spermatoid  fissm-ation  w^^^^^^ 
the  Eudorina  passes  into  Pandorina  Morum,  Ehi-. ;  but  in  thij  c«s«  th«  de- 
velopment does  not  stop  at  the  pyi'iform  spermatozoids  but  goes  on  to  the 
devebpment  of  thirty-two  larger  globular  ceHs  in  ea.h  8™J' 
those  produced  in  the  tHrd  stage  of  Eudoinna  above  desciibed  when  they 
Assume  respectively  a  dome-shaped  form,  held  together  by  a  membrane  wh  eh 
is  feed  to  the  pohit  in  the  posterior  extremity  of  the  ceU  from  which  the 
iLS  of  fissiparftion  fii.t  radiitod.    As  the  groups  however,  W^F^^^ 
vSonment  this  dome  appears  to  become  flatter,  and,  the  Eudorina  bieakmg 
Tr,  STu  the  tWrd  stage  these  groups,  when  hberated,  finaUy  appeal-  to  pass 
S^Te  forrof  Ganmm  when  I  think  they  perish  Uke  tbe  corresponding 
Slunrof  th^  third  stage.   I  did  not  obsen-e  this  development  (in  which  may 
Slid  some  abnormal  states,  where  only  one  or  two  of  the  spemati 
Slk  fa  1  and  one  or  more  of  the  female  cells  take  on  this  mode  of  fissiparation 
WlvT  mtn  the  normal  one  of  impregnation  ceased  to  appear.  Ehren- 
irregularly)  "^^H  f  ?  ^^.^J^^  ^^^^  of  Pandorina  ^nc\  Eudorina  single  cilia,  as 
'h^bXrE  l!;ranS  -ng  in  Wng  out  the  eye-spo,  botb 
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of  which,  though  disappearing  iiltiraately,  indicate  the  continued  life  of  the 
pavent-ceU,  as  in  the  development  of  tlie  spermatozoids,  long  after  the  forma- 
tion of  her  progeny. 

"  Thus  the  process  of  impregnation  in  Eadorina  agxees  closely  with  that 
described  by  Dr.  F.  Cohn  in  Volvox  glohator,  in  which  organism  I  had  seen 
some  of  the  cells  of  the  interior  undergoing  a  spermatoid  development  exactl}'^ 
like  that  above  described,  and  also  that  previoiLsly  figured  by  Mr.  Busk,  and 
alluded  to  by  him  as  one  of  '  microgonidia ; '  and  therefore  the  moment  I 
perceived  it  in  Eiidor'ma,  in  connexion  with  Dr.  Cohn's  announcement,  I  felt 
convinced  that  the  latter  was  right,  and  that  I  had  before  me  Eudorina  also 
imdergoing  a  similar  process  of  fecimdation. 

"  So  much  for  the  spermatoid  development ;  let  us  now  retiu'n  to  that  of 
the  Eudorina  in  totality,  concerning  which  there  is  still  an  interesting  ques- 
tion for  our  consideration,  bearing  on  the  early  development  of  this  organism, 
which  I  have  ah'eady  stated  my  inability  to  supply,  viz.  how  does  the  sixteen- 
division  of  the  cell  in  the  third  stage  of  development  take  place,  so  as  to  allow 
the  cUia  to  become  external  ?  It  wdl  be  remembered  that  this  cell  in  the 
second  stage,  before  it  passes  into  the  sixteen-division  of  the  third  stage,  con- 
sists of  its  capsule  or  cell-wall  and  the  green  contents  ;  and  it  should  also  be 
remembered  that,  although  these  contents  have  now  no  other  covering  distinct 
from  the  protoplasm  but  the  capsule,  yet  in  all  algal  ceEs,  whenever  the  green 
contents  take  on  a  new  form,  such  as  that  of  a  spore  or  group  of  cells,  a  second 
more  delicate  coveiing  is  separated  from  them,  for  which  I  have  heretofore 
used  the  term  '  protoplasmic  sac  ; '  these  two  covermgs,  then,  are  the  parental 
division  of  the  mass,  and  become  caducous  as  the  rest  takes  on  its  new  form 
and  developes  on  its  surface  a  ceU-waU.  Thus  we  get  the  sixteen  cells  sepa- 
rated from  their  capsule,  &c.,  and  surrounded  by  their  proper  cell-waU  and 
the  external  envelope,  which  may  be  a  still  further  thickening  of  the  former, 
or  a  new  secretion ;  but,  be  this  as  it  may,  the  cUia  are  seen  outside  it.  And 
at  fii-st  it  might  be  thought  that  they  were  formed  before  either  the  ceU-wall 
or  envelope,  so  as  never  to  have  been  enclosed  by  either  ;  but  if  this  were  the 
case,  the  cilia  of  the  sixteen  cells,  which  are  added  by  duplicative  division  to 
the  first  stage  of  Eudorina  to  form  the  second  stage,  should  be  inside  these 
coverings,  or  protrude  through  the  origmal  sixteen  channels  with  the  other 
sixteen  pau-s  of  ciHa.  However,  neither  is  the  case ;  for  these  sixteen  cells 
have  their  channels  respectively  as  well  as  the  other  sixteen  cells,  in  which 
case  they  must  have  been  made  by  the  sixteen  new  cells  themselves,  unless 
the  tliirty-two-division  is  fonned  before  the  peUicle  which  subsequently  forms 
the  ceU-waU  is  supplied,  and  our  first  stage  does  not  pass  into  the  second 
stage,  but  both  forms  are  produced  at  once  and  separately  from  the  begiunino' 
-a  pomt  which  can  only  be  determined  byfoUowing  the  development  of  the 
stj  XwT.  «Pore  Itself,  and  that,  too,  alone,  since  it  is  impossible  to 
til  7fi    f       sixtecn-dn^sion  groups,  when  previously  mixed  up  M-ith  all 

rom  th7fl3%  ''''       "^''^^'^  f™™  thispore,  or 

oTo  so  t^'  ^^^^°^°P'}^^'^t  «f  tWs  organism.  That  the  sixteen-divi- 
into  °i  fZ  of  P^iss  clu-ect  bto  a  similar  form  to  the  third-that  is, 

into  .1  foim  o£  budonna  consisting  of  sixteen  groups  of  sixteen  ccUs  each— 1 
have  occasionaUy  seen  ;  but  then  this  form  has  been  gbb'Ir  (oni;  ^  ths 

1  hner  fonn  '"t"'^'  'tf  '^'T'^''  ^  p-sl"ssed 

E^do^i^  tf  nof  ^'"^T  '^^^^  the  sixteen  groups  the  young 

sixteen  divi-2.  ^  ^'[f  'P'''"'-  ^8'''^^"'  ^'^^  ™bust  individuals  of  the 
^e  ™wTr-T'i'^°r^^'""'^  "^^''^  f™"^  the  spore,  and  to  pass  into 
pun  mel^  n  r  1  '''''''^  ^^age  or  thirty-twotdivision, -while  the 
punj,  mcagio  uuhnduals  one  would  think  to  come  from  the  third  stage,  and 
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as  before  conjectured,  end  in  disintegration  and  dcatli.  But  all  this,  as  I  have 
jiist  stated,  can  only  be  determined  by  following  the  development  of  the  spore 
from  the  commencement.  One  fact  I  might  add,  however,  viz.  that  the  robust 
forms  of  good  size  have  the  power  of  withdi-awing  their  ciha  and  protruding 
them  a"-ain ;  this  happens  when  they  are  transferred,  from  the  vessel  in  which 
they  may  be  contained,  to  the  slide  for  examination :  many  may  just  at  this 
time  be  seen  to  be  motionless,  with  the  channels  for  the  cilia  empty ;  but 
gradually  the  cilia  are  protruded  thi'ough  them,  and  as  gradually  the  Euclo- 
nna  evinces  increasing  power  of  motion,  until  they  are  fully  protnided,  and 
it  swims  away. 

"  Chlamijdococcus  undergoes  the  same  kind  of  changes  in  development  as 
Eudorina,  from  which  it  only  differs  in  structure  in  being  smaller,  and  glo- 
bular instead  of  ovoid,  in  the  absence  of  an  external  envelope,  and  in  the  cilia 
of  the  daughter- cells  being  included  within  the  parent-ceU ;  hence  it  also 
differs  in  being  motionless,  though  the  compartments  of  the  daughter- eeEs 
are  sufficiently  large  for  them  to  turn  round  and  move  their  cilia  freely 
therein,  which  they  are  continiially  doiag.    The  primaiy  cell  of  Clilmnydo- 
coccus,  like  that  of  Eudorina,  divides  up  into  2,  4,  8,  or  16  ceUs,  and  those  of 
the  eight-  and  sixteen-divisions  again  into  groups  of  16  or  32  each,  so  as  to 
resemble  the  third  stage  of  Eudorina.    Hence  we  may  perhaps  infer  that  its 
fecundating  process  is  similar  to  that  of  Eudorina ;  but  this  remains  to  be 
discovered.    Chla^nydococcus  has  also  a  great  tendency  to  stop  at  the  two- 
and  four-division,  from  wliich  it  may  pass  into  the  '  still '  or  Protococcus-form, 
and,  floating  on  the  water  ia  a  kind  of  crust,  present  ceUs  of  all  kinds  of  sizes 
und'ergoiag  '  still '  division.    In  aU  its  multiplications,  partial  and  entire, 
however,  it  generally  maintains  its  primary  or  spherical  form,  and  does  not 
become  ovoid  or  oblong,  like  the  groups  of  Eudorina,  the  only  exceptions 
being  in  the  two-  and  four-division,  where  the  green  cells  are  sometimes 
ovate  (probably  fi-'om  want  of  room  in  the  parent  capsule),  as  represented  by 
Ehrenberg  in  C.  Pidviscidus,— to  which  I  should  refer  it,  had  he  not  also 
given  an  ovate  form  to  the  type-ceU  of  this  species  ;  nor  can  I  refer  it  to  C. 
pluviaUs,iov  in  aU  the  changes  I  have  yet  seen  it  undergo,  the  red  colour  has 
not  increased  beyond  the  minute  eye-spot,  while  tins  also  disappears,  and  the 
cilia  too,  when  this  species  passes  into  the  '  still '  fonn.    Here  it  undergoes 
the  same  kind  of  division  that  it  does  in  the  active  state  ;  but  the  parent- 
ceU  instead  of  becoming  distended  by  imbibition,  remams  closely  attached  to 
the'daughter-ceUs,  so  as  to  give  the  group  a  mulberry  shape.    How  long  it 
remains  in  the  '  still '  form  I  am  ignorant ;  but  having  only  seen  it  m  the 
active  state  during  the  months  of  May,  June,  and  August,  and  thi-oughout  the 
rest  of  the  year  in  the  '  still '  one,  I  am  inclined  to  think  that  it  only  comes 
into  the  active  state  during  the  summer  months,  and  then  for  the  pui-pose  ot 

fecundation.  -,     •  ?  ui, 

"  In  several  instances,  also,  where  I  have  foimd  this  Chlamydococcus  with 
Eudorina,  they  have  been  accompanied  by  long  Clostei-iform  cells.  It  was 
the  case  in  that  above  mentioned,  where  the  latter  was  undergoing  impreg- 
nation. Some  of  these  have  an  eye-spot,  which,  ^^ith  the  natui-e,  aixange- 
ment  and  general  aspect  of  their  internal  contents,  show  that  they  belong  to 
Se  ciass  of  organisms  with  which  they  are  associated.  Theu-  cell-wall  also 
is  more  or  less  plastic,  or  was  so  when  they  were  assuming  this  spicular  foi-m  ; 
for  many  have  one  or  more  diverticula  extending  fi-om  them,  some  are  bifid, 
andTfew  imgularly  steUate.  What  they  are  I  know  not ;  but  Dr.  Cohn 
h^  figured  the  same  kind  of  cells,  in  company  with  Splueroplea  annuhmt, 

'^t:^7^:S^^T^llo  Dr.  Ferdinand  Cohn,  to  whom  science  is  so  deeply 


OF  THE  PHYTOZOA. 


165 


indebted  for  his  researches  among  the  simplest  organisms  of  creation,  additional 
thanks  ai-e  due  for  the  elaborate  essay  on  a  new  genus  of  Volvocinece,  in 
which  ho  has  most  philosophically  displayed  the  structui-e  and  relations  of 
that  family  at  large.  The  new  genus  is  named  by  him  Stephanosphcera,  the 
stractural  and  physiological  characters  of  which  have  been  presented  to  the 
English  reader  by  an  excellent  translation  of  Cohn's  original  paper,  in  the 
A.  N.  H.  1852,  X.  p.  321  et  seq.  Besides  this  account  of  Stephanospihcera 
by  its  discoverer,  none  other  exists  ;  we  must  accordingly  make  extensive  use 
of  it  in  attempting  an  abridged  description, — a  difficult  task  on  account  of  the 
importance  of  almost  every  paragraph  it  contains. 

The  organisms  to  be  described  "  exhibit  an  extraordinary  variety  of  size  and 
shape,"  writes  Cohn ;  "  but  they  are  all  essentially  of  similar  structure,  and 
consist  of  eight  green  spherical  corpuscles  having  their  central  points  situated  at 
the  circumference  of  a  circle  (XIX.  38),  and  of  a  large  common  envelope,  en- 
closing the  former  as  a  colourless  vesicle,  at  the  equator  of  which  are  ranged 
the  said  eight  green  globules  (XIX.  40-58). 

"  The  common  envelope  is  bounded  by  a  membrane  wholly  devoid  of  struc- 
tm-e  and  transparent,  so  that  it  may  be  overlooked  if  the  illumination  be  not 
properly  modified,  under  which  circumstances  the  8  green  globules  appear 
destitute  of  any  common  bond  of  union.  But  the  membrane  of  the  envelope 
always  exists ;  and  although  very  delicate  and  thin  while  young  (XIX.  57-58), 
it  becomes  thickened  with  age,  and  then  possesses  an  evident  breadth,  albeit 
no  compormd  stmctiu'e  can  be  detected.  The  membrane  of  the  envelope  is  ab- 
solutely rigid,  and  never  changes  its  shape,  exceptrag  through  the  ordinary 
expansion  of  growth  ;  therefore  it  is  not  only  totally  devoid  of  contractility, 
but  is  even  elastic  only  ia  a  slight  degree. 

"  In  whatever  direction  the  total  organism  may  lie  during  its  movements, 
the  envelope  always  appears  as  a  perfect,  absolutely  regular  circle  (XIX.  38, 
39)  ;  thence  it  results  most  decidedly  that  the  membrane  of  the  envelope  forms 
a  sphere  which  may  perhaps  deviate  but  very  little  from  the  mathematical 
ideal.  The  diameter  of  the  envelope  varies  between  tolerably  wide  limits : 
while  some  younger  forms  possess  an  envelope  -^th  of  a  line  (0*028  mm.)  in 
diameter,  most  attain  one  of  -^t^  (0-044  mm.),  and  the  largest  are  as  much 
as  -j^i^th  of  a  line  (0*055  mm.)  in  diameter. 

"  The  phsenomena  in  dissolution  and  during  propagation  prove  that  the 
membrane  of  the  envelope  immediately  surrounds  a  colourless  watery  fluid, 
the  refractive  power  of  which  does  not  differ  from  that  of  water.  The  enve- 
lope may  therefore  be  regarded  as  a  broad  spherical  cell  with  a  dehcate  struc- 
tureless membrane,  colomiess  and  transparent  like  glass,  containing  a  thin, 
water-Hke,  colourless  fluid ;  consequently  I  shaU  denomiuate  it  the  envelope- 
cell  {Hiill-zelle). 

"  While  the  envelope-cell  varies,  generally  speaking,  only  in  size,  and  no 
difference  whatever  of  shape  and  structui-e  can  be  detected  in  the  ditferent 
individuals,  the  variations  in  the  development  of  the  eight  green  globes  in  its 
inteiior  are  very  great.  In  fact  it  is  difficult  to  represent  the  multiplicity  of 
foi-ms  which  here  display  themselves,  so  as  to  give  a  full  and  clear  idea 
of  them ;  and  om-  figures  oven  can  aff"ord  but  a  very  insufficient  pictiu-e, 
smce  scarcely  a  single  individual  exactly  resembles  another  in  this  respect. 
The  eight  green  bodies  in  the  interior  of  each  envelope-cell,  which,  for  reasons 
to  be  given  hereafter,  I  shall  caU  primordial  cells,  are  in  their  simplest 
condition  globular,  and  stand  at  equal  distances  ia  a  circle  at  the  largest 
circumference  of  the  cnvelopc-ceU,  so  that  the  whole  stincturc  looks  Hke  a 
hollow  glass  globe  with  a  ring  formed  of  eight  green  globules  in  its  interior 
(XIX.  38).    If  the  circular  line  in  which  the  centres  of  the  eight  primordial 
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cells  stand,  is  regarded  as  the  equator  of  the  envelope-cell,  we  ordinarily 
find  their  position  such  that  the  equatorial  zone  lies  parallel  with  the  plane 
of  the  object-glass,  and  the  observer  consequently  looks  down  upon  the  pole 
of  the  envelope-cell.     In  this,  the  polar  view,  the  eight  primordial  cells 
stand  in  a  perfect  cu-cle  and  are  placed  very  close  to  the  circumference  of  the 
envelope-cell.    The  distances  betAveen  the  primordial  cells  are  more  or  less 
considerable  according  as  they  are  proportionately  larger  or  smaller ;  some- 
times they  constitute  an  elegant  wreath  composed  of  eight  large  green  rosettes, 
almost  without  any  intervals  between  them,  or  resemble  an  interrupted  eight- 
angled  star ;  sometimes  the  green  globtdes  arc  so  far  apart  as  to  look  Kke  the 
eight  spokes  of  a  wheel.    The  diameter  of  a  primordial  cell  in  the  polar  view 
amounts  in  the  former  case  to  yfg-th  of  a  line  (0-012  mm.),  in  the  latter  to 
^th  (0-0065),— on  an  average  to  ^-^th  of  a  line  (0-0087  mm.). 

"  When,  however,  the  whole  revolves,  so  that  the  axis  passing  through  the 
two  poles  of  the  envelope-cell  lies  parallel  with  the  stage  of  the  microscope, 
and  the  equatorial  zone  marked  by  the  eight  green  primordial  cells  stands 
perpendicular  to  the  latter,  consequently  in  the  optic  axis  of  the  microscope, 
the  envelope-cell  still  looks  hlce  a  circle,  because  it  is  a  sphere  ;  but  the  eight 
primordial  cells,  lying  in  one  plane,  are  then  projected  in  a  hue  which  corre- 
sponds to  the  diameter  of  this  circle,  so  that  the  whole  resembles,  imder  the 
microscope,  a  colomless  disk  cut  in  half  by  a  green  zone  (XIX.  40-58).  And 
in  this,  the  equatorial  view,  according  to  the  position,  the  four  piimordial 
cells  in  the  anterior  hemisphere  sometimes  completely  cover  the  four  behind, 
so  that  only  foiu-  are  seen  altogether ;  sometimes  the  latter  appear  through 
the  interspaces  between  the  former,  and  all  eight  are  seen  in  one  line.  This 
view  also,  of  course,  gives  very  different  pictures  according  to  the  size  of  the 
primordial  cells  and  the  distance  between  them. 

"  Between  the  polar  and  equatorial  views  lie  countless  intermediate  posi- 
tions in  which  the  ring  of  primordial  cells,  more  or  less  contracted,  appears 
as  an  ellipse,  Avith  its  longest  axis  constantly  in  the  diameter  of  the  envelope- 
ceU,  while  the  shorter  axis  appears  longer  or  shorter,  and  the  separate  pn- 
mordial  cells  are  approached  more  or  less  towards  each  other,  according  to  the 
laws  of  projection.  •  j-  •  i  i 

"  Besides  this  difference  of  the  aspect  which  one  and  the  same  individual 
affords  merely  in  consequence  of  the  different  positions  resulting  from  its 
movements,  a  still  greater  variation  is  displayed  in  the  shape  of  the  green 
primordial  cells  themselves.  I  have  caUed  them  globes  above;  properly  they 
are  always  acuminated  to  some  extent,  in  the  form  of  a  pear,  toward  the 
periphery  of  the  envelope-cell ;  and  they  are  imperceptibly  attenuated  to  a 
point  here,  from  which  two  cilia  pass  out  (XIX.  38).  These  cilia  therefore 
arise  from  the  primordial  cells  inside  the  envelope-cell,  and  they  emerge  fi-eely 
into  the  water  through  minute  orifiees  in  the  latter :  from  the  analogy  Avith 
Chlamydococcus,  I  conjecture  that  there  is  a  sepai'ate  passage  for  each  cihum. 
so  that  the  orifices  corresponding  in  each  case  to  the  primordial  cells  arc 
placed  in  pairs,  and  aU  sixteen  orifices  occm  in  the  equator  of  the  envelope- 
cell.  Hence  in  the  polar  vicAV  the  eight  pairs  of  cilia  go  out  from  the  cu'cum- 
ference  of  the  envelope-cell  like  elongated  rays.  _ 

'*  The  primordial  cells  moreover  expand  principally  in  the  direction  of  the 
axis  perpendicular  to  the  equatorial  plane,  so  that  in  the  equatorial  vieAV  they 
■vpnear  not  spherical,  but  rather  cUiptical,  or  even  sometimes  stretched  so 
considerably  m  this  direction,  that  they  become  cyhnckical  or  almost  spmcUe- 
shaped,  without  undergoing  any  remarkable  enlargement  on  the  other  axis. 
If  in  this  case  the  primorchal  cells  are  large  and  near  together,  they  form 
in  the  equatorial  new  a  broad  green  zone  inside  the  coloiulcss  envelope- 
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ceU  fiUino-  up  a  more  or  less  considerable  portion  of  this  (XIX.  39),  while  in 
the' polar  view  they  form  only  a  circular  wreath  In  some  instances  the 
proper  green  body  of  the  primordial  ceUs  is  only  shortly  cylindrical;  but  it 
becomes  elongated  at  both  ends  into  long  beaks  which  reach  almost  to  the 
poles,  and  give  each  primordial  ceU  something  of  the  shape  of  the  Olostervam 
setacmm  figiu-cd  by  Ehrenberg.  In  this  case  the  whole  resembles  a  sphere 
surrounded  by  eight  green  bands  placed  in  meridians  and  swoUen  only  in  the 
equatorial  region.  But  even  in  this  veiy  frequently  occiming  preponderating 
development  of  the  one  dimension,  the  ciha  of  each  piimordial  ceU  are  sent 
out  from  the  middle  of  its  shorter  axis  ;  and  when  the  pnmordial  ceUs  appear 
projected  in  a  zone,  in  the  equatorial  view,  the  motile  cilia  are  visible  only  at 
fom-  points  of  the  diameter.  m    •  ^ 

"  The  primordial  ceUs  are  very  frequently  developed  unequaUy  m  the  two 
hemispheres  of  the  envelope-cell ;  they  axe  not  then  divided  into  two  equal 
halves  by  the  equator  of  the  envelope-cell,  but  show  themselves  crowded 
principally  into  one  hemisphere,  which  they  almost  fiU ;  and  they  reach  almost 
to  the  pole  there,  while  they  occupy  but  a  far  smaller  portion  of  the  other, 
which  consequently  appears  in  greater  part  coloiuiess.  In  such  a  case  the 
primordial  cells  almost  touch  with  one  end,  while  they  diverge  widely  at  the 
other,  and  thus  they  look  like  a  kind  of  basket  composed  of  eight  pieces,  like 
the  gaping  dental  apparatus  of  a  Ctdlodon. 

"  Besides  the  two  cilia  which  pass  out  from  each  primordial  cell,  through 
the  oiifices  of  the  envelope-cell  into  the  water,  the  former  very  fi'equently 
send  out  other  prolongations,  which  however  do  not  perforate  the  envelope- 
cell.  These  are  colourless  mucilaginous  filaments,  going  out  from  each  pri- 
mordial cell,  especially  from  the  eiuls  of  their  longer  axis,  and  which  hence 
present  themselves  especially  clearly  in  the  equatorial  view.  The  ends  of  the 
primordial  cells  are  mostly  not  green  but  colomdess,  and  elongated  into  numer- 
ous, likewise  colourless,  broader  or  thinner  bristle-Uke  processes,  which  run  out 
like  rays  in  all  directions,  are  often  ramified,  and  are  attached  to  the  inside  of 
the  envelope-ceU,  without  however  perforating  it  (XIX.  39).  If  these  fila- 
ments are  much  developed,  they  form  a  proper  network,  which  maintains  each 
primordial  cell  floating  in  the  common  envelope.  The  extremities  of  the  pri- 
mordial cells  are  also  frequently  divided  dichotomously  into  colomiess  muci- 
laginous bands,  which  again  branch  into  radiating  filaments  and  thus  produce 
the  most  wondei-fnl  forms.  These  colourless  filiform  prolongations  of  the 
primordial  cells  may  also  be  seen  in  the  polar  view,  stretcliing  in  all  dii'ec- 
tions,  and  giving  the  total  structure  a  most  strange  aspect,  almost  similar  to 
that  of  a  Xanthidium. 

"  In  the  internal  organization  of  the  primordial  cells,  all  that  can  be  made 
out  is  a  green-coloured  softish  substance,  of  which  they  are  composed,  and  in 
which  numerous  deHcate  granules  or  points  are  imbedded.  "When  the  pri- 
mordial cells  are  actively  vegetating,  they  are  of  a  transparent  vivid  green ; 
but  the  colour  exhibits  various  tints :  in  the  youngest  conditions  it  is  piu'er, 
more  ycUowish  green,  less  obscured  by  dark  points  ;  in  the  lai-gest  forms,  on 
the  contrary,  the  contents  appear  brownish  green  and  opake,  -with  the  dai-k 
granules  multiplied  to  such  an  extent,  that  the  whole  almost  loses  its  transpa- 
rency. In  the  middle  of  the  primordial  cells  ai-e  found  two  larger,  nucleus-lihe 
vesicles,  mostly  symmetrically  placed  ;  and  these  examined  separately  appear 
annular,  so  that  they  possess  an  internal  cavity  ;  iodine  coloiu'S  them  remarkably 
dark,  with  a  violet  tinge  (XIX.  39).  The  centre  of  each  primordial  cell  is 
frequently  occupied  by  a  lighter  circular  space,  which  however  docs  not  vanish 
periodically,  and  therefore  cannot  be  regarded  as  a  contractile  vesicle  (XIX.  38). 
"  Tlie  primordial  cells  are  not  surrounded  by  any  special  rigid  membrane ; 
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and  this  is  not  only  made  evident  by  the  multifold  changes  of  form  which  they 
ixndergo  in  the  course  of  vegetation,  and  by  the  filiform  prolongations  and 
ramifications  which  are  produced  dii-ectly  from  theii'  substance,  but  is  clearly 
shown  by  the  transformations  which  the  primordial  cells  pass  through  in  con- 
sequence of  external  influences.    Under  certain  circumstances,  namely,  the 
filiform  processes  may  be  retracted,  being  torn  away  from  the  envelope-ceU 
and  taken  up  into  the  substance  of  the  primordial  cells ;  the  produced  ends 
of  the  primordial  cells  also  disappear,  the  latter  becoming  rounded  off  into 
their  original  spherical  or  short-cylindrical  form.    Such  a  change  would  be 
impossible  if  the  primordial  cells  were  surrounded  by  a  rigid  membrane,  such 
as  that  of  the  envelope-cell  for  example.    Still  more  rapid  and  decided  are  the 
metamorphoses  which  the  primordial  cells  undergo  in  the  interior  of  the 
envelope-cell,  through  influences  destructive  to  the  life  of  the  organism. 
These  phaenomena,  usually  called  dissolution,  do  not  change  the  rigid  enve- 
lope-cell at  all ;  but  they  totally  decompose  the  primordial  cells,  depriving 
them  of  their  form  and  dissolving  them  into  a  single  structiu-eless  green  mass, 
which  lies  upon  the  inside  of  the  envelope-ceU,  frequently  destroying  all  evi- 
dence of  the  origin  from  eight  spheres,  while  not  a  trace  of  special  enveloping 
membranes  comes  to  hght.  These  ph£enomena  of  dissolution  moreover  indicate 
that  the  envelope-ceU,  as  I  have  already  mentioned,  is  composed  of  a  delicate 
membrane  enclosing  a  clear  watery  fluid,  which  cannot  be  dense,  gelatinous,  or 
mucUaginous,  since  it  is  readily  displaced  by  the  radiating  filaments  and  the 
dissolved  substance,  and  which  therefore  is  very  similar  to  pure  water,  if  not 
exactly  the  same. 

"  Motion. — The  cilia  which  are  protruded  from  the  equator  of  the  envelope- 
cell  are  but  short  inside  this  ;  but  the  portion  projecting  into  the  water  is  much 
longer  and  vibrates  actively,  thereby  causing  aU  the  movements.  Duiing 
their  vibration  the  cilia  are  difficult  to  detect ;  but  when  dried  on  glass,  and 
still  better  by  wetting  them  "svith  iodine,  they  may  readily  be  traced  in  their 
whole  length,  especially  if  sulphuric  acid  is  added,  this  rendering  them  more 
distinct  and  giving  them  a  darker  colour.  The  motion  of  the  entire  organism, 
depending  on  the  eight  pairs  of  cUia,  exactly  resembles  that  well  known  in 
the  Alga3  and  many  Infusoria.  First  there  is  a  rapid  revolution  round  that 
axis  of  the  envelope- ceU  which  passes  through  its  poles  and  stands  peiT^en- 
dicular  to  the  ring  of  primordial  cells,  so  that  the  envelope-cell  rotates  lilie  a 
wheel  upon  its  axle.  In  the  polar  view  (XIX.  38),  our  form  gives  exactly 
the  impression  of  a  revolving  wheel,  while  in  the  equatorial  view  (XIX.  39), 
where  the  primordial  cells  are  mostly  elongated,  it  has  more  the  aspect  of  a 
globe  turning  upon  its  axis.  Besides  this  revolution  on  its  axis,  which  endures 
throughout  the  whole  hfe,  there  is  an  advancing  movement,  which  produces 
a  very  irregular  course ;  in  this  way  these  organisms  screw  themselves,  as  it 
were,  onwards  in  the  water.  Sometimes  they  smm  straight  out  with  uniform 
rapidity,  the  pole  going  first,  the  rotating  ring  of  primordial  cells  standing  at 
right  angles  to  the  course  and  appearing  only  in  one  line ;  sometimes  they 
turn  round,  so  that  the  equatorial  plane  presents  itseK  as  a  cii-cle  again  (in 
the  polar  view) :  they  rotate  thus  round  their  centre  without  moving  fi-om 
the  spot ;  then  they  set  one  pole  forward  and  swim  on  in  another  dii-ection, 
bend  to  the  right  or  to  the  loft,  or  turn  quite  round,  mostly  -without  any  per- 
ceptible obstruction,  move  in  ciu'ves  of  the  most  varied  kinds,  ran  round  any 
point  in  spiral  lines,  come  into  diff"crent  planes,  sometimes  ascending,  some- 
times descending ;  in  short,  they  exhibit  all  those  most  complex  and  wonderful 
dhffinomena  of  locomotion  which  we  ai-e  acquainted  with  in  the  moraig  propaga- 
tive  cells  of  the  Algae,— and,  as  I  have  demonstrated  elsewhere,  in  e,rac(h/  the 
same  way  in  the  Astomous  and  Anenterous  Infusoria  {Monadina,  Asiasia:a, 
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Cniptomonadina,  &c.),  and  which  certainly  do  not  bear  at  aU  the  character  of 
piu-poising,  conscious  voHtion,  but  appear  as  an  activity  detennined  not  indeed 
by  piu-ely  external  causes,  but  by  internal  causes  in  the  organization  and  vital 
process  The  collective  idea  of  such  motions  is  best  represented  by  the  coui-se 
described  by  a  top  which  runs  thi-ough  the  most  varied  curves  whHe  at  the 
same  time  constantly  revolving  on  its  axis.  _  i,   w  •  xi, 

"  Although  Alex.  Braun  describes  a  constant  revolution  to  the  left  m  the 
in  many  respects  analogous  swanning- cells  of  Ghlamijdococcus  and  theswarm- 
ing-sporcs  of  CEdogoniiim,  and  to  the  right  in  the  moving  gonidia  of  Vaucheria 
and  the  families  of  Pandorina,  I  must  assert  that  no  such  constant  law  of  re- 
volution exists  in  the  sti-ucture  here  described. 

"  As  to  its  systematic  position. — It  is  evident  that  the  organism  we  have 
described  belongs  to  the  family  of  the  Volvocineai.  For  not  only  do  we  find  in 
it  the  two  principal  characters  which  are  characteristic  of  this  interesting 
family — the  presence  of  a  number  of  green  globes  which,  enclosed  in  a 
common  colourless  envelope,  represent  a  family  of  ceUs  (polypidom),  together 
with  the  constant  rolhng  motion  which  the  Volvocineo}  possess  through 
almost  the  whole  of  their  Hfe,— but  oui-  form  also  displays,  as  we  shall  see 
hereafter,  the  third  character  of  the  Volvocineo;,  that  the  separate  globes  propa- 
gate within  the  envelope.  In  fact,  there  exist  the  greatest  analogies  between 
the  known  genera  of  Volvocinece,  especially  Gonium  and  Pandorina,  and  the 
organism  here  described ;  and  these  genera  are  only  essentially  distinguished 
by  the  arrangement  of  the  green  globes  or  primordial  cells,  which  in  Pando- 
rina are  placed  on  a  spherical  siu-face,  in  Gonium  on  a  flat  plane,  while  in 
our  form  they  stand  at  the  cii'cumference  of  a  circle.  Since,  however,  this 
very  law  of  arrangement  is,  in  the  family  of  the  Volvocinece,  the  most  im- 
portant criterion  on  which  the  establishment  of  the  genera  depends,  it  follows 
that  we  here  have  a  peculiar  genus  which  I  do  not  find  described  either  in 
Ehrenberg's  great  work  or  in  any  later  publication. 

"  If  we  now  compare  the  conditions  of  organization  of  StepJianosjjhcera 
mth  those  of  Chlamydococcus,  we  find  the  most  essential  agreement.  In  the 
first  place  the  envelope-cell  of  Stephanosphcera  corresponds  exactly  to  that  of 
the  moving  macrogonidia  of  Chlamydococcus ;  it  is  composed  of  a  delicate 
colourless  membrane  and  contents  resembling  water.  Chemical  actions  to 
which  I  subjected  the  envelope- cell  of  Stephanosphcera,  bear  Avitness  of  this 
agreement  in  the  most  minute  particulars.  The  envelope-ceU  is  indifierent 
to  acids  and  alkalies  and  is  not  dissolved  in  them ;  but  it  suffers  a  peculiar 
thickeniag  by  sulphuric  acid,  which  causes  it  to  apply  itself  more  closely  to 
the  primordial  cell,  and  present  itself  very  distinctly  and  clearly  defined.  In 
general  the  apphcation  of  dilute  sidphuric  acid  is  often  the  best  means  of 
making  clear  delicate  vegetable  membranes  which  would  othenvise  be  readily 
overlooked,  especially  when  iodine  is  added,  which  then  ordinarily  coloui-s  the 
membrane  yellow.  The  cUia  also  are  rendered  more  distinct  by  sulphuric 
acid.  The  envelope-cells  of  Pandorina,  Chlamydococcus,  and  Volvox  behave 
in  exactly  the  same  way. 

"  With  regard  to  the  chemical  composition  of  the  envelope-cell  of  Stepha- 
nosphcera, I  have  succeeded  in  demonstrating  the  characteristic  reaction  of 
vegetable  cellulose,  the  blue  colouring  by  iodine  and  sulphuric  acid,  in  the  enve- 
lope-cell of  Stephanospha-ra.    Por  this  pm-pose  it  is  requisite  to  aUow  a  drop 

pretty  concentrated  sulphuric  acid  to  act  upon  the  swarming  Stephanosphan-a- 
globes  until  the  green  primorditd  cells  in  the  interior  arc  decomposed,— by 
which  time  the  proper  transfomation  of  the  envelopc-mombrauc  lias  taken 
place,  and  a  di-op  of  solution  of  iodine  (iodine  in  iodide  of  potassium),  suffi- 
ciently diluted  to  prevent  the  sulphiuic  acid  precipitating  it  in  crystals,  then 
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produces  a  coloration  of  the  envelope,  which  appears  at  first  violet,  gradually 
becoming  more  interne,  ami  at  last  beautiful  indigo-blue.  Thus  the  chemical 
behaviour  of  the  envelope-ceU  in  Stejohanosphcera,  as  in  Chlamydococcus,  is 
the  most  evident  proof  tliat  the  organisms  to  which  they  belong  cannot  be 
regarded  as  Infusoria,  but  are  simply  Algse.  Moreover  this  behaviom-  of  the 
envelope-ceU  of  Stephanosphoira  shows  that  the  latter  is  bounded  by  a  true 
cellulose  membrane,  and  not,  as  is  assumed  almost  universally  of  the  Volvo- 
cinea',  and  by  Niigeli  even  of  all  Algse,  of  secreted  mucus  or  jelly.  The  direct 
observation  of  the  envelope-ceU.  of  Steplianosphcera  likewise  shows  that  this 
is  completely  closed  in  its  normal  condition,  and  only  perforated  by  orifices 
in  the  spots  where  the  cUia  of  each  primordial  cell  pass  out.  Not  imtil  a 
later  stage,  when  the  primordial  cells  singly  leave  the  envelope  or  have  begun 
to  propagate,  does  the  membrane  of  the  envelope  tear,  gradually  coUapse,  and 
become  dissolved,  so  that  the  included  globes  can  make  their  exit  freely. 

"  It  is  obvious  that  the  eight  green  globes  of  Steplianosphcera  correspond 
exactly  to  the  primordial  cell  of  Chlamydococcus.  The  piimordial  cells  of 
Stephanosphoira  consist  in  like  manner  of  nitrogenous  protoplasm,  in  itself 
colourless,  which  is  coloured  brown  by  iodine  and  almost  wholly  dissolved  by 
caustic  potash  and  ammonia.  The  protoplasm  is  coloiu'ed  by  the  universal 
coloimng  matter  of  vegetables,  chlorophyll ;  for  alcohol  and  ffither  bleach  the 
green  globules,  and  concentrated  sulphuric  acid  changes  the  green  colour  into 
a  verdigris-green  or  blue, — a  reaction  which,  from  my  observations,  is  cha- 
racteristic of  chlorophyll.  _       -,.  ,     n  i,- 

"  The  chemical  nature  of  the  fine  granules  in  the  primordial  cells,  which 
with  age  multiply  so  that  the  primordial  cells  at  length  lose  their  transparent 
o-reen  colour  and  appear  dull,  opake,  and  olive-brown,  is  difficult  to  deter- 
mine on  account  of  their  small  size ;  they  are  either  protoplasm-granules, 
or  as  a  bluish  colour  given  by  iodiue  might  leave  one  to  conclude,  perhaps 
starch-granules.     On  the  other  hand,  the  two  darlcer  nuclei  in  each  pn- 
mordial  ceU  axe  undoubtedly  the  same  structui-es  which  occur  m  Chlamy- 
dococcus aud,  in  Hke  manner,  not  only  in  aU  the  VolvocinecB,  but  also  m  most 
of  the  Algte  of  the  orders  of  Palmellece,  Desmideai,  Confervem,  &c.  JNageii 
has  called  these  chlorophyll-utricles,  and  demonstrated  their  universal  occur- 
rence ia  the  vegetable  kingdom  by  comparative  descriptions  (Gattung.  einzell. 
Ala  ii  )     Ordinaiily  there  exist  only  two  in  Stephanosphoira,  which  may 
be  distinguished  in  the  earHest  stages,— while,  among  other  Volvocineoi,  for 
instance,  Gonium  contains  only  07ie  chlorophyll-utricle.    It  is  difficult  to  settle 
anything  definite  concerning  theii'  structiu-e  and  function;  they  must  not  be 
regarded  as  ceU-nuclei,  although  they  resemble  them  very  much,  especially 
when  only  one  is  present.    Caustic  potash,  which  destroys  the  rest  ot  the 
contents  of  the  primordial- cells,  makes  the  chlorophyH  utricles  of  StepM- 
nosphmra  show  themselves  more  distinctly  as  hoUow  rmgs,  surrounded  by  a 
membrane  which  is  rather  granular;  iodine  colours  them  deep  molet,^x\ach 
leads  to  the  conclusion  of  the  presence  of  starch.    Ehrenberg  thought  the 
clilorophyU-utricles  were  to  be  recognized  as  the  testes  of  the  Volvocineai it 
is  certain,  however,  that  these  structui-es  may  be  seen  in  greater  or  less 
number,  in  exactly  the  same  way,  in  undeniable  plants,  such  as  Hydrodtc- 
tiion,  (Edoqonium,  Moitgeotia,  and  others.  ,     „  „    ,         ,  ii 

"  I  have  already  shown  that  the  primordial  cells  of  Stephanosphcera  as  weU 
.,s  those  of  Chlamydococcus  are  destitute  of  a  special  rigid  membrane ;  cou- 
invrently  they  do  not  correspond  to  perfect  ceUs,  but  on  the  whole  only  to 
^.Zordi^l  utncles.  In  Uke  manner  the  ciinous  colouriess  mucous  filaments 
Sh  Stend  S^tVom  the  extremities  of  the  primordial  cells  oi  Stcplm- 
i/Lm  are  evidently  analogous  to  the  rays  which  make  one  condition  of 
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the  Chlam,idococcus-ce]ls  look  hairy  (var.  seticjer,  V.  Flotow).  Ihey  are 
merely  prolongations  of  the  colourless  protoplasm  forming  the  substance  ot 
the  primordial  colls,  and  correspond  pretty  well  morphologically  to  the  reticu- 
lated branching  filaments  of  protoplasm,  the  sap-currents  as  they  are  termed, 
which  maintain  the  nucleus  suspended  freely  in  the  interior  of  the  cells  ot 
the  ai-ticulations  of  Spirocjyra  or  of  the  haii'S  of  the  anthers  of  Tradescantia. 
Alcohol  and  acids  cause  these  prolongations  to  be  retracted  into  the  substance 
of  the  primorchd  cells ;  the  same  thing  takes  place  during  the  course  ot  the 
development.  Ehrenberg  has  called  these  peculiar  mucous  rays,  which  also 
occur  in  some  other  Volvocinece,  m  some  cases  a  tail  (Synura,  UrogUna),  in 
others  connecting  canals  or  indications  of  a  vascular  system  (in  Volvox  and 
Gonium).  These  protoplasm-filaments  natui'ally  present  a  different  aspect 
according  to  the  shape  and  aiTangement  of  the  primordial  cells:  while  they 
appear  as  a  wreath  of  cilia  in  the  globular  Chlamydococcus-ceR,  in  the  more 
spindle-shaped  StepJicmosphcera  they  rather  resemble  bundles  of  rays  passing 
out  from  each  end ;  in  Volvox,  if  seen  only  from  above,  they  give  the  indi- 
vidual primordial  cells  a  polygonal,  radiating  aspect,  and  form  threads  of 
communication  between  them :  Pocke  has  wi-ongly  considered  them  as  inter- 
ceUulai-  passages  between  the  individual  animalcules.  The  connecting  threads 
ia  Gonium,  on  the  other  hand,  ai'e  something  quite  different,  and  do  not  belong 
at  all  to  the  domain  of  the  protoplasm -fdaments,  as  I  shall  explain  more  fully 
at  another  opportunity. 

"Thus  the  microscopic  analysis,  like  the  chemical  investigation,  of  Steplia- 
nosjihcera,  in  exact  analogy  -with  Cldamydococcus  and  the  swarming-ceUs  of 
the  other  Algse,  has  enabled  us  to  distingTiish  all  the  characters  of  a  plant, 
but  not  one  mark  of  a  tiiie  animal  organization,  in  particular  not  a  trace  of  a 
mouth,  stomach,  and  sexual  organs.  But  the  genus  Stephanosphcera  is  thereby 
pre-eminently  important  for  the  decision  of  the  question  of  the  limit  between 
.  the  animal  and  vegetable  kingdom,  because  the  Jiistory  of  its  development  affords 
the  most  convincing  proof  of  the  vegetable  nature  of  this  genus,  and  thus  of  all 
the  other  Volvocineae. 

"  Development  of  Stephanosphcera. — Both  the  very  delicate  envelope-cell 
and  the  widely  distant,  transparent,  green,  globular,  piimordial  cells  of  the 
young  Stephanosphcera  are  of  a  relatively  small  size.  Both  grow  so  much  as 
to  double  their  dimensions  during  their  vegetation :  the  former  acquires  a 
tough  membrane;  the  latter  fill  up  the  greater  part  of  the  envelope- cell, 
advance  towards  each  other  so  as  to  touch,  develope  thicker,-  denser  contents, 
and  assume  most  cui'ious  forms  through  the  ramification  of  the  protoplasm - 
filaments.  Finally  the  process  of  propagation  shows  itself  in  the  primordial 
cells.  The  radiating  ends  retract  aU  their  prolongations,  and  become  rounded 
into  a  perfect  sphere ;  the  primordial  cells  are  now  merely  attached  to  the 
envelope-ceU  by  their  cUia,  and  thus  are  readily  moved  fi-onf  their  normal 
corresponding  positions,  and  then  appear  devoid  of  any  definite  arrangement 
in  the  envelope-cell. 

"  These  changes  take  place  in  the  course  of  the  afternoon  ;  towards  evening 
more  infiuential  metamoi-phoses  make  their  appearance.  The  primordial  cell, 
namely,  extends  itself  predominantly  in  one  direction  in  the  axis  perpendicular 
to  the  equatorial  plane,  consequently  in  the  position  wliich  represents  from 
above  doAvnwards.  The  two  chlorophyll-utricles  respectively  repair"  to  the 
two  ends  ;  the  green  contents  likewise  flow  chiefly  to  the  two  sides,  and  leave 
a  broad  colourless  zone  %'isible  in  the  middle,  such  as  we  observe  somewhat  in 
the  same  position  in  Olosierium.  Finally  the  priraorchal  cell  becomes  con- 
stricted, gi-adually  from  the  periphery  to  the  centre,  in  the  middle  line,  and 
is  thus  divided  into  two  secondary  cells,  the  septum  of  which,  in  the  position 
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above  assumed,  runs  from  right  to  left.  Each  of  the  halves  cut  off  by  the 
division  then  exijands  somewhat  in  the  direction  fi-om  left  to  right ;  a  new 
constriction  soon  presents  itself  in  the  dii-ection  fi-om  above  downwards; 
when  this  is  complete,  the  originally  globular  primordial  ceU.  is  divided  into 
foui-  quarters  (XIX.  40). 

"  This  process  of  constriction  and  cutting  off  is  repeated  once  more,  each 
secondary  ceU.  becomiag  divided  by  a  new  septum  into  two  equal  halves 
(XIX.  41-56). 

"  This  process  of  division,  by  which  each  primordial  cell  produces  in  the 
first  generation  two,  in  the  second  four,  and  ia  the  third  eight  secondary  cells, 
is  completed  in  the  course  of  the  night,  so  that  early  in  the  morning,  in  the 
long  summer  days  even  by  3  o'clock,  we  perceive  each  of  the  eight  primordial 
cells  divided  into  eight  in  the  manner  described  (XIX.  41,  42).  The  gene- 
rations produced  in.  each  case  by  this  triple  subdivision  vary  in  the  duration 
of  their  lives  and  ia  their  capacity  of  development ;  the  first  two  rapidly 
divide  again,  and  therefore  are,  according  to  Niigeli's  expression,  mere 
« transitional  generations ; '  the  third  alone  ai'rive  at  complete  development 
and  persist  a  long  time  as  such  ;  these  form  the  'permanent  generation.'^ 

"  The  process  of  division  does  not  always  take  place  simultaneously  in  all 
the  eight  primordial  ceUs  of  StejpJianosjphcera ;  we  not  unfrequently  find  inside 
the  same  envelope-ceU  some  primordial  cells  stiU  wholly  unaltered,  while 
others  are  abeady  preparing  to  divide  into  two,  a  third  perhaps  ah-eady  into 
four  and  a  foui'th  has  abeady  resolved  itself  into  its  eight  secondary  ceUs. 
Yery  often  most  of  the  piimordial  ceUs  are  found  abeady  completely  sepa- 
rated into  eight,  while  one  or  other  of  them  is  stiU  whoUy  unaltered. 

"  When  the  act  of  division  has  gone  on  favourably  up  to  the  pomt  to  which 
we  havefoUowed  it  above,  some  hours  elapse  before  the  young  fanfihes  of  ceUs 
escape  completely  from  the  envelope.  The  process  which  precedes  their  bii'th 
consists  principaUy  in  the  more  complete  isolation,  in  a  centrifugal  direction 
aroimd  their  common  centre,  of  the  secondaiy  ceUs  produced  eacJi  pri- 
mordial cell.  Since  the  parting  off  of  the  secondary  cells  advances  graduaUy 
from  the  periphery  towards  the  centime,  they  are  abeady  completely  mdi^- 
duabzed  and  separated  by  intercebular  spaces  at  the  penphei-y,  while  aU  eight 
remain  stiU  connected  in  the  centre  into  a  common  colourless  mucous  mass 
fiUed  with  protoplasm-granules  (XIX.  42).  But  the  flo^y  of  the  contents  fi'om 
the  centre  to  the  borders,  which  continues  up  to  this  time,  at  length  causes 
the  constriction  of  the  central  mass  of  protoplasm  also  into  eight  pai'ts;  the 
eight  secondary  cebs  then  appear  of  a  deep  yeUowish  green  externally,  passmg 
intemaby  into  colouiiess  green  towards  finely  granular  beaks  which  ai-e  all 
connected  in  the  centre,  but  become  graduaUy  attenuated,  torn  away,  and 
retracted.  Then  the  young  primordial  cebs  become  rounded  mto  short 
evHnders  and  stand  in  a  cbcle,  without  organic  connexion,  but  placed  closely 
beside  one  another:  seen  b'om  above  (in  the  polar  view),  under  the  micro- 
scone  theyresemble  a  wheel  with  eight  notches;  fi-om  the  side,  examined  in 
the  equatorial  view,  we  see  fotu'  or  eight  short  cyhnders  lying  side  by  side,- 
that  the  whole  is  not  unlike  a  smaU  Scenedesmus  obtusus  (XiX. 
-  The  primordial  ceU  imdergoing  division  behaves  as  a  t,;^o/^  towai'ds 
external  things,  until  the  parting  off  into  eight  is  quite  completed  ;  that  is  to 
?ts  two  ciiia  move  uninterruptedly,  and  consequently  the  enbre^^.- 
ThanZhmc-gloho  stiU  rolls  through  the  water  accordmg  to  the  known  laws, 
^       llTZa^i  of  its  primordial  ceUs  have  ab-eady  become  more  or  less  com- 

Tr^^l^rd  into  fo^^^^  eight  secondaiy  cebs.  Only  shortly  before  the 
plctely  divided  into  tol  l         ^  J  ^^^^  their  motion  and 

r4:tH         "cTy\*t Vctctod  oAy  boin.  th,w„  off.  but  the 
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orifices  through  wHch  the  cilia  previously  passed  out  into  the  water  may 
now  be  observed  in  the  common  envolope-ceU,  as  minute  points  surrounded 
by  a  thickened  border. 

"  Immediately  after  that,  it  is  seen  that  the  newly-formed  secondary  ceUs 
have  developed  their  own  ciha;  for  the  young  generations  formed  m  the 
interior  of  the  parent-envelope  now  begin  to  move  and  to  roU  over  Like  a 
wheel  so  fai-  as  the  confined  space  aUows  of  this.  In  consequence  ot  this 
movement  of  the  eight  small  wheels  rotating  in  the  interior  of  the  common 
envelope-ceU,  which  constitutes  a  veiy  pretty  object,  the  parent-cell  soon 
becomes  enlarged  and  attenuated  at  certain  points ;  the  cellulose  of  which  it 
is  composed  appears  to  be  transformed  into  soluble  jelly,  and  soon  afterwards 
one  after  the  other  breaks  through  out  of  the  common  envelope  and  revolves 
freely  and  independently  in  the  water,  according  to  the  same  laws  as  the  old 
spheres,  but  more  actively  and  energetically.  The  young  Stephanosphm^a 
exactly  resembles  a  green  wreath  composed  of  eight  small  cylinders,  upon 
which  by  itself  no  envelope  and  cilia  can  be  detected  (XIX.  42,  48,  49) ;  but 
if  killed  with  iodine,  the  eight  primordial  cells  are  seen  to  be  suiTounded  by  a 
common  envelope-ceE.  in  the  form  of  an  exceedrugly  delicate  membrane, — only 
this  lies  in  all  parts  almost  immediately  upon  the  green  globes,  so  that  it 
foUows  the  waved  outline  they  produce,  and  in  its  total  form  resembles  a  flat 
spheroid  with  eight  notches  on  its  border ;  it  is  perforated  by  the  cilia,  which 
go  off  in  pairs  from  each  of  the  piimordial  cells  ;  and  two  chlorophyll-utricles 
are  already  distinguishable  in  the  latter.  By  degrees  the  envelope-cell  is 
lifted  up  by  the  endosmotic  absorption  of  water ;  its  surface  becomes  smoothed 
out,  and  it  appears  cu'cular  in  the  polar  view ;  on  the  other  hand,  it  retains 
for  a  longer  time  the  form  of  an  almost  tabular  spheroid,  and  hence  presents  an 
ellipse  in  the  equatorial  vieiu  (XIX.  58) ;  finally  it  expands  uniformly  in  all 
directions  and  thus  acquires  its  normal  spherical  form,  while  at  the  same 
time  it  becomes  considerably  thickened.  This  whole  process  of  propagation 
is  completed  during  the  night ;  and  on  bright  days  Stephanosphairce  are  rarely 
seen  in  course  of  division  at  sunrise ;  on  dull  days  they  may  be  observed  in 
this  condition  in  the  first  part  of  the  morning. 

"  The  primordial  cells,  however,  not  unfrequently  come  to  a  standstill  in 
the  stage  of  division  of  the  second  generation,  so  that  they  only  separate  into 
four  secondary  cells ;  these  at  once  develope  ciha  and  an  envelope-cell,  with- 
out dividing  a  third  time,  and  make  theii-  exit  from  the  parent- envelope  in 
this  condition.  Here  therefore  only  the  first  generation  of  each  primordial 
cell  is  a  transitional  generation,  the  second  already  a  permanent  generation. 
Hence  arises  the  circumstance  that  we  often  find,  among  other  eightfold  Ste- 
phanosphcera-glohea,  some  in  which  the  envelope-cell  encloses  only  foui'  pri- 
mordial cells  standing  at  equal  distances,  which  in  other  respects  behave  in 
the  ordinary  manner. 

"  It  is  stiU.  more  frequently  observed,  when  the  primordial  cells  have 
already  become  constricted  into  four  secondary  cells  and  are  beginning  to 
divide  again  into  eight,  that  this  process  of  division  is  not  perfectly  completed 
in  all  four  portions,  but  that  the  young  Stephanosphara  akeady  becomes  free 
and  developcs  the  envelope-cell,  although  one  or  other  of  the  four  quadratic 
segments  of  the  sphere  has  become  constricted  but  not  parted  off'  Hence  origi- 
nate monstrous  forms,  since  the  general  envelope-ccU  then  encloses  only 
seven  primordial  cells  ;  but  in  these  cases  it  is  always  observed  that  one  of 
them  is  distinguished  by  most  curious  prolongations  or  mucous  filaments,  that 
it  appears  twice  as  large  as  the  rest,  that  it  contains  foiu-  chlorophyll-utricles 
instead  of  two  as  is  usual,  and  that  it  is  also  more  or  less  constricted  in  the 
middle.    All  this  fiunishcs  proof  that  here  one  secondary  cell  of  the  second 
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generation  has  not  boon  divided  the  third  time  like  the  rest,  but  occupies  by 
itself  the  space  which  is  ordinarily  filled  by  two.  Very  often  only  six,  or 
even  no  more  than  five  primordial  cells  arc  found  in  one  envelope-cell ;  but 
then  two  or  three  of  these  are  twice  as  large  as  elsewhere.  In  hke  manner 
Alex.  Branu  figures  a  Pediastrum  composed  of  fifteen  instead  of  sixteen  cells, 
wherein  one,  however,  is  twice  as  large  as  the  rest. 

"  On  the  whole,  it  is  ob\ious  that  the  mode  of  propagation  of  Stejohamsphcera 
ah-eady  examined  corresponds  comi^letely  to  that  we  are  abeady  acquainted 
with  as  formation  of  macrogonidia  in  Ghlamydococcus.  It  both  cases  it  de- 
pends upon  the  envelope-ceU  remaining  unaltered,  while  the  primordial  cells 
become  divided,  first  into  two  secondary  cells,  and  then  so  on  in  a  lower 
power  of  two,  each  of  the  secondary  cells  immediately  developrag  two  cUia,  and 
secreting  over  its  whole  surface,  as  do  all  primordial  utricles  of  vegetable 
cells,  a  delicate  cellulose  membrane,  which,  however,  becomes  gradually  re- 
moved further  from  the  secreting  primordial  cell  through  absorption  of  water. 
The  only  distinction  between  Ghlamydococcus  and  Stephanospliaira  arises  from 
the  formation  of  a  special  envelope-cell  to  each  individual  secondaiy  ceU  in 
Ghlamydococcus,  while  in  Stephanosphcera  aU  the  generations  produced  by 
division  form  one  primordial  coll,  become  enclosed  by  a  common  envelope, 
and  move  away  as  families  of  cells.  On  the  contrary,  the  developmental 
history  of  Oonium,  Pandorina,  and  Volvo.v  agrees  in  aU  essential  particulars 
with  the  laws  of  propagation  which  I  have  just  described  in  Stephanosphcera, 
as  will  be  shown  elsewhere.  We  may  call  the  mode  of  multiplication  of  the 
Volvocinece  by  the  general  name  oi propagation  hy  macrogonidia. 

"  Another  process  is  met  with  in  Stephanosphoira,  besides  the  above,  and 
which  I  have  observed  more  rarely,  viz.  propagation  by  microgonidia.  In 
this  mode  of  multiplication  the  introductory  processes  are  exactly  like  those 
of  the  formation  of  macrogonidia ;  in  particular  each  primordial  cell  is  at  fii-st 
divided  into  two,  then  into  four,  and  lastly  into  eight  secondary  cells.  But 
instead  of  this  third  generation  being  permanent  and  becoming  free,  as  is 
usual  it  not  unfrequently  happens  that  the  process  of  division  is  not  arrested 
with  the  separation  into  eight— that  the  original  primordial  ceU  becomes 
parted  off  a  foni'th,  fifth,  and  even  a  sixth  time,  m  the  same  manner,  and  at 
length  is  hrolcen  up  into  a  large  number  of  cells  (16,  32,  64),  which  natirrally 
are  so  much  thesmaUer  the  greater  number  of  times  the  subdivision  mto  two 
has  taken  place  (XIX.  43,  51).    These  little  secondary  cells  finally  become 
totally  separated  from  one  another,  without  secreting  an  envelope-cell.  These 
Httie  ceUules— I  shaU  foUow  the  example  of  Alex.  Braun  and  call  them 
microgonidia— exhibit  a  very  active  and  energetic  motion  inside  the  envelope- 
cell,  hurrying  very  rapidly  up  and  doAvn  in  aU  directions  in  its  cavity,  pro- 
ducing by  their  great  number  that  curious  swarming  which  Alex.  Braun  ha.s 
very  aptly  compared  with  the  interminghng  of  a  crowd  of  people  m  a  confined 
area,  where  every  one  is  constantiy  changing  his  place,  while  the  whole 
to"-ether  constantly  occupy  the  same  space.     Sometimes  the  cellules  are 
scattered  in  a  few  large  masses ;  then  they  unite  again  into  a  Imot  m  tiic 
middle ;  every  moment  the  general  aspect  varies.    At  length  the  common 
envelope  is  ruptured  where  the  microgonidia  emerge  one  after  another  or  m 
large  masses,  but  free  and  singly,  into  the  water.    Theii-  true  form  may  be 
then  readily  detected  by  kiUing  them  with  iodine ;  they  are  spmdU-shajyed 
and  acuminated  at  both  ends,  bright  green  in  the  middle,  and  run  out  into  a 
colourless  beak  at  each  end,  on  the  whole  not  imUke  yoimg  Eiujlena;,  without 
a  trace  of  an  envelope-cell ;  the  extreniity  whkh  goes  &st  m  theu-  swimming 
bears  deUcatc  cilia ;  the  mmber  of  the  ciha  ,s  four  (XIX.  52).    men  the 
miero-onidia  reach  the  water  they  move  most  actively  m  aU  directions,  and 
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ill  a  short  time  all  the  corpuscles  emitted  from  an  envelope-ceU  are  scattered 
and  disappear  in  the  wide  sm-face  of  the  drop  of  water. 

"  I  have  not  been  able  to  make  out  what  becomes  of  the  microgonidia 
subsequently,  since  they  are  ordinarily  decomposed  on  the  object-holder  after 
a  brief  swai-ming ;  but  it  may  be  conjectui-ed  that  they  also  sei-ve  for  propa- 
gation, and  probably  pass  into  a  condition  of  rest.  At  least  the  latter  has 
been  observed  in  the  microgonidia  of  Chlamydococcus  pluvialis  by  Alex.  Braun 
and  myself:  the  history  of  the  development  of  the  latter  agrees  wholly  with 
those  of  the  Stephanosjphwra  ;  they  originate  also  by  the  division  of  the  pri- 
mordial cell  in  a  higher  power,  are  distinguished  by  their  minute  size  and 
more  active,  peculiarly  Inftisorioid  movement,  and  never  develope  an  envelope- 
ceU  diu'ing  their  movement.  The  microgonidia  of  both  therefore  are  trae 
primordial  ceUs ;  that  is,  primordial  utricles  resembling  cells,  organized  ex- 
clusively of  coloured  protoplasm,  without  any  cellular  membrane.  The  only 
distinction  between  them  is,  that  the  microgonidia  of  Clilamyclococcus,  Eke 
their  macrogonidia,  possess  tiuo  cilia,  while  in  those  of  Stephanosjihcera  I 
observed  four.  That  the  microgonidia  of  StepJianospJicera  correspond  per- 
fectly in  morphological  respects  to  the  macrogonidia,  and  only  depend  upon  a 
higher  power  of  division,  is  proved  by  a  case  in  which  seven  out  of  the  eight 
primordial  cells  in  one  envelope-cell  were  broken  up  iuto  microgonidia,  while 
one  divided  merely  into  eight  secondary  cells ;  the  latter  were  developed  as 
macrogonidia,  and  formed  a  connected  wreath  surrounded  by  an  envelope-ceU, 
which  roUed  slowly  about  in  the  parent- envelope,  surrounded  by  the  swarm 
of  free,  rapidly  moving  microgonidia. 

"  Abstracting  the  differences  which  may  be  shown  always  between  two 
genera,  we  detect  the  same  laiu  of  development  in  Hydrodictyon  as  in  Stepha- 
nosphcera, — viz.  the  bicUiated  less  numerous  macrogonidia  arrange  them- 
selves into  a  family  of  cells  ah-eady  mthin  the  parent-ceU,  according  to  the 
character  of  the  given  conditions  of  the  tAvo  genera,  the  cell-family  being 
active  in  the  Volvocinece  and  immoveable  in  the  Protococcaceo},  while  the 
more  numerous  more  actively  moving  microgonidia  with  fom-  cilia  leave  the 
parent-cell  and  enter  upon  a  metamoi-phosis,  the  retrogradation  fi'om  which 
to  the  normal  type  of  the  genus  has  not  been  obsei-ved  yet  here,  or  indeed  in 
the  microgonidia  of  any  of  the  Algse.  Such  an  imdeniable  agreement  of  the 
law  of  development  of  Steplianosplmra  with  an  undoubted  plant  like  Hydro- 
dictyon, which  testifies  to  a  near  relationsliip,  would  be  inconceivable  if  the 
former  were  to  be  regarded  as  of  essentially  different  organization — as  belong- 
ing to  quite  another  kingdom  of  natm-e.  Thus  the  developmental  history  of 
Stephanosphm-a  also  fm-nishes  the  most  convincing  proof  of  the  vegetable 
nature  of  this  genus,  and  consequently  of  the  Volvocinece  generally. 

"  That  the  formation  of  macro-  and  microgonidia  does  not  exhaust  the 
whole  series  of  forms  which  Stephanosplue/i-a  may  pass  through,  is  proved  by 
the  following  observation,  which  imfortunately  I  have  not  yet  been  able  to 
complete.  Having  cultivated  some  Stephanosphcerce  for  a  long  time  in  a  little 
glass  cup,  m  the  way  described  in  my  essay  on  Lo.vodes  hursaria  (I.  c),  all 
the  primordial  ceUs  at  length  exhibited  dark,  thick,  greenish  brown  contents, 
so  densely  hHed  with  numerous  granules  that  the  two  chloropliyll-vesicles 
could  no  longer  be  detected;  their  form  was  more  or  less  globular,  and  the 
mucous  rachating  processes  were  entirely  absent ;  their  outlines  were  remark- 
ably  shari)ly  defined,  as  if  they  had  become  siuToimdcd  by  a  rigid  mombrnno. 
At  the  same  time  I  remarked  that  the  primordial  ceUs  were  no  longer  fixed 
immoveabiy  at  the  penphery  of  the  envelope  cell,  never  changing  their  relative 
positions,  but  jerked  hachvards  and  fonvards,  finally  tore  themselves  away 
from  the  envelope-cell,  and  then  began  to  rotate  slotuly  and  lazily  in  the  interior. 
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Soon  after,  I  saw  the  envelope-cell  also  burst  at  some  spot  and  collapse  ;  and 
the  eight  primordial  cells  gradually  emerged,  one  after  another,  as  inde- 
pendent globes :  they  were  now  seen  to  be  enclosed  in  a  pretty  closely  applied 
envelope,  through  which  penetrated  two  cilia ;  and  hence  they  presented  the 
utmost  resemblance  to  Chlamydomonas  Ptdvisculus.  They  moved  about  for 
some  time  in  the  water  and  at  length  came  to  rest,  losing  their  cilia  and  accu- 
mulating nice  Utile  green  Protococcus-glohules  at  the  bottom  of  the  glass.  We 
therefore  have  here  a  motionless,  perfectly  plant-like  stage  of  StephanosphcBra , 
such  as  we  are  acquainted  with  in  Ghlamydococcus  and  Chlamydomonas ;  the 
remainder  of  the  Volvocinem  undoubtedly  pass  into  a  similar  condition  of 
rest,  which  is  the  means  of  their  preservation  when  the  water  of  ditches  is 
diie'd  up  in  summer.  The  emergence  of  single  globes  from  the  common  enve- 
lope, in  a  form  resembHng  Chlamydomonas,  may  also  be  readily  observed  in 

"  I  conjecture  that  the  motionless  Protococcoid  cells  of  Stephanosphasra  are 
the  means  of  the  preservation  of  the  species  when  the  water,  as  is  always 
the  case  in  the  shallow  hoUows  in  stones,  their  natui-al  station,  is  dried  up 
for  a  long  time  and  aU  the  living  inhabitants  are  precipitated  on  the  stone. 
The  observations  of  Major  von  Flotow  have  already  demonstrated  that  the 
di-ied-up  muddy  sediment  always  reproduces  StephanosphaircB  when  water  is 
again  poured  on  to  it.  This  capability  of  reviving  from  the  dried  condition 
is" shared  hj  Stephanosjphara  with  Chlamydococcus  pluvialis,  m  which.  ]ikevnse 
the  motionless  cells  remain  living  after  being  di-ied  up  for  years,  and  are  capa- 
ble of  giving  birth  to  moving  forms,  while  the  swarming- cells  themselves  are 
destroyed  for  ever  by  rapid  desiccation.  Herr  von  Flotow  has  sent  earth  with 
dried  Stephanosphairce  to  Dr.  Eabenhorst  in  Dresden,  who,  in  hke  manner, 
succeeded  in  reviving  them  by  moistening. 

"  Since  the  moving  Stephanospha-rce  are  destroyed,  just  hke  the  swarming- 
ceUs  of  Chlamydococcus,  by  rapid  desiccation,  I  beheve  that  the  motionless 
Protococcoid  globes,  the  development  of  which  I  have  just  descnbed,  are  the 
forms  wHch  do  not  lose  their  vitality  by  drying,  but  are  capable,  when  wetted 
again  with  water,  of  going  through  a  cycle  of  development,  by  which  they 
return  to  the  normal  moving  form  of  Stephanosphcera.  Yet  I  must  remark 
that  I  have  not  Htherto  obtained  sufficient  material  to  observe  the  resting 
Stephanosphcera,  and  to  trace  the  processes  wHch  occur  m  the  revivification. 

"  Bespecting  their  vital  manifestations,  repeated  experiments  showed  that 
the  moving  spheres  of  Stephanosphsera  seek  the  darker  part  of  the_  vessel,  avoid- 
ina  however  a  total  absence  of  light,  and  assembli^ig  in  preference  a  mod^ated 
liqht  or  half-shadow.  Since  other  Algse  and  Infusoria  exhibit  a  different 
behaviour  towards  the  Hght,  we  thus  possess  a  means  of  sorting,  to  a  cer- 
tain extent,  the  microscopic  inhabitants  of  a  specimen  of  water,  as  i  did  the 
shade-loving  Stephanosphcerce  from  Chlamydococcus,  y{)xLch.  ordinarily  seek  the 

brightest  hght."  -,       i        -i.  ^.^ 

An  important  appendix  to  this  histoiy  of  Stephanosphara  has  qmte  recently 
appeared  fi-om  the  joint  labours  of  Professor  Cohn  and  Wichura  (iNW.  Act. 
IZ  Curios.  Naturce,  1857,  Part  I.),  and  has  been  translated  into  Enghsh 
bv  Mr.  Ciirrey  (Xif-.S.  1858,  p.  131).      .      ,  ■  ^  a 

The  resting-stage  above  spoken  of  is  agam  referred  to  concisely  and  cleaily 
.y,i„  -narao-raph :—"  Under  certain  cii-cumstances  each  of  the  eight  cells 
^.rptPs  a  cellular  covciing,  and  swims  about  in  the  interior  of  the  globe  m 
retrmyfroe  (X^-      '  they  escape, 

e^her  by  fissvire  of  the  globe,  or  by  its  gradual  dissolution,  lose  their  c^a^ 
foim  a  thicker  membrane,  become  motionless,  and  accumulate  at  the  bottom 
ofX  vessel    If  the  vessel  be  then  permitted  to  become  thoroughly  dry,  and 
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afterwards  be  again  filled  with  water,  motile  Stephanosphccrm  reappear,  from 
which  it  seems  probable  that  the  green  globes  are  the  resting-sporcs  of  the 
plant."  These,  it  may  be  added,  are  with  difficulty,  if  at  all,  distinguishable 
from  those  of  Chlamydococcus  pluvialis :  they  vary  very  much  in  size,  and 
apparently  grow  after  entei-ing  on  the  state  of  rest.  Their  colour  is  deep 
green  (occasionally  yellowish  or  ohve) ;  and  they  have  a  nucleus,  and  fre- 
quently a  nucleolus.  We  cannot  do  better  than  copy  Mr.  Currey's  abridged 
translation,  in  endeavoui-ing  to  convey  the  results  amved  at  by  Cohn  and 
"Wichura : — 

"  When  the  water  is  permitted  to  evaporate  gradually,  the  resting- cells 
become  yellow,  and  afterwards  orange  or  red,  and  their  contents  have  a  more 
oUy  appearance.  The  authors  foimd  that  if  the  water  was  not  permitted  to 
evaporate,  the  resting-spores,  although  contiuuing  to  live,  did  not  become 
developed  iato  Steplianosphcerce ;  but  when  fresh  water  was  poured  upon  de- 
siccated resting-spores,  twenty-four  hoiu's  sufficed  for  the  production  of  motile 
Stephanosphcerce. 

"The  following  is  the  process  of  transformation  from  the  state  of  rest  into 
the  motile  foiTU. 

"  The  dried  resting-spores  take  up  the  water,  and  their  contents  (hitherto 
somewhat  misshapen)  gradually  fill  up  the  cavity  of  the  containing  mem- 
brane, and  become  cloudy  and  granular ;  the  border  becomes  yellowish,  and 
the  red  colouring  matter  is  concentrated  in  the  centre.  The  cells  then  begin 
to  divide ;  and  the  successive  forms  assumed  in  this  process  will  be  better 
understood  by  reference  to  XIX.  44-47,  than  by  description.  In  pass- 
ing fi'om  the  state  shown  in  fig.  45  to  that  shown  in  fig.  46,  the  outer  mem- 
brane has  gradually  become  iavisible.  Up  to  fig.  47  the  process  has  occupied 
about  two  hours.  The  four  daughter- cells  (fig.  47)  begin  to  quiver,  and  to 
endeavoui'  to  sej)arate  from  one  another.  Two  cilia  are  now  perceptible  at 
the  pointed  extremity  of  each  of  the  four  cells,  by  the  action  of  wliich  the 
group  begins  to  move  as  a  whole,  and  in  a  laboured  manner,  in  the  water ; 
ultimately,  however,  all  trace  of  the  enveloping  membrane  and  of  the  gluti- 
nous connecting  substance  disappears,  and  one  by  one  the  daughter- cells 
escape  and  become  fi-ee.  Figs.  48  and  49  exhibit  difiPcrent  forms  of  these 
free  daughter-cells,  which  contain  two,  three,  or  several  granules  (amylon  ?) 
and  sometimes  also  vacuoles.  The  sharp  end  is  often  prolonged  into  a  colour- 
less beak.  At  this  period  there  is  no  proper  cellulose  membrane.  At  the 
moment  of  escaping,  their  diameter  never  exceeds  0-010  mm. ;  but  they  soon 
enlarge  and  attain  a  diameter  of  0-013  to  0-015  mm. 

"  Their  form  and  the  length  of  the  beak  are  variable,  the  latter  being  some- 
times altogether  wanting.  In  form  and  motion  they  resemble  exactly  the  naked 
primordial-cells,  which  are  produced  by  division  from  the  resting-ceUs  of 
Chlamydococcus  pluvicdis.  The  authors  have  never  seen  the  resting-ceUs  of 
Stephajiosphcerai  divide  into  more  than  four  parts,  but  think  it  not  imjorobable 
that  division  into  a  greater  number  (eight  or  possibly  sixteen)  sometimes 
occurs. 

"  The  length  of  time  which  elapsed  between  the  immersion  of  the  dried 
resting-spores  and  the  fii-st  appearance  of  the  motile  cells  vai'ied  from  nine  to 
twenty-four  hoiu-s.  It  was  noticed  that  those  resting-spores  which  did  not 
produce  zoospores  within  six  days  never  did  so  afterwards,  although  they 
continued  to  live  and  were  pci-fcctly  healthy. 

"Zoospores,  produced  in  the  month  of  November,  did  not  advance  beyond 
the  first  stage  (fig.  49).  Others,  however,  produced  in  ]\Tarcli,  remained  only 
a  few  hours  m  that  condition,  after  whicli  time  a  delicate  membrane  was 
formed  round  the  body  of  the  primordial  cell  (XIX.  50  );  this  membrane  was 
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at  first  closely  attached  to  the  primordial- cell,  but  became  gradually  enlarged 
by  absorption  of  water  into  a  eoloiuless  enveloping  vesicle  (figs.  50,  54), 
usually  globular  but  sometimes  oval,  having  two  openings,  thi'ough  which  the 
cilia  penetrate.  In  this  condition  thoy  attain  a  diameter  of  0-017-0-022'", 
and  are  not  distinguishable  fi-om  encysted  forms  of  Chlamydococcus  plu- 
vialis.  Other  zoospores,  produced  on  the  1st  of  Apiil,  1857,  attained  a  larger 
size ;  and  the  protoplasm  of  the  primordial  cell,  instead  of  retaining  its  con- 
tinuous outline,  became  elongated  here  and  there  into  simple  or  forked  muci- 
laoinous  rays,  which  were  either  colouiless  or  green  from  the  presence  of 
cMorophyU  (fig.  53).  These  rays  are  probably  produced  by  the  protoplasm 
adhering  at  certain  points  to  the  suiTOunding  membrane,  and  being  carried 
outwards  by  its  growth. 

The  GhlamyclococGus-\i\e  form  only  lasted  a  few  hours :  towards  the  even- 
ing the  zoospores  mostly  began  to  divide.  In  the  first  place,  the  protoplasmic 
rays  are  drawn  in,  and  the  primordial  cell  becomes  round ;  it  then  elongates 
itself  in  the  direction  of  an  axis  passing  through  the  point  of  origin  of  the 
cilia,  and  by  the  process  of  division  assumes  the  forms  shown  in  figs.  54  and 
55.  'This  state  is  usually  attained  by  about  nine  o'clock  in  the  evening  ;  and 
aboiit  eleven  o'clock  a  constriction  commences  in  a  plane  at  right  angles  to 
the  former  plane  of  division ;  and  eventually  the  primordial  cell  is  divided  mto 
quadi-ants,  each  containing  a  nucleus  and  a  portion  of  the  red  substance.  The 
two  cilia,  which  have  retained  their  activity,  originate  in  the  interspace  be- 
tween two  quadi-ants.  About  midnight  usuaUy,  but  sometimes  earher,  con- 
striction recommences,  and  the  form  in  fig.  56  is  attained.  THs  constriction 
proceeds  towards  the  middle  point  of  the  spheroid,  by  which  the  quadrants  are 
bisected,  and  ultimately  divided  into  eight  wedge-shaped  portions,  whose  con- 
tour-lines, like  the  spokes  of  a  wheel,  meet  in  the  middle. 

"  And  now  commences  a  fui'ther  process  of  development,  which  forms  the 
ground  of  the  generic  distinction  between  Stephcmosplicera  and  Glilamydo- 
coccus  For  wliilst  in  CJilamydococcus  the  individual  portions  of  a  pnmor- 
dial  cell  separate  entii-ely  from  one  another,  each  developing  its  own  envelopmg 
membrane,  and  ultimately  escaping  as  a  uniceUular  individual,  m  Stephano- 
sphcera,  on  the  other  hand,  the  eight  portions  remam  umted  as  a  family  ihe 
coloiued  contents  of  the  individual  portions  become  drawn  back  towards  the 
periphery  in  a  centrifugal  direction,  a  colourless  plasma  remaining  about  the 
Central  point  ;  this  disappears  at  fii'st  in  the  centre  ;  a  cavity  is  formed  m  the 
middle  of  the  disk  ;  and  as  this  enlarges,  the  eight  portions  assiune  the  form  ot 
a  wreath,  consisting  of  eight  globular  or  ellipsoidal  bodies  m  close  contact 
(&S  57),  and  usually  not  exactly  in  one  plane,  o^ving  to  the  outer  membrane 
not  having  expanded  in  proportion  to  the  enlargement  of  the  plasma.  The 
original  cSia  continue  active,  causing  the  motion  of  the  whole  organism,  until 
the  eight  portions  are  completely  individuahzed ;  and  then  their  motion  ce^ases : 
but  at  this  period  each  of  the  eight  parts  may  be  seen  to  be  provided  with  two 
cilia  wHch  are  in  motion  so  far  as  their  limited  space  allows. 

The  separate  parts  of  the  plasma  now  form  eight  independent  but  closely- 
packed  mcmbraneless  primordial  cells.  Shortly  afterwards  it  is  seen  that  a 
delicate  membrane,  common  to  them  all,  has  been  secreted  beneath  the  mo- 
ther-ceU  membrane,  round  the  disk  formed  by  the  primordial  ceUs ;  this 
membrane  at  fii-st  lies  in  close  contact  with  the  latter  ceUs,  following  the 
Constrictions  of  the  chsk,  but  afterwards  becomes  f-t^^^  f*?^;^  [J; 
moved  as  it  sweUs  and  tends  to  assume  a  globular  form  (fig.  58)  Uj  the 
motion  of  he  cilia  the  mother-ccH  membrane  is  gradually  thro^vn  off",  and  the 
Tim-  family  escapes  into  the  water.  Its  eight  green  primordial  ceUs  still 
LTose  the  last  traces  of  the  red  substance,  which  gradually  disappear...  and 
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instead  of  wliich  ai-e  seen  two  granules ;  the  primordial  cells  arc  m  im- 
mediate contact  at  the  sides,  and  are  of  an  oval  or  globular  shape ;  their 
common  enveloping  membrane  is  at  first  constricted  at  the  border  following 
the  outUne  of  tlie  primordial  ccUs  ;  it  eventually  becomes  globular,  although 
continuing  for  a  long  time  much  flattened  at  the  poles,  in  the  form  of  a  disk- 
shaped  spheroid.  When  the  G7iIamydococcits-]ike  unicellular  Stephanosphcera 
has  commenced  its  di\'ision  early  in  the  evening,  the  division  into  eight  is 
perfected  during  the  night,  and  eai'ly  in  the  morning  the  young  family  qmts 
its  cast-off  mother-cell  membrane. 

"■  In  the  course  of  the  day  the  individual  primordial  cells,  and  their  common 
enveloping  membrane,  grow  until  the  latter  attains  a  diameter  of  0-040- 
0-048'".  Dui'ing  this  growth  the  shape  of  the  primordial  cells  is  changed 
by  the  formation  of  various  prolongations  in  the  manner  above  described : 
but  in  the  coui-se  of  the  afternoon  the  primordial  cells  again  become  round ; 
and  during  the  evening,  division  commences  in  them  precisely  similar  to  the 
process  in  the  unicellular  Stephanosphcem  :  on  the  following  morning  we 
find  eight  yotmg  families,  with  the  common  enveloping  membrane,  which 
soon  escape  and  go  thi-ough  the  same  process.  It  is  calculated  that  in  eight 
days,  imder  favourable  circumstances,  16,777,216  families  may  be  formed 
from  one  resting-cell  of  Stephanosphcera.  It  is  remarkable  that  the  division 
of  the  primordial  cells  in  8teplianosplim-a  is  confined  to  a  certain  time  of  day : 
it  begins  towards  evening,  and  is  completed  the  following  morning.  In  the 
obsei-vations  made  in  Lapland,  at  a  time  when  the  daylight  there  lasted  diu-ing 
the  whole  night,  the  beginning  and  end  of  the  division  were  observed  to  take 
place  at  almost  the  same  hours  as  in  the  observations  made  at  Breslau  in  the 
spring,  when  the  day  and  night  were  almost  of  equal  length.  Sometimes 
the  division  ceases  after  the  formation  of  only  four  primordial  cells.  On  one 
occasion  the  authors  observed  a  family  with  only  three  cells,  one  only  of 
the  two  halves  first  formed  having  undergone  a  second  division.  In  Lap- 
land a  family  with  sixteen  cells  was  once  observed. 

"The  authors  then  proceed  to  discuss  the  natui'e  of  the  resting-cells  in 
StephanospJicera  and  Ohiamyclococcus,  and  come  to  the  conclusion  that  they 
are  not  spores ;  i.  e.  that  they  are  not  of  the  same  nature  as  the  red  cells  of 
CEdogonium,  Bulhoclicete,  Dmparnaldia,  CJicetophora,  Spha'roplea,  Volvox,  &c. 

"  They  come  to  this  conclusion  upon  two  grounds :  1st,  that  the  resting- 
ceUs  in  question  continue  to  grow  after  becoming  quiescent ;  and  secondly, 
that  it  is  probable  (although  not  yet  proved)  that  the  resting-cells  increase 
by  self-division,  thus  producing  new  generations  of  resting-ceUs.  These  two 
characteristics  the  authors  consider  inconsistent  with  the  idea  of  a  spore. 

"  In  conclusion,  the  authors  notice  the  formation  of  microgonidia  in  Stepha- 
nospJicera, which  takes  place  by  the  division  of  the  primordial  cells  into  num- 
berless small  portions.  Fig.  5  shows  a  Steplianosphaira,  in  which  seven  of  the 
eight  primordial  cells  have  formed  microgonidia  ;  the  individual  microgonidia 
(fig.  52  a,  b,  c)  become  free  by  the  disintegration  of  these  eight  groups  into 
their  constituent  portions.  The  authors  think  it  not  improbable  that  the 
microgonidia  exercise  an  impregnative  influence  in  spore-formation,  but  admit 
that  there  is  no  evidence  to  prove  it." 

Mr.  Currey  (/.  M.  S.  1858,  p.  209)  reopens  the  question  concerning;  the 
natm-e  of  the  red  resting-ceUs  of  Steplmnosphmra,  and  argues  against  tlie 
conclusion  drawn  by  Cohn  and  Wichura.  He  says  those  observers  have 
noticed  "  that  these  cells  in  Stepthanosphmra  pluvialis,  which  are  at  first  of  a 
gi-een  colour,  and  furnished  with  cilia,  increase  in  growth  after  the  green 
colour  and  the  cilia  have  disappeared,  i.  e.  after  they  have  assumed  a  state  of 
rest,  a  fact  which  they  consider  to  militate  against  their  character  as  spores. 
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"  '  We  have  seen,'  they  say,  '  that  these  rcsting-cclls,  after  they  have  been 
formed  by  the  metamorx)hosis  of  a  motile  primordial  cell,  increase  in  growth 
considerably,  that  they  go  throiigh  a  fiu-ther  vegetative  development,  and 
have,  therefore,  not  reached  the  termination  of  their  vital  process.'  And 
they  then  add — '  It  is  contrary  to  the  idea  of  a  spore,  that  it  should  continue 
to  grow  after  having  assumed  the  character  of  a  resting-cell ;  and  the  fact  has 
never  yet  been  observed  in  any  single  case.'  It  would  seem  that  these 
remarks  are  intended  to  be  limited  to  the  Algae ;  but  it  is  worthy  of  obsei-va- 
tion,  that  the  spores  of  the  ascigerous  Fungi  frequently  increase  in  growth 
after  escaping  from  the  asei ;  and  if  this  circumstance  is  not  to  be  looked  upon 
as  affecting  their  character  as  spores,  it  is  difficult  to  see  why  a  different  rale 
should  be  applied  to  the  Algae. 

"  Cohn  and  Wichura  moreover  consider  that  the  increase  by  self- division 
is  irreconcileable  with  the  idea  of  a  spore.  In  speaking  of  the  red  cells  of  Ohla- 
mydococciis  joluviulis,  they  express  a  doubt  whether  in  those  cells  increase  by 
self-division  takes  place,  but  assert  that,  if  such  should  prove  to  be  the  case, 
it  would  be  conclusive  against  their  being  spores,  considering  self-division  (if 
I  understand  them  right)  to  be  a  process  of  vegetative  development  distinct 
from  germination.  These  obsei-vations  are  worthy  of  the  careful  attention  of 
microscopists ;  and  without  ventiu'ing  an  opinion  as  to  their  correctness,  I 
would  only  remark,  that  if  the  resting-ceEs  of  Ghlamydococcus  and  Stepha- 
nosplLcera  are  not  to  be  considered  spores,  that  character  must  also  be  denied 
to  the  resting-ceUs  of  CEdoc/oniwm,  Bulboclicete,  Draparnaldia,  Sjyha^roj^lea, 
and  Volvox,  if,  as  is  more  than  probable,  there  should  be  detected  in  these 
latter  cells,  1st,  an  increase  in  growth  after  becoming  quiescent ;  or,  2dly, 
increase  by  self-division."  . 

YoLvox  (XX.  32-49). — This  genus  has  always  been  an  especial  favour- 
ite with  microscopical  students.  Its  colonies  of  nixmerous  monadiform  green 
bodies  distributed  over  the  surface  of  miniattu'e  globes,  endowed  with  active 
motion  revolving  hither  and  thither,  form  one  of  the  most  pleasmg  objects 
that  the  microscope  can  display.  Moreover,  the  more  minutely  the  globes  of 
the  Volvox  are  examined,  the  more  mterest  do  they  awaken,  by  reason  of  the 
regularity  and  beauty  of  theii'  mtimate  stnictui'e,  and  of  the  results  of  their 

vital  processes.  ,     ,    „  n  i  -i 

The  consequence  of  this  has  been  a  host  of  observers  and  writers  on  the 
anatomy  and  physiology  of  Volvox,  and  a  formidable  array  of  conflicting 
views  on  those  topics,  the  consequence  of  careless  and  insufficient  resear^, 
of  indifferent  instruments,  and  of  the  influence  of  fanciful  hypotheses.  ^Ae 
shall,  however,  attempt  no  analysis  of  the  many  accounts  of  Volvox  m 
existence,  but  restrict  ourselves  to  an  abstract  of  the  more  recent  important 
observations  and  conclusions  of  Professors  WilHamson  and  Busk,  particularly 
of  the  former  and  earlier  observer  on  that  organism,  premismg  it  by  a  bnei 
notice  of  Ehrenberg's  views.  i_  j 

Formerly  the  whole  globular  mass  was  regarded  as  a  smgle  warty  and 
ciHated  animalcule  ;  and  the  act  of  bui'sting,  whereby  the  smaUer  globes  de- 
veloped within  it  which  had  reached  maturity  were  hberated,  was  considered 
to  be  the  birth  of  young  animals.  This  theory  Ehrenberg  clearly  proved  to 
be  erroneous,  and  showed  that,  to  use  his  language,  the  supposed  spheiicai 
animalcule  was  in  reahty  a  colony  of  monad-Hke  beings  distnbiited  over  the 
inner  smface  of  a  common  lorica,  and  connected  together  by  fihform  cords  or 
tubes  -  in  other  words,  he  proved  each  sphere  or  globe  to  be,  if  we  may  so 
term  it  a  hoUow  cluster  of  many  lumdi-eds  or  even  thousands  of  h^mg  occu- 
Ss  and  to  frequently  contain  within  it  other  sniaUer  hoUow  spheres, 
Sila'r  in  nature  to  itself,  and  in  fact  developed  from  it  by  a  process  of  self- 
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cli^-ision  The  result  of  these  considerations  led  Ehrenberg  to  perceive  the 
true  homology  between  the  spheres  of  Volvox  and  the  four-sided  tablets  of 

Gonium.  t.     j^-j.  j 

Each  member  of  the  colony,  he  added,  has  an  mdividuahty  of  its  own  and 
to  aU  appearance  resembles  aai  ordinary  simple  monad,  enclosed  mthin  a 
lorica  (a  lacenia),  having  a  red  eye-speck,  a  double  filiform  proboscLS  or 
filament  protruding  fi-om  the  surface  of  the  common  spherical  lonca  and 
giving  the  hairy  or  ciliated  appeai-ance  to  it,  and  at  the  base  of  these  filaments 
a  mouth,  indicated  by  a  bright,  clear  spot.  InternaUy  Ehi;enberg  beUeved 
he  discerned  clear  digestive  cells,  a  contractile  seminal  vesicle,  one  or  two 
round  sexual  glands,  and  numerous  green  ova.  The  foUowiiig_  history  of 
Volvox  conveys  the  present  state  of  information  and  opinion  on  this  interest- 
ing organism. 

The  globes  of  Volvox  are  bounded  externally  by  a  hyaline  structureless  ' 
membrane  or  pelhcle,  which  corresponds  to  the  "  envelope-cell"  as  understood 
by  Cohn  (XX.  34,  45).  Distributed  on  the  inner  wall  or  surface  of  this  mem- 
brane, is  (in  Cohn's  words  J.  M.  S.  1857,  p.  140)  "  an  infinitude  of  very 
minute  hexagonal  cells,  attached  to  each  other  in  the  same  way  as  are  the 
elements  of  an  epidermic  tissue"  (XX.  38).  The  protoplasmic  matter  or 
the  endochrome  of  each  ceU  constitutes  the  presumed  monad  of  Ehrenberg, 
which  is  flask-shaped,  and  protrudes  its  tapering  extremity  or  neck  outwards, 
bearing  at  its  apex  two  cihary  filaments  which  penetrate  the  common  envelope 
and  vibrate  freely  in  the  surrounding  water. 

The  green  substance  composing  each  monadiform  iadividual  or  "  primordial 
cell,"  is  the  usual  vegetable  protoplasm,  and  contains  chlorophyll- vesicles,  a 
clear  globule  or  nucleus,  one  or  rarely  two  contractile  vesicles,  and  usually  a 
brownish-red  speck,  regarded  by  Ehrenberg  as  a  visual  organ  (XX.  35)  ;  the 
filaments  are,  as  usual,  productions  from  the  protoplasm.  Eurther,  each  green 
globule  is  enveloped  in  one  or  more  partially  organized  special  membi'anes, 
which  are  in  more  or  less  close  apposition  with  it  according  to  the  age  and 
the  conditions  of  Hfe  under  which  the  Volvoa:  is  placed  (XX.  85, 37),  and  give 
it  the  essential  characters  of  a  cell  vsdth  a  ceU-wall.  In  the  early  stage  of 
development  the  several  protoplasmic  masses  in  a  colony  are  closely  aggre- 
gated ;  but  as  age  advances,  a  clear  interval  surrounds  and  separates  them, 
traversed  by  several  prolongations  of  the  protoplasmic  matter  connecting 
together  adjoining  cells  (XX.  37).  These  processes  extend  outwards  hke  so 
many  rays  from  each  primordial  cell,  and  as  a  rule  encounter  those  from  siu'- 
rounding  cells  at  a  determinate  distance,  where  they  meet  with  an  external, 
delicate,  transparent  membrane — the  wall  of  the  cell  of  which  the  central 
green  globule  represents  the  nucleus.  This  thin  membrane  forms  the  bound- 
ary of  each  clear  space  surrounding  the  contained  green  globule  ;  and  from 
the  mutual  pressure  of  the  assemblage  of  cells  composing  the  Volvo,v,  it 
acquires,  as  seen  from  above,  a  hexagonal  figiu-e  (XX.  38,  39-41,  45). 

We  have  observed  ah-eady  that,  as  age  advances,  the  space  or  areola  aroimd 
each  primordial  cell  increases ;  that  is,  the  external  ceU-wall  becomes  fm-ther 
detached  from  the  contained  protoplasmic  mass,  and  hence  the  processes  con- 
necting tlio  two — at  first,  and  even  for  some  considerable  time  during  active 
nutrition,  thick,  clumsy,  and  ii-regular  (XX.  42,  43)— become  gradually 
stretched,  until  they  are  eventually  converted  into  attenuated  tlu-eads  or 
almost  imperceptible  lines.  In  fact,  by  over-distension  of  the  ceUs  from 
any  cause,  whether,  as  commonly  happens,  from  advancing  age,  or  from  the 
brealdng  up  of  the  globe,  these  cords  get  ruptm-ed,  and  then,  by  retracting 
themselves  from  the  outer  delicate  ccU-waU,  coalesce  with,  the  protoplasmic 
central  mass,    (^n  comparing  this  structm-c  mth  that  of  Goniirm  as  recorded 
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by  Cohu,  a  close  homology  is  perceiJtible.  In  this  plant  the  membrane  siu-- 
rounding  the  hexagonal  primordial  cells  gives  off  from  each  angle  a  tubular 
process,  which  comes  into  intimate  apposition  at  its  extremity  with  that  from 
an  adjoining  cell.  However,  between  these  processes  of  Gonium  and  those  of 
Volvoa;,  there  is  this  difference,  that  in  the  former  it  is  only  the  primordial 
membrane  which  is  drawn  out  to  form  a  canal  or  tubule,  whilst  in  the  latter 
the  protoplasm  itself  is  at  first  extended  with  its  membrane,  and  subsequently 
coUapses  into  a  delicate  band. 

The  circular  contractile  vesicle  noticed  by  Ehrenberg  has  had  its  existence 
confirmed  by  Mr.  Busk  in  mature  cells  {T.  M.  S.  1852,  p.  35)  :— "  It  may  be 
situated  in  any  part  of  the  zoospore  (XX.  35),  not  unfi-equently  in  the  base, 
or  even  in  the  midst  of  one  or  other  of  the  bands  of  protoplasm  connecting  it 
with  its  neighbours ;  it  is  pretty  uniform  in  size,  and  about  l-9000th  of  an 
inch  in  diameter."  Its  most  curious  property  is  its  rhythmical  contractUity, 
its  pulsations  occurring  very  regTilarly  at  intervals  of  about  38"  to  41".  The 
contraction  is  rapid,  whilst  the  dilatation  is  gradual."  The  vesicle  "  would 
seem  to  exist,  or  at  all  events  to  present  a  contractile  property  only  for  a 
limited  period,  and  to  disappear  soon  after  the  formation  of  the  brown  spot," 
i.  e.  the  eye-speck.  The  coloiu-ed  eye-speck  or  stigma  Hes  close  against 
the  primordial- cell  waU,  it  is  not  invariably  present,  and  consequently  cajmot 
be  esteemed  of  essential  importance  as  a  characteristic. 

The  wall  of  a  Volvox  has  an  appreciable  thiclmess,  represented  by  a  vertical 
section — ^in  fact  by  the  depth  of  the  cells,  which  are  placed  side  by  side,  the 
lines  of  junction  being  straight  and  perpendicular  to  the  external  surface  of 
the  globe  (XX.  36).  The  inner  sides  of  the  ceUs,  bounding  the  internal  cavity 
of  the  globe,  are  somewhat  convex,  the  result  of  mutual  lateral  pressure,  and 
the  absence  of  centrifugal  pressme.  Prof.  WiUiamson  has  weH  displayed 
this  by  sectional  diagrams  taken  from  his  preparations.  These  sectional  views 
also  demonstrate  the  position  of  the  rounded  masses  of  green  protoplasm — 
the  primordial  sacs— to  be  immediately  on  the  inside  of  the  peripheral  mem- 
brane or  envelope-ceU  of  the  Volvox  (XX.  37,  38). 

Development  of  FoZyo.r.— Self-division  of  the  primordial  cells,  or  zoospores 
(Busk),  of  Volvox  is  regulated  by  the  same  laws  that  prevail  in  other  Volvo- 
cinece  and  in  other  unicellular  Algae  ia  general.  Among  the  younger  speci- 
mens of  Volvox,  one  or  more  larger  globules  are  observable  (_XX.  42-44)^,  which, 
if  watched,  wiH  be  found  to  imdergo  segmentation,  first  into  two  (XX.  42), 
then  into  four  portions  (XX.  43),  and  so  on  (XX.  46),  always  keepmg  to  the 
power  of  two  and  its  mtdtiples,  until  some  hundi-eds  of  nunute  coiiDuscles  ai-e 
developed  (XX.  47),  which,  according  to  thenatiu-e  of  the  genus,  so  dispose 
themselves  in  a  lamina  as  to  enclose  a  hoUow  spherical  space,  and  to  assume 
the  characteristic  globular  form.  Thus  a  new  Volvox  is  generated,  but  differ- 
ing from  mature  forms  in  the  contiguity  of  its  component  individuals,— a  differ- 
ence, however,  which  progressively  vanishes  with  advancing  age.  The  young 
globe  lies  immediately  within  the  parent  being,  to  wliich  for  a  time  it  adheres, 
as  it  would  seem,  by  means  of  a  delicate  capsular  membrane,  within  which 
its  development  has  proceeded.  This  indeed  forms  its  sole  bond  of  umon  ^vitli 
the  common  envelope  of  the  parent  Volvox  (XX.  33). 

When  first  formed,  the  cUia  of  the  primorchal  ceUs  do  not  penetrate  thi'ougli 
the  external  envelope  of  the  young  globe :  however,  this  condition  is  of  short 
duration  •  for  no  sooner  is  the  detachment  from  the  waU  of  the  pai-ent  about  to 
supervene  than  the  ciHa  protmde  externally,  and,  commencmg  then-  vibratile 
movements,  soon  set  the  newly-developed  colony  in  motion  within  the  cavity 
nf  lt=!  Dfirent  The  detachment  is  consequent  on  the  niptm-e  of  the  mvestmg 
capsule,  caused,  no  doubt,  by  the  constantly  enlarging  bulk  of  the  young 
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orRanisms.  Constantly  several  youiig  colonics  are  developed  from  the  parent 
at  the  same  time,  or  nearly  so,  by  the  self-fission  of  vanous  primordial  cells ; 
hence,  as  a  rule,  a  brood  of  young  globes  is  to  be  seen  revolving  mthm  the 
parent  sphere  (XX.  33),  from  which  ere  long  it  is  rdeased  by  its  rupture. 

The  condition  of  the  incHvidual  ccUs  of  a  yoimg  Volvox-  has  ah^ady  been 
mentioned,— viz.  their  close  apposition  at  fii'st,  their  gradual  separation  by  an 
intei-val,  the  appearance  of  radiating  processes  fi'om  the  protoplasm,  and  theu- 
progressive  attenuation.  To  this  account  we  may  add  that  contiguous  inter- 
cui-rent  processes,  in  theii-  eai-her  stages,  appear  to  coalesce,— a  circumstance 
which  indicates  that  the  protoplasm  is  then  unenclosed  by  a  pellicle  or  envelope. 
Again,  the  protoplasm  gradually  contracts  itself  into  its  flask-shape,  the  retrac- 
tion and  coalescence  of  its  processes  being  a  simultaneous  phenomenon ;  indeed 
contraction  of  the  protoplasmic  globules  advances  continuously  untU,  as  m  old 
specimens,  only  a  small  rounded  mass  appears  in  the  centre  of  a  large  clear 
space.  Lastly,  the  coloni-ed  stigma  is  an  after-production ;  and  its  advent 
would  seem  to  indicate  the  maturity  of  the  ceU. 

Analogy  with  other  Volvodnece  would  lead  us  to  look  for  a  qmescent  or 
"  still"  stage  of  the  cells  of  Volvox,  and  the  fonnation  of  microgonidia,_in 
addition  to  the  process  described,  viz.  multiplication  by  seK-division  with 
the  production  of  macrogonidia.  That  a  "  still "  form  actually  occurs  is 
pretty  clearly  shown  by  Mr.  Busk's  observations  of  Volvox  aureus,  from 
which  this  presumed  species  appears  to  be  nothing  more  than  Volvox  glo- 
bator,  having  a  varying  number  of  its  cells  encysted  to  form  the  vpinter  or 
"  resting  "  spores.  The  primordial  cells  which  are  to  undergo  this  change 
are  at  first  indistinguishable  from  the  ordinary  ones,  except  in  having  a 
deeper  green  colour  (Bush,  op.  dt.  p.  38).  Afterwards,  however,  they  ac- 
quii-e  a  thick  wall,  change  to  a  yellow  colour  (hence  the  appellation  aureus, 
golden  or  yellow),  without  material  alteration  of  size,  and  produce  a  second 
equally  fiim  and  distinct  envelope ;  or  rather,  it  may  be,  the  original  cells 
contract  somewhat,  and  then  form  a  second  coat  around  themselves.  Even- 
tually a  considerable  space  exists  between  these  two  coats,  occupied  by  a 
clear  and  apparently  aqueous  fluid ;  but  upon  the  addition  of  a  solution  of 
iodine,  a  granular  cloudiness  is  produced  in  it.  The  contents  of  the  inner 
cell  consist  chiefly  of  amylaceous  grains,  mixed  with  a  greenish  material  in 
the  one  case,  and  with  a  bright  yellow,  apparently  oily  fluid  in  the  other. 
The  amylaceous  particles  are  of  an  irregular  botryoidal  form,  and  far  from 
uniform  in  size. 

Mr.  Currey,  in  a  recent  interesting  communication  on  fi'esh-water  Algae 
{J.  M.  S.  1858,  p.  208),  states  that  he  has  seen  "  one  of  the  large,  orange- 
colom-ed  spores  of  the  so-called  V.  aureus,  which  is  only  the  resting  form  of 
V.  globator,  where  the  contents  divided  into  five  globular  colourless  cells, 
which  floated  in  a  mass  of  reddish  plasma,  being  apparently  the  remains  of 
80  much  of  the  original  contents  of  the  cell  as  had  not  been  absorbed  in  the 
formation  of  the  secondary  cells." 

Of  the  Volvox  stellatus,  Mr.  Busk  adds  that  it  seems  to  him  merely  a  modi- 
fication of  V.  au/reus,  and  appears  to  follow  the  same  course  of  change,  and 
doubtless  of  future  development.  With  these  conclusions  Prof.  WiUiamson 
coincides,  and  remarks  (op.  dt.  p.  56)  that  "  the  ordinary  power  of  gemma- 
tion in  V.  stellatus  appears  to  have  worn  itself  out,  since,  though  the  gemmae 
often  exist  with  the  spores  (?),  they  are  small,  colourless,  and  abortive." 

It  must  also  bo  mentioned  that  Perty  suggests  an  analogous  interpretation 
of  the  nature  of  Volvox  aureus,  and  doubts  hkewise  the  specific  importance 
of  V.  stellatus. 

iSincc  the  above  remarks  were  penned,  Cohn's  researches  on  Volvox  glohator 
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have  determined  the  reality  of  another  mode  of  reproduction  besides  fission, 
as  surmised  (Ami.  Sc.  Nat.  and  Comptes  JRendus,  1856).  The  abstract  of 
this  most  interesting  paper  is  translated  in  the  J.  M.  S.  1857,  p.  149  : — "  The 
second  mode  of  reproduction  of  Volvox  requii'es  a  sexual  conjunction,  and  is 
not  observed  indifferently  in  all  individuals.  The  spherules  endowed  Math 
the  sexual  function  are  distinguished  by  their  volume  and  the  more  consi- 
derable number  of  their  component  utricles  :  they  are  generally  monoecious  ; 
that  is  to  say,  they  enclose  at  the  same  time  male  and  female  cells,  although 
the  majority  of  their  contents  are  neuter.  The  female  cells  soon  exceed  their 
neighboiu's  in  size,  assume  a  deeper  green  colour,  and  become  elongated  like 
a  matrass  towards  the  centre  of  the  Volvox.  The  endochrome  of  these  cells 
does  not  undergo  fission.  In  other  cells,  on  the  contrary,  which  acqidre  the 
size  and  form  of  the  female  cells,  the  green  plasma  may  be  seen  to  divide 
symmetrically  into  an  infinity  of  very  minute  particles,  or  linear  coi-pnscles, 
associated  into  discoid  bimdles.  These  axe  furnished  with  vibratile  cUia,  and 
oscillate  at  fii'st  slowly  in  their  prism  ;  but  the  movement  soon  becomes  more 
active,  and  the  bundles  speedily  break  up  into  their  constituent  elements. 
The  free  corpuscles  are  very  agile,  and  it  is  impossible  to  regard  them  as  any- 
thing but  true  spermatozoids  ;  they  are  hnear  and  thickened  at  the  posterior 
extremity  ;  two  long  ciha  are  placed  behind  their  middle,  and  the  rostrum, 
which  is  cui'ved  like  the  neck  of  a  swan,  possesses  sufficient  contractility  to 
execute  the  most  varied  movements.  These  spermatozoids,  so  soon  as  they 
axe  they  are  able  to  disperse  themselves  in  the  cavity  of  the  Volvox,  quickly 
crowd  around  the  female  cells,  into  which  they  eventually  penetrate ;  arrived 
there,  they  attach  themselves  by  the  beak  to  the  plastic  globule,  destined  in 
each  cell  to  form  a  spore,  and  with  which  they  are  gradually  incorporated. 
Pecundation  having  been  thus  effected,  the  reproductive  globule  becomes  enve- 
loped successively  by  an  integument  exhibiting  conical  pointed  eminences,  and 
by  an  interior  smooth  membrane ;  the  chlorophyll  which  it  contained  is  now 
replaced  by  starch  grains,  and  a  red  or  orange-colom-ed  oil.  This  is  the  con- 
dition of  the  spore  at  maturity ;  and  occasionally  forty  of  these  bodies  may  be 
counted  in  a  single  globe  of  Volvox.  The  germination  of  these  reproductive 
bodies  has  not  yet  been  observed,  so  that  their  history  cannot  be  regai-ded  as 
complete ;  but  from  analogy  it  may  in  the  meanwhile  be  assumed  that  they 
germinate  in  the  same  way  as  do  the  spores  of  (Edogonmm,  Spliasroplea,  and 
other  Algfe  belonging  to  the  same  order.  It  may  be  maintained,  moreover, 
as  certain  that  the  Sphcerosira  volvox,  Ehr.,  is  nothing  else  than  a  monoecious 
Volvox  globator ;  that  his  Volvox  stellatus  is  also  V.  globator,  obseiTcd  at  the 
time  when  it  is  filled  with  stellate  spores ;  and  lastly,  that  his  V.  aureus 
differs  fi'om  the  other  forms  of  the  same  species,  simply  in  the  smooth  [and 
coloured]  condition  of  the  spores." 

FAMILY  IV.— VIBEIONIA. 
(Plate  XYIII.  57  to  69.) 

This  family  follows,  in  Ehrenborg's  system,  the  Volvochiece  ;  yet,  by  reason 
of  the  extreme  simplicity  of  structiu-e  of  the  beings  composing  it,  it  should,  in 
any  attempted  natiu-al  system,  be  placed  even  below  the  Monadina. 

The  distinguished  author  of  the  InfusionstJderchen  attributed  an  animal 
nature  to  the  Vibnonia,  and  although  obliged  to  confess  his  inability  to  detect 
any  internal  organization,  nevertheless  argued,  from  analogy,  that  a  polygas- 
tric  structure  was  to  be  presumed,  and  that  theii-  movements  were  voluntary, 
and  of  themselves  sufficient  proof  of  animality.  In  Bacterium  triloculare, 
indeed  Ehrenberg  believed  he  saw  an  internal  granular  ova-mass,  a  Aabratile 
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filament,  and  spontaneous  fission.  Of  the  Vihrionia  generally,  he  stated  that 
they  were  imablo  to  change  the  form  of  theii-  body,  although  without  lonca, 
and  that  by  imperfect  self-division  they  formed  chains  or  concatenated  fila- 
ments, which  in  Spirillum,  from  the  obUquity  of  the  junction-surfaces  of  the 
component  Vibrios,  assume  a  spiral  form. 

Various  later  writers,  among  whom  are  Leuckhart,  Cohn,  and  Biimett, 
would  transfer  the  Vihrionia  to  the  vegetable  kingdom.  The  last-named 
author  contributed  a  valuable  paper  to  the  American  Association  in  1850  ; 
but  the  most  recent  examination  of  the  natm-e  and  structure  of  the  beings  in 
question  is  from  the  able  pen  of  Dr.  Cohn  {Entio.).  We  must  also  mention 
that  Perty  has  given  considerable  attention  to  the  Vihrionia,  and  contiibuted 
some  original  obsei-vations.  It  is  to  Cohn's  account,  however,  that  we  shall 
chiefly  resort  in  our  attempt  to  describe  the  minute  and  curious  members  of 
this  family,  which,  if  not  rich  in  genera,  is  imsurpassed  by  any  in  the  abun- 
dance and  diffusion  of  its  members. 

Some  natiu-alists  have  considered  the  Vihrionia  to  be  the  active  agents  in 
producing  putrefaction,  since  they  are  invariably  found  in  decomposing  fluids, 
just  as  the  yeast-plant  (Torula)  always  occui'S  in  fermenting  saccharine  mat- 
ters and  appears  to  excite  the  process  of  fermentation. 

The  Vihrionia  are  for  the  most  part  colourless ;  under  certain  conditions, 
however,  they  assiune  a  yellow,  red,  or  a  blue  tiut,  but  never  a  green  colour'. 
Their  movements,  says  Perty,  are  rapid  and  energetic,  so  much  so  that  the 
corpuscles  of  Hyscjinum  nivale,  although  at  least  one  thousand  times  larger, 
are  thrust  aside  by  Bacterium  Termo  when  in  motion.  They  can  advance 
with  either  end  forward  with  equal  facility,  and  mostly  seem,  after  proceed- 
ing a  certaiu  distance,  to  retrace  their  course  to  the  point  they  started  from. 

The  extreme  minuteness  of  some  Vihrionia  may  be  conceived  fi'om  the 
statement  of  Perty ,  that,  according  to  his  calculation,  four  thousand  millions 
occupy  no  more  space  than  one  cubic  hue. 

Dujardin,  who  retains  the  Vih'ionia  among  animalcules,  makes  the  follow- 
ing remarks  : — "  The  Vihrionia  are  the  first  Infusoria  which  present  them- 
selves in  aU  ijifusions,  and  which  from  their  extreme  smaUness,  and  the  im- 
perfection of  our  means  of  observation,  must  be  considered  the  most  simple ; 

 for  it  is  only  their  more  or  less  active  movements  which  lead  to  their 

being  regarded  as  animals  at  all.  I  have  been  sometimes  induced  to  beheve 
that  there  is  a  flagehifonn  fidament,  analogous  to  that  of  monads,  or  rather 
perhaps  a  spiral  undrdating  one,  which  produces  the  pecuHar  mode  of  loco- 
motion. Is  the  Bacterium  triloculare,  described  by  Ehrenberg  as  having  a 
proboscis,  a  true.  Vihrio  ? 

"  All  that  can  be  with  certainty  predicated  respecting  their  organization  is 
that  they  are  contractile,  and  propagate  by  spontaneous  fission,  often  imper- 
fect in  character,  and  hence  give  rise  to  chains  of  greater  or  less  length." 

Cohn  modestly  premises  {Entw.  p.  118)  that  his  researches  have  been  di- 
rected chiefly  to  one  species  ;  yet,  from  scattered  observations,  and  from  pre- 
sumptive evidence,  he  Avould  assign  a  vegetable  natui-e  to  all  the  species. 

In  decomposing  infusions,  often  after  a  few  hom-s,  extremely  minute 
corpuscles  may  be  seen  in  countless  number,  having  the  figure  of  a  dot  or 
comma,  or  of  veiy  delicate  lines  with  the  ends  somewhat  thickened.  Their 
motion  IS  tolerably  active,  darting  hither  and  thither,  contorting  themselves 
at  the  same  time  by  a  rotating  movement  upon  their  long  axis,  and,  when  in 
masses,  produce  the  appearance  of  a  ceaseless  swarming,  in  which  the  indi- 
vidual specks  are  easily  overiooked  on  account  of  their  smaUncss.  Tlioy, 
however,  chff"er  in  size  among  themselves,  varying  from  1-2000  to  1-700"'  in 
length.    Ehrenberg  attributed  to  this  world-wide  form  the  name  of  Vihrio 
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lineola,  whilst  Dujardin  more  correctly  separated  it  from  tlie  Vibrios  under 
the  name  of  Bacterium  Termo.  Under  this  latter  appellation  Perty  has  also 
described  it. 

Now  when  we  come  to  examine  an  infusion  rich  in  these  organisms,  nu- 
merous jelly-like  coloiu'less  masses  of  different  size  and  figure  (XYIII.  69) 
may  be  met  with  on  the  walls  of  the  vessel,  and  on  the  siu-face  of  the  fluid. 
These  when  young  resemble  small  balls,  from  1-100"'  and  less  iu  diameter ; 
but  as  they  contiuue  constantly  to  enlarge,  they  acquire  a  clustered  outline, 
and  exhibit  themselves  as  colourless  masses  and  films  of  very  considerable 
superficial  dimensions  and  thickness,  resembling  soft  Palmellse  in  consistence. 
Like  these  they  are  composed  of  a  transparent  mucus,  in  which  numberless 
punctate  or  hnear  corpuscles  are  imbedded.  These  last  are  identical  with 
the  isolated  particles  faiown  as  Bacterium  Termo.  That  these  corpuscles  are 
held  together  by  the  common  mucus,  is  evident  to  the  eye ;  even  the  largest 
films  are  also  composed  of  globular  clusters  agglomerated  together,  the  out- 
line of  the  gelatinous  mass  appearing  sharply  defined  in  the  water.  More- 
over, the  linear  corpuscles  appear  more  thickly  congregated  at  the  peripheiy 
than  in  the  centre  of  the  spherical  collections ;  but  this  is  an  optical  delusion. 
Again,  when  coloui-ing  matter  is  added  to  the  water,  the  Bacterium-mucus  is 
not  tinged  by  it ;  and  when  any  passing  Infusorium  impinges  against  it,  its 
sui-face  is  pressed  in  ;  and  lastly,  the  absence  of  an  independent  and  inherent 
molecular  motion  among  the  particles  show  them  to  be  enclosed  within  a  re- 
sistant mediimi.  Frequently,  whilst  under  observation,  single  corpuscles  may 
be  seen  to  detach  themselves  and  swim  away  in  the  characteristic  manner.  _ 

The  definite  outline  and  figare  of  the  mucilaginous  globules,  and  of  their 
clusters,  refute  the  notion  that  such  are  merely  collections  of  dead  Bacterium- 
corpuscles.  The  indication  is  rather  that  the  Palmella-]ike  masses  represent 
the  young  condition  of  Bacterium ;  indeed,  the  same  cycle  of  development 

proceeds  as  in  Palmella,  Tetraspora,  and  allied  forms  The  only  difference 

betwixt  the  JSacienwrn-heaps  and  Palmella-  or  Te^raspom-masses  is,  that  m 
the  first  the  individual  corpuscles  are  so  miuute  that  the  characters  of  simple 
ceHs  cannot  confidently  be  assigned  them,  and  that,  iastead  of  being  yellow 
or  lio-ht  green,  they  are  quite  colourless.  Nevertheless,  in  Kutzmg's  Palmella, 
Brebissonii  and  P.  liyalina,  the  ceUs  are  only  1-3000  to  1-1000"'  in  length, 
whilst  their  figure  and  distribution  are  iudistinguishable  from  Bacterium.  The 
absence  of  colour  is  a  feature  of  the  Rmgi  connected  with  theu-  occurrence 
in  decomposiag  infusions  ;  yet  Palmella  hyalina  has  only  a  pale  ochreous  hue, 
and  Cohn  seems  to  satisfactorily  estabhsh  that  the  mere  presence  or  absence 
of  colour  cannot  constitiite  that  decisive  character  which  the  separation  of 
the  microscopic  Pungi  from  the  Algse  implies. 

From  the  above  it  appears  evident  that  the  corpuscles  known  as  Badenum 
Termo  are  the  swarm-ceUs  (zoospores)  of  a  plant  allied  to  Palmella  and  Te- 
traspora,  but  referable,  by  reason  of  the  want  of  colour,  to  the  microscopical 
aquatic  Fungi.  When  these  Vibrios  pass  iato  a  state  of  rest,  they  accumu- 
late on  the  surface  of  the  water  in  the  form  of  films,  &c.,  as  do  the  restmg- 
spores  of  Tetraspora,  Stigeoclinium,  Conferva,  and  other  .UgfB,  _  but,  unlike 
these  are  connected  together  by  an  interccUular  substance,  withm  which 
their  growth  proceeds,  and  leads  frequently,  as  Perty  has  iUustrated,  to  theii- 
disposal  in  liaear  branching  scries.        ,  ,     „  n    i?  ti 

From  the  analogy  with  Tetraspora  and  the  other  swai-m-cells  of  Algae  and 
Fund  it  must  be  assumed  that  tiie  5«f<er«(.»i-corpuscles  move  by  means  ot 
a  vibratilo  fibre ;  indeed  Ehrenbcrg  intimates  having  seen  a  filament  in 
Bacterium  triloculare,  and  Dujardin  considered  some  such  mechamsra  pro- 
bable. 
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The  growth  of  the  mucous  balls  is  the  consequence  of  the  constantly  re- 
peated transverse  fission  of  the  Bactcrhm-hoiies,  and  is  exceedingly  rapid. 
Von  FlotoM'  seems  to  have  detected  the  compound  masses,  and  named  one 
such  Mkrolialoa  teres ;  but  Cohn  finds  it  necessary  to  create  a  new  genus, 
which  he  has  named  Zooglcea. 

Of  the  rcmatiiing  Vibrios,  Cohn  has  not  as  yet  complete  researches ;  yet  he 
finds  sufacieut  support  from  analogy  to  warrant  liim  in  assuming  a  like  history 
for  them  as  for  Zooglcea.  The  larger  forms  of  Vibrio  have  (he  says)  a  striking 
affinity  with  the  Oscillarice,  whilst  the  longer,  slowly-moving  species  have  a 
very  great  likeness  to  the  shorter  fibres  of  Hygrocrocis,  from  which,  some  have 
stated,  Vibrios  derived  their  origin.  The  affinity  of  Vibrio  with  the  colour- 
less Oscillarice — with  the  genus  Beggiatoa,  in  which  also  very  delicate  forms 
occm- — may  be  especially  pointed  out ;  but  this  afiinity  is  yet  more  striking 
with  Spirillum  and  Spirochceta,  the  other  two  genera  of  Vibrionia.  Further, 
in  Oscillariese  we  meet  with  straight  species,  e.  g.  Oscillaria,  and  spii-ally 
convoluted  for-ms,  e.  g.  SpintVma,  yist  as  we  have  straight  forms  in  Vibrio, 
and  spirally- twisted  ones  in  Spirillum  and  SpiroclicBta.  Likewise,  on  com- 
paring the  movements  of  Spirocliceta  with  those  of  Spirulina,  we  find  no  dis- 
tinction between  them  except  in  energy  and  liveliness. 

The  results  of  his  examination  of  Vibrionia  are  thus  summarily  stated  by 
Cohn  (p.  130)  :— 

"  1.  The  Vibrionia  apparently  all  belong  to  the  vegetable  kingdom ;  for  they 
exhibit  an  rutimate  afiinity  with  undoubted  Algee. 

"  2.  By  reason  of  their  want  of  colour,  and  their  occurrence  in  decomposing 
iofusions,  the  Vibrionia  belong  to  the  groujj  of  aquatic  fungi  (Mycophycece)." 
Cohn,  however,  shows  good  reason  for  not  admitting  this  as  a  natural  group 
distinct  fi'om  Algae. 

"  3.  Bacterium  Termo  is  the  motUe  swarming-phase  of  a  genus,  Zooglcea, 
allied  with  Palmella  and  Tetraspor-a. 

"  4.  Spirochcuta  plicatilis  belongs  to  the  genus  Spirulina,  of  which  it  must 
be  at  once  admitted  as  a  species  {Spirulina plicatilis). 

"  5.  The  long  Vibrios  which  do  not  coU  (Vibrio  Bacillus)  arrange  them- 
selves with  the  more  delicate  forms  of  Beggiatoa  (Oscillaria). 

"  6.  The  shorter  Vibrios  and  Spirilla}  resemble  indeed,  in  form  and  charac- 
ter of  motion,  the  Oscillarice  and  Spirulince ;  nevertheless  I  cannot  positively 
decide  on  their  true  natiu'e." 

To  this  abstract  of  Cohn's  paper  on  Vibrionia  we  must  add  a  notice  of 
Dr.  Bmnett's  essay,  which  is  equally  in  favom-  of  their  plant-Hke  nature. 
The  chief  observations  and  opinions  of  Dr.  Biu-nett  are — that  a  branchiag  of 
the  chains,  similar  to  that  of  the  ordinary  forms  of  Algfe,  is  observable  in 
Vibrionia,  particularly  in  Spirillum;  that,  on  watching  their  gradual  groAvth, 
the  smaller  seem  no  other  than  the  younger  forms  of  larger  species  (for  in- 
stance, that  Vibrio  is  the  first  condition  under  which  Bacterium  and  Spi- 
rillum appear)  ;  that  besides  self-division,  propagation  is  eff'eeted  by  budding, 
a  fact  further  exemplified  by  the  occim-enco  of  ramifications ;  and  that  in 
young  forms  a  nucleus  is  absent,  although  one  becomes  apparent  in  advanced 
stages.  Again,  as  to  the  movements  of  Vibrionia,  Dr.  Biu-nctt  can  see  no 
fui-ther  indication  of  movement  in  them  than  in  spennatozoa  and  in  vegetable 
ceUs,  like  which  they  are  unaffected  by  electrical  shocks,  wliich  ai-e  fatal  to 
the  lower  forms  of  animal  Ufe. 

Theii-  cell-stnictiu-e  and  their  vital  (not  volimtaiy)  motion  woidd  then 
lead  us  to  infer  that  the  Vibrionia  are  Algous  plants,  and  not  animals.  This 
throws  hght  on  several  common  phenomena.  One  in  pai'ticidar  is,  tliat  the 
Vibrionia  should  ahnost  invariably  bo  found  in  infusions  and  Uquids  that 
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contain  other  Algse,  and  especially  the  common  Torula;  for  I  do  not  re- 
member to  have  seen  the  Torula  without  Vibrionia." 

Perty  moreover  testifies  to  Vih-io  Bacillus  assuming  a  stUl  condition,  and, 
by  its  branching  concatenation,  a  i)lant-like  form,  out  of  which  are  constructed 
masses  and  films  in  the  infusion  and  upon  its  surface,  resembling  Hygro- 
crocis  and  other  Algaj  and  aquatic  Pungi. 

Dr.  Ayres  {J.  M.  S.  i.  p.  301)  contributes  the  following  observations  on 
the  self-division  of  the  Vibrionia : — "  While,"  he  writes,  "  the  shortest  of  the 
Vibriones  were  ia  active  motion,  the  longer  ones  were  comparatively  quies- 
cent ;  and  these  exhibited,  accordiiig  to  their  length,  from  one  to  six  trans- 
verse lines,  indicating  the  points  of  separation  in  the  reproductive  process. 
Those  of  moderate  length,  presenting  only  one  or  two  transverse  lines,  were 
rather  active,  and  often  bent  at  an  angle  at  the  transverse  lines,  which  pre- 
sented the  appearance  of  separation  into  two  distinct  individuals ;  and  the 
character  of  the  movements  appeared  such  as  to  favoiir  the  separation.  Those 
with  from  three  to  six  transverse  lines  were,  for  the  most  part,  quiescent. 
I  imagined,  although  from  theii-  excessive  minuteness  and  transparency  this 
was  not  plainly  and  unequivocally  discernible,  that  there  were  indentations 
of  the  extremities  of  the  transverse  lines,  by  which  constrictions  were  pro- 
duced, which,  by  their  increase,  would  finally  effect  a  complete  transverse 
division  of  the  animals." 

The  occurrence  of  Vibrios,  or  at  least  of  7ii6Ho-like  forms,  as  one  of  the 
metamorphic  phases  of  the  Phytozoa  of  the  antheridia  of  Gharacea,  e.g. 
Marchantia,  has  been  mentioned  in  a  foregoing  page  (126),  to  which  we 
must  refer  our  readers. 


FAMILY  Y.— ASTASLEA  OR  EUGLEMA. 
(Plate  XYIII.  36—50,  52,  63,  55,  56.) 

Dujardin  very  properly  prefers  to  caE  this  group  Euglenaia  {Eugleniem),  on 
account  of  the  resemblance  in  sound  of  the  first  name  with  that  of  AstacicBa 
(Astaeiens)  used  to  designate  a  family  of  the  higher  Crustacea. 

In  Ehrenberg's  system  it  constituted  a  family  of  the  Polygastnca,  and  was 
characterized  by  wanting  a  true  alimentary  canal,  a  lorica  and  appendages, 
and  by  having  a  mouth  surmounted  by  one  or  two  proboscides,  and  m  most 
species  by  a  changeable  form.  Internally,  digestive  sacs,  ova,  a  seminal  gland, 
and  contractile  vesicle,  and  in  most  genera  one  or  more  red  specks  or  eyes, 
were  represented  as  present.  The  genera  included  were— Astasia,  AmbJy- 
opUs,  Euglena,  Chlorogonium,  Oolacium,  and  Distigma.  The  value  of  these 
wnera  has  been  called  in  question  by  various  writers.  Dujardin  makes  the 
variability  of  form— in  other  words,  a  contractile  integument— a  leading  fea- 
ture and  rejects  the  eye-speck  as  neither  distinctive  nor  constant ;  conse- 
quently he  excludes  from  the  family  the  Euglenm  with  rigid  integument, 
and  transplants  them  to  the  Thecamonadina,  and  rearranges  the  remaimng 
snecies  according  to  the  number,  disposition,  and  chai-acter  of  their  locomo- 
tive filaments.  Lilcewise  Schneider  (A.  N.  H.  1854,  xiv.  p.  327)  separates 
Chlorogonium  from  the  Astasiaia  because  of  its  unchangeable  figiu-e ;  and 
Mr  Carter  (A.  N.  H.  1856,  xviii.  p.  116)  would  also  detach  Astasia  from  Eu- 
qhna,  from  the  conviction  that  the  former  has  an  animal  organization,  and 
that  the  latter  is  referable  to  plants.    ^         ^      .  ,      •  -n 

In  the  following  general  history  of  the  Astasma,  oiu'  description  wiU 
Pbipflv  annlv  to  the  two  genera  Astasia  and  Eigleim,  respecting  which  we 
fave  vcrf  coVous  details  in  the  papers  by  Mr.  Carter,  {A.  N.  H.  1856,  xvi„.). 
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Of  the  remaining  genera,  some  comparative  observations  will  be  made  in  pass- 
ing, and  particular  researches  respecting  them  added  from  Party  and  other 

iaquirers.  -j.     n      j    •  «• 

Euglenm  and  Astasice  are  mostly  spindle-shaped  (fusiform),  and  give  oft 
from  their  anterior  extremity  one  or  two  delicate  filaments,  and  posteriorly 
a  usually  short  blunt  tail.  Excluding  the  doubtful  Euglenece,  which,  on 
account  of  their  rigid  integument,  we  tliink,  with  Dujardin,  should  be 
ti-ansferred  to  another  family,  the  remaining  species  of  the  two  genera 
in  question  are,  from  their  inherent  contractility,  capable  of  varying  their 
form  to  a  remarkable  extent ;  i.e.,  to  use  a  technical  word,  they  are  "meta- 
bolic." This  property  is,  nevertheless,  much  more  restricted  than  in  the 
Amcehce ;  for  the  Astasicea  can  send  off  no  offshoots  or  variable  processes 
like  those  animalcules,  but  in  all  their  manifold  contortions,  elongations, 
and  contractions  do  not  completely  lose  their  primitive  fig-ure.  In  general, 
the  recurrence  of  the  changes  of  figure  is  quite  arbitrary  and  without  regu- 
larity. In  Eutreptia  viridis  and  Astasia  margaritifera,  however,  Perty 
represents  an  alternate  or  peristaltic  expansion  and  contraction  of  the  or- 
ganism, so  that  fii-st  the  anterior  and  then  the  posterior  extremity  expands. 
He  adds,  besides,  that  in  this  Astasia  the  contained  clear  globules  are  not 
transferred  backwards  and  forwards,  but  only  a  fluid  matter  which  runs  in 
channels  between  them. 

The  Astasiaia  are  covered  by  a  distinct  flexible  and  elastic  envelope, 
which  Ml'.  Cai-ter  caUs  the  "  pellicle,"  and  states  that  it  resembles  the  cover- 
ing of  Amcehce,  is  structureless,  and  hardens  after  secretion.  Stern  also 
affirms  that  in  Euglena  it  is  similar  to  the  enclosing  membrane  of  Qregarina, 
and,  like  it,  a  shut  sac  without  mouth  or  other  apertnre.  On  the  contrary, 
the  translator  of  Kolliker's  paper  on  Actinophrys  (J.  M,  S.  i.  p.  100,  note) 
denies  the  existence  of  a  distinct  envelope  to  this  genus.  Beneath  the 
peUicle,  adds  Mr.  Cai-ter,  is  a  transparent  moving  substance,  with  an  inhe- 
rent property  of  contractility  and  polymoiphism,  which  proves  itself  inde- 
pendent of  the  superposed  pellicle  when,  in  the  process  of  encysting,  the  two 
become  separated :  this  substance  is  the  "  diaphane." 

Enclosed  within  these  laminae  are  the  contents,  consisting  of  a  proto- 
plasmic matter  with  suspended  particles  and  certain  definite  structiu-es,  viz. 
a  nucleus  and  contractile  vesicle  (XYIII.  46  a,  c).  The  protoplasm  is  the 
same  matter  Dujardin  names  the  "  sarcode,"  and  is  occupied  with  a  varying 
quantity  of  corpuscles,  differing  among  themselves  in  size,  and  imparting  the 
colom-  pecuhar  to  the  species. 

"  In  Euglena,"  writes  Mr.  Carter  (op.  cit.  p.  119),  "  the  sai'code  is  separated 
from  the  diaphane  by  a  layer  of  pointed  sigmoid  fibres,  arranged  parallel  to 
each  other,  so  as  to  form  in  Crumenula  texta  (Duj.)  a  conical  cell,  which,  so 
soon  as  the  ovules  have  become  developed,  and  the  diaphane  and  other  con- 
tents of  the  sarcode  have  died  off,  becomes  transparent,  although  it  still 
retains  its  conical  form  until  the  resiliency  of  the  fibres,  now  unrestrained 
by  the  diaphane  and  other  soft  parts,  causes  dehiscence,  and  sets  the  ovules 
at  liberty." 

These  fibres  are  therefore  the  cause  of  the  spu-al  markings  of  several 
Euglenm,  as  well  as  of  Phacus  and  Chonemonas ;  they  are  strongly  marked 
m  Euglena  spirogyra.  "  In  anotlier  specimen  of  Euglena,"  says  Perty  (p.  57), 
"  of  fully  a  sixth  of  a  Hue  in  length,  and  of  a  grass-green  colour,  some  tliii-ty 
dehcatc  longitudinal  linos  were  perceptible,  which,  when  the  body  tui-ned  on 
itself,  looked  as  if  spirally  disposed.  Moreover,  on  examining  Lepocindis- 
globulcs  when  partially  dried,  the  spiral  lines  appear  composed  of  rows  of 
closely  aiTangcd  dots  "—a  plienomcnon  probably  explicable  on  the  supposi- 
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tion  that  the  fibres,  as  a  consequence  of  evaporation,  have  been  broken  up 
into  particles  by  the  act  of  diffluence. 

Ml-.  Carter  distinguishes  certain  minute  colourless  granules  diffused  in 
the  general  protoplasm  of  the  interior,  which  he  specially  designates  "  mole- 
cules." These,  says  this  observer,  are  the  first  to  appear  in  the  homogeneous 
sarcode,  but  afterwards  become  intermixed  with  larger  corpuscles — "  gra- 
nules" and  with  "  ovules  ; "  and  by  the  time  the  ovules  have  become  fuUy 

formed,  the  sarcode  and  its  molecules  have  diied  off  or  disappeared.  More- 
over, in  Astasia,  digestive  globules  also  appear ;  but  here  the  food  is  taken 
in  thi-ough  a  distinct  mouth,  while  in  Euglena  the  absence  of  such  vesicles 
would  appear  to  indicate  that  its  support  is  of  a  different  kind,  if  not  intro- 
duced in  a  different  way." 

Ehrenberg  noted  the  existence  of  a  contractile  vesicle  at  the  anterior  ex- 
tremity of  Euglena ;  the  like  is  also  seen  in  Astasia  ;  but  in  neither  instance 
have  its  pulsations  been  directly  observed.    A  nucleus  is  also  present  of  a 
discoid  shape,  and  siuTounded,  according  to  Mr.  Carter,  by  a  transparent 
capsule,  which  appears  like  a  narrow  pellucid  ring  around  it,  owing  to  its 
greater  size.    In  Ghlorogonium  and  AmblyojMs,  Ehi'enberg  encountered 
what  he  called  a  seminal  gland,  i.e.  a  nucleus,  and,  in  the  latt6r  genus,  men- 
tions the  presence  of  two  wand-hke  bodies  in  front  and  three  behind  it. 
Thirteen  such  peculiar  stmctiu-es  were  also  seen  by  Perty  in  a  large  specimen 
of  Euglena  spirogyra,  which  he  concluded  had  originated  from  a  pecuhar 
disposition  of  the  internal  substance.    The  same  ambiguous  structures  are 
doubtless  referred  to  in  the  following  paragraph  by  Mi".  Carter,  although, 
indeed,  structiu-al  peculiarities  are  detailed  which  would  render  Perty's^- 
planation  inadmissible  unless  qualified  in  some  measure  {A.  N.  H.  1856, 
xviii  p  241)  :— "  With  reference  to  the  single,  giaiiy,  capsuled  body  which 
exists  in  the  centre  of  Phams  and  in  the  large  lip  of  Crumenula  texta,  also 
duaUy  in  Euqlena  geniculata,  Duj.  {Spirogyra,  Ehr.),  on  each  side  the  nu- 
cleus, I  can  state  nothing  further  than  that  in  the  two  fii-st  it  consists  of 
a  discoid  transpai-ent  capsule,  which  at  an  early  stage  appeai-s  to  be  hUed 
with  a  refractive,  oily-looking  matter;  that  it  is  fixed  in  a  particular  posi- 
tion and  remains  there  apparently  unaltered,  with  the  exception  of  becommg 
nucleated,  until  every  part  of  the  animalcule  has  perished,  and  nothing  is 
left  but  the  spii-al-fibre  coat,  and  perhaps  a  few  ovules.  In  Euglena  geniculata 
it  is  baciUiform,  and  contains  a  correspondingly-shaped  niicleus ;  and  al- 
though I  can  state  nothing  respecting  its  uses,  I  cannot  fail  to  see  that  it 
has  an  interesting  analogy,  particulaiiy  in  the  latter  instance  with  two 
similar  organs  which  are  commonly  seen  in  the  Navwula,  and  which  m 
N.fulva,  e.g.,  are  sitiiated  in  a  variable  position  between  the  nucleus  and 
the  extremities  on  either  side."  ,  .  ,    •     jj-i^  i. 

The  numerous  globules  diffused  throughout  the  body,  winch  m  adchtion  to 
the  foregoing,  make  up  the  contents  of  the  Astasia^a,  and  according  to 
Ehrenberg  are  to  be  considered  ova,  have,  after  being  denied  that  natiire 
bv  Duiardin  and  others,  been  again  brought  to  notice  under  the  name  ot 
ovules  or  germ-ceUs  by  Perty  and  Carter.  They  arc,  m  the  words  of  the 
latter  observer  (p.  223),  nucleated  ceUs,  which,  at  an  early  stage,  "  consist  of 
a  transparent  capsule  lined  with  a  faint  yoUow  film  of  semi-transpai-ent 
matter,  which  subsequently  becoming  more  opaque  and  yeUowish,  also  be- 
comes more  marginated  and  distinct,  and  assumes  a  nucleolar  foi-m.  .  .  . 
"  In  the  discoid  ceUs  of  Astasia  1  have  seldom  been  able  to  distinguish  the 
capsule  from  the  internal  contents,  on  accoimt  of  their  smaUness  and  the 
incrant  motion  of  the  animalcule.  In  Euglena,  however,  they  are  very 
evident    and  it  is  worthy  of  remark,  that  each  partakes  of  the  form  of  the 
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Euglena  to  which  it  belongs.  Thus,  in  E.  acus  it  is  long  and  cylindiical ;  m 
E.  viridis,  oblong  and  compressed ;  and  in  Cnmenula  texta  and  Phacus,  cir- 
cnlai-  and  compressed. 

There  is  yet  another  set  of  structures  pointed  out  by  Mr.  Carter,  deve- 
loped from  the  nucleus,  to  -which  he  assigns  the  nature  of  spermatozoids, 
or  male  reproductive  particles.  "  In  Astasia;'  he  writes  (p.  227),  "  irregular 
botiyoidal  masses,  dividing  up  into  spherical  cells,  colourless  and  translu- 
cent, or  of  a  faint  opaque  yellow  tint,  present  themselves  so  frequently  (and 
generally  inversely  developed  with  the  ovules,  as  in  the  Rhizopoda),  that  I 
cannot  help  thinking  that  they  are  also  developments  from  the  nucleus ;  but, 
from  not  having  seen  them  present  that  evident  granular  aspect  which 
characterizes  this  development  in  the  Ehizojpoda,  I  have  not  been  able  to 
determine  satisfactorily  whether  they  are  parts  of  the  latter,  or  that  kind  of 
division  of  the  sarcode  into  green  spherical  cells  which  sometimes  takes  place 
in  Euglena. 

"  In  Euglena,  also,  I  have  described  a  development  of  the  nucleus  partly 
under  the  idea  that  it  might  be  a  parasitic  Ehizopodous  development ;  but 
now  it  appears  to  me  a  simple  enlargement,  granulation,  and  segmental  de- 
velopment of  tliis  body  into  polymorphic,  reptant,  mucous  cells  filled  with 

spermatozoid  granules,  as  in  Bhizojpods  I  have  never  been  able  to  see 

the  nucleus  and  its  cap.sule  in  their  original  form  when  the  spermatozoid 
mass  has  been  present,  though  I  have  occasionally  in  Amoeba,  and  almost 
always  in  Euglyplia,  seen  the  empty  globular  capsule  in  connexion  with  the 
latter." 

The  contents  of  Astasicea,  even  of  the  same  individual,  are  subject  to  great 
variations  in  colour,  distribution,  and  other  chai-aeters,  induced  by  age,  the 
action  of  the  reproductive  processes,  and  the  influence  of  external  conditions. 
Thus,  Perty  tells  us  (p.  57)  Phacus  pleuronectes  is  at  times  filled  with  a 
homogeneous  green  mass,  at  others  has  a  large,  round,  central  spot  (vacuole 
or  nucleus  ?),  at  others  a  large,  clear  space  in  the  middle,  having  a  central 
dark  nucleus ;  and  at  others,  again,  the  contained  endochrome  forms  three  or 
fom-  segments,  each  exhibiting  many  dark  green  nuclei.  In  Euglena  viridis 
and  E.  Acus  the  contents  become  resolved  into  a  formless  mass,  or  into  a 
heap  of  nearly  equal-sized  germ-cells,  and  frequently  the  colour'  is  changed 
from  green  to  red,  or  the  whole  organism  is  rendered  hyaline  by  the  escape 
of  the  colouring  matter. 

The  coloiu-ed  speck  in  Euglena,  Amhlyophis,  and  other  Astasiaia,  reckoned 
as  aji  eye  by  Ehxenberg,  has  in  fact  no  pretensions  to  that  character.  We 
have  pointed  out  that  similar  specks  occur  in  Volvox  and  other  generally 
recognized  plants,  in  aU  probability  precisely  similar  to  and  stmctm-aUy  the 
same  as  those  of  Astasicea.  Sometimes  in  Euglena  the  red  is  diffused  over 
the  entire  body,  as  Cohn  represents  to  occur  in  Sphcerojjlea  annidina  {A.N.H. 
1856,  xviii.  p.  83),  in  smaU  globules,  which  have  the  physical  and  chemicai 
relations  of  oil.  In  other  instances,  and  occasionally  in  very  young  forms 
the  red  stigma  is  altogether  absent.  In  Phacus  pleuronectes,  Perty  states' 
one  speck  18  placed  close  behind  another  with  an  intermediate  band  uniting 
them.  Often  m  Euglena',  mstead  of  one  stigma,  two  or  more  red  granules 
occur  whilst  m  Euglena  deses  the  pigment-mass  is  quite  irregiUar.  In  Cru- 
menula  the  red  spot  is  comparatively  very  large,  and  rests  in  the  form  of  a 
small  obtuse  cone  upon  the  contractile  vesicle, 

"  The  eye-speck  oi  Euglena  viridis,"  says  Perty  (p.  117),  "  is  round  or  oval, 
ana  exhibits  an  eUiptic  or  spherical  vesicle,  within  which  the  colouring  matter 
IS  contained,  suiroimded  by  a  more  or  less  complete  brownish-black  ring  :  at  a 
subsequent  period  the  colouring  matter  is  diffused  in  a  most  irregular  manner 
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beyond  tlie  ring."  In  AmbhjopMs  viridis  the  red  pigment  may  either  entii-ely 
or  only  partially  fill  the  dark  areola.  Perty  veiy  sensibly  remarks,  "  AU 
these  red  stigmata  are  deficient  of  all  the  reqiiisites  of  an  eye — they  have  no 
refracting  medium  ;  and  the  presence  of  an  eye  is  inconceivable  among  beings 
which  have  neither  nervous  centres  nor  communicating  nerves.  They  are 
probably  nothing  more  than  drops  of  red-oil,  like  those  which  are  produced 
among  the  chlorophyll  in  uniceUulai-  Algoe  "  (p.  118).  Another  fact,  bearing 
on  the  character  of  a  red  pigment-speck  in  Euglence,  is  the  change  of  colour 
these  beings  at  times  undergo  from  green  to  red,  just  as  Ohlamydococcus  and 
various  unicellular  Algae  do  when  they  enter  on  the  "  resting  "  stage. 

Beproduction  of  Astasicea. — In  Ehrenberg's  opinion,  the  members  of  this 
family  are  reproduced  both  by  self-division  and  by  ova  :  he  speaks  of  having 
witnessed  the  former  process  in  the  genus  Euglena,  but  only  as  a  rare 
occurrence.  In  other  genera  he  failed  to  discover  it.  When  fission  takes 
place  it  does  so  in  the  usual  manner,  longitudinally,  and  produces  two  equal 
and  similar  organisms  ;  rarely,  the  new  beings  are  of  imequal  size.  More- 
over, in  the  encysted  condition,  which  was  mistaken  by  Ehi-enberg  for  the 
death  of  the  Euglena,  or  confounded  with  other  structures,  fission  is  a  con- 
stant phenomenon. 

When  the  motile  Euglena  becomes  "still,"  or  enters  into  a  state  of  rest,  it 
contracts  itself  into  a  baU,  and,  while  retaining  its  red  stigma,  loses  its  fila- 
ment. A  gelatinous  layer  is  thrown  out  around  it,  which  gradually  hardens 
into  a  rigid  colourless  cyst :  this  at  first  lies  close  upon  the  mass  of  the  Eugleim, 
but  ultimately  is  removed  from  it  all  roimd  by  an  interval ;  and  when  quite 
mature,  it  frequently  acquires  a  brownish  colour  and  opacity.  In  the  encysted 
condition,  Euglena  closely  resembles  the  "still"  cells  of  Protococais  ;  hence 
the  term  "  Protococcoid,"  to  express  this  condition.  When  Euglena  have 
undergone  this  transformation,  they  cohere  together  by  a  mucilaginous  ex- 
cretion, so  as  to  form  expansions  or  films  resembling  in  appeai-ance  those 
produced  by  many  Pahnellece. 

This  close  resemblance  subsisting  between  encysted  Euglena  and  the  rest- 
ino-spores  of  numerous  Algae,  e.  g.  of  (Edogonium,  explains  many  of  the 
wonderful  transformations  recounted,  such  as  the  germmating  of  encysted 
Eiiqlena-ce-Qs  into  branching  filiform  Algfe.  Again,  the  filmy  masses_  pro- 
duced by  Euglence  have  been  described  as  independent  genera  and  species  ot 
Algee,— as,  for  instance,  those  formed  by  E.  viridis,  as  Microcystis  ohvacea, 
and  those  by  E.  sanguinea,  as  Microcystis  Noltii. 

That  the  contained  green  Euglena  is  not  dead  within  its  case,  is  proved  by 
its  sometimes  being  seen  to  revolve  withia  it,  and  also  by  the  cii-cumstance 
that,  in  the  early  period  of  encysting,  on  rapturing  the  cyst,  the  contained 
being  escapes  and  resumes  the  appearance  and  movements  of  its  free  brethi-en. 
It  would  seem,  indeed,  that  Euglence  are  in  the  habit  of  temporai-ily  encystmg 
themselves  as  a  means  of  protection  against  injui-ious  external  causes,  such  as 
evaporation,  and  that,  when  a  normal  condition  is  restored,  they  thiw  ott 
their  protecting  envelope  and  reassume  theii'  active  contractile  character  and 
movements.  The  empty  cases  are  often  to  be  met  with  floating  on  the  sur- 
face of  water,  united  with  others  and  with  encysted  EiujlewK  m  a  common 
membranous  mass.  The  vitality  of  the  enclosed  being  is  fui-ther  displayed 
bv  the  process  of  fission,  which  advances  in  the  power  of  two  until  very  smaU 
seements  are  produced,  which  soon  develope  severally  a  red  speck  and  hla- 
ment  and  on  the  dissolution  or  rapture  of  the  common  ceU-wall  of  the  parent, 
escape  as  small  free-moving  coi-puscles  rather  resembUng  Monads  than  Eu- 
ril finer  bv  their  minuteness. 

The  encysting  act  may  transpire  in  very  small  as  well  as  in  large  Evglnm'. 
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and  the  subsequent  fission  may  be  arrested  at  any  point,  so  that  either  a  few 
sections  which,  in  the  pliraseology  of  botanists,  may  be  caUed  macrogonidia, 
or  otherwise  very  numerous  small  ones,  or  microgonidia,  may  be  developed. 

As  the  simply  encysted  Eaglence  have  been  represented  as  independent 
genera  of  plants,  so  the  same  thing  has  occurred  when  theii-  contents  have 
been  seen  in  the  process  of  self-division ;  thus,  for  instance,  Perty  thinks  it 
probable  that  Protococcus  turgklus  and  P.  chalyheus  (Kiitz)  are  no  other  than 
two  such  transitional  conditions. 

Another  cii-cumstance  attending  enajsiedLEuglence,  is  the  forming  an  attach- 
ment to  other  bodies  by  a  sort  of  pedicle,  which  extrudes  from  what  has  been 
the  anterior  extremity  of  the  being.  When  viewing  large  collections  of  Eu- 
glence,  specimens  may  occur  of  two  or  several  united  together  by  the  head  or 
tail,  sometimes  with  the  tail  of  one  to  the  head  of  another.  Examples  of  two 
partiaUy  united  have  been  explained  by  supposing  the  act  of  fission  of  a 
parent-animal  to  be  nearly  accomplished ;  but  other  observers  have  seen  in 
such  united  beings  an  instance  of  conjugation,  i.  e.  of  an  act,  to  some  degree, 
of  impregnation.  The  union,  however,  of  several  by  the  tail,  sometimes  seen, 
is  an  argument  against  this  supposition,  and  is  rather  suggestive  that  such 
combinations  are  the  remnants  of  primitive  adhesions  between  gonidia  within 
the  parent-ceU  or  between  germs  before  a  pelHcle  has  formed  around  them, 
or,  again,  that  a  mucoid  matter  thrown  out  from  the  surface,  as  happens  in 
many  Phytozoa,  may  constitute  the  band  of  union,  when  incomplete  fission  or 
persistent  primitive  adhesions  cannot  be  considered  its  origin.  There  is  cer- 
tainly no  a  priori  argument  against  the  occurrence  of  conjugation  in  tliis  family, 
and  some  naturalists  would,  from  analogy  with  related  beings,  look  for  it ; 
but  at  present  it  has  not,  we  think,  been  proved. 

Ovules  or  germs. — That  Euglence  reproduce  by  internal  germs  is  an  opinion 
now  advocated  by  several  naturalists.  To  our  minds  this  mode  of  propagation 
is  really  homologous  vnth  the  formation  of  gonidia  in  admitted  plants.  Kol- 
liker  writes  (J.  M.  S.  i.  p.  34) — "  Multiplication  by  means  of  germs  generated 
in  the  interior  indubitably  occurs  in  certain  Infusoria  :  in  Euglena  four  to  six 
embryos  are  seen  in  one  individual,  entii'ely  filling  it,  which  at  length,  fur- 
nished with  their  red  speck  and  filament,  break  through  theii"  parent,  leaving 
it  as  an  empty  case." 

Mr.  Carter  (op.  cit.)  has  entered  very  largely  into  an  account  of  the  ovules  of 
Infusoria  and  of  their  development.  "  In  Eughna  viridis,"  he  writes,  "the 
ovules  are  of  an  oblong  shape :  they  are  found,  lilce  those  oiSpongilla,  scattered 
over  the  sides  of  the  vessel,  and  evidently  have  in  like  manner  the  power  of 
locomotion  in  addition  to  that  of  turning  upon  their  long  axis  when  otherwise 
stationary ....  The  pellucid  central  area  in  them  corresponds  with  the  oblong 
shape  of  the  capsule ;  but  beyond  this  and  the  central  granule  I  have  not 
been  able  to  follow  their  development  out  of  the  parent,  though,  from  the 
number  of  yoimg  E.  viridis  present,  it  may  be  reasonably  inferred  that  they 
came  from  the  ovules.  The  young  Euglence,  however,  being  so  rapid  in  their 
movements  when  once  the  cilium  is  formed,  it  can  hardly  be  expected  that, 
except  under  a  state  of  incarceration,  their  development  can  be  followed  so 
satisfactorily  as  that  of  the  slow-moving  RUzopod.  Instances  do  occiu-,  how- 
ever, where  the  ovules  gain  the  cilium  within  the  cell,  and  there  bound  about 
when  fully  developed  like  the  zoospores  of  Algaj  Avithin  their  spore-capsule.s. 
In  this  way  I  have  seen  them  moving  rapidly  within  the  effete  transparent 
capsuled  body  of  E.  viridis  and  in  Crumenula  texta,  where  the  spiral-fibre 
layer  is  so  strongly  developed  as  to  retain  the  fom  of  the  Eiiglena  for  a  long 
time  after  all  the  soft  parts  have  perished.  On  these  occa.sions  the  embryos 
are  perfectly  colouriess,  with  the  exception  of  a  central  point  which  reflects  a 
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red  tint ;  and  on  one  occasion,  while  watching  a  litter  in  rapid  motion  withia 
the  encysted  body  of  E.  viridis,  the  capsule  gave  way,  and  they  came  out  one 
after  another  jiist  as  zoospores  escape  from  the  spore-capsule  ;  but,  from  their 
incessant  and  vigorous  movement,  I  was  unable  to  foUow  them  long  enough 
to  make  out  anytliing  more  about  them." 

This  same  observer,  moreover,  refers  to  a  rhizopodous  development  of  the 
nucleus  of  Euglena,  whereby  the  form  of  an  "  actinophorous  Bhhopod  "  ls 
assumed,  fi'om  which,  in  his  opinion,  young  Eucjlence  are  probably  developed. 

Pcrty,  again,  records  some  original  observations  on  the  development  of 
Euglence  from  ovules  or,  as  he  terms  them,  germs  (Keime).    At  p.  79  he 
states  that,  among  numerous  very  minute  resting  germs,  intermingled  with 
larger  individuals,  some  were  seen  to  acquire  the  faculty  of  motion,  to  stretch 
themselves  out,  and  to  assume  the  form  of  Oercomonas.    Between  such  and 
completely-formed  Euglence  eveiy  intermediate  size  occurred.    The  motionless 
spheroidal  germs  set  free  by  the  dissolution  of  the  parent-ceU  soon  develope 
a  tapering  exti-emity,  tenninated  by  a  locomotive  filament,  at  the  base  ot 
which  is  a  hyaUne  space,  and  in  and  near  to  this  a  dark  speck  which  subse- 
quently changes  to  red.    The  differentiation  of  the  homogeneous  contents  ot 
the  oTanules,  out  of  which  the  germs  are  to  be  developed,  takes  place  at  a  very 
early  period,  but  not  in  the  same  way  or  time  in  aU  specimens;  neither  do 
aU  the  yoimg  of  a  brood  attain  the  same  dimensions  and  figui-e  ;  mdeeci  but 
few  attain  a  cSnsiderable  size,  and  many  acquire  an  abnormal  figure,  lor 
example  Perty  regards  Amblyophis  viridis  as  only  an  accidental  variety  ot 
Eualma,  of  large  size  and  trimcate  at  one  end ;  for  he  has  remarked  numerous 
smaU  individuals,  derived  from  a  Euglena,  also  with  a  tnincated  extremity. 
Further  he  reports  the  multipHed  varieties  in  form,  in  colour,  and  m  arrange- 
ment of  contents,  &c.,  which  occiu'  in  coUections  of  the  same  species  ot 
Euglena,  and  adds  that  the  great  ditferenees  exhibited  by  E.  mruhs  when  m  a 
dying  condition,  are  most  varied  and  inexpUcable.    In  lUustmtion  of  this 
opinion,  he  remarks  that  the  utmost  variety  of  form  oceui-s ;  or  all  the  vesicles 
and  granules  change  to  a  red  colour' or  become  transparent ;  or  the  yesic  es 
vanish  and  the  green  mass  contracts  itself  into  a  small  baH  or  otherwise  dis- 
appears, leaving  only  an  empty  sheU.    In  the  last-named  state  the  stigma 
oCetains  a  black  coloiu'.    The  empty  envelopes  frequent  y  accumulate  so 
as  to  form  masses  resembHng  a  vegetable  ceUular  tissue,  and  m  one  instance 
approached,  by  mutual  pressm^e,  a  regular  hexagonal  figm-e.   Some  ^^^h  acci- 
dental groupings  of  withered  Euglena-ce]iB  have  been,  as  Perty  beheves 
escribed  under  the  name  of  Palmella  lotryoides  by  Kiitzmg ;  and  Cercomonas 
viridis,  and  also  probably  Bodo  viridis,  are  merely  phases  of  development  of 

^tretfSstinct  concordance  between  Carter's  and  Perly's  aecount  of 
the  development  of  the  contents  of  Euglena.  into  minute  ^^^^ 
as  we  may  legitimately  caU  them,  microgonidia ;  and,  on  the  othei  hand  the 
formation  of  two-  and  foui'-fission  products  (in  other  words,  he  formation 
of  macZonidia  from  these  beings  ii  their  stiU- condition)  has  been  a  matter 
of  Xect^obsei^ation.  Consequently  the  developmental  histoiy  of  Ejlena^s 
so  far  complete;  and  it  only  remains  for  natm-alists  to  witne.ss  the  achial 
rltTon,  the  contact  and  incorporation  of  the  micro-  with  the  macrogonidia 
to  S  this  genus  mthin  the  same  pale  as  Volvo.v,  in  reference  to  its 

"'nf  Carter  has  reverted  to  his  notes  -^^^^^^'^'^^'ZZ 
^  pst-pubHshed  V^^^J^^Z^^  \  tL;i1isSiSJS 
;  XwMclTl  ha^riTerotof^  described,  and  thought  to  be  ovules 
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or  embryonic  cells,  and  that  during  this  time  the  chlorophyll  passes  into  red 
grains,  and  subsequently  disappeai-s,  while  the  organism  is  secreting  a  capsule 
ai-ound  itself,  and  its  original  cell- wall  passes  into  a  tough  spherical  ovisac,  so 
to  speak.  But  what  becomes  of  this,  if  it  be  the  result  of  impregnation,  or 
what  the  process  of  impregnation  is  like,  or  when  it  takes  place,  is  for  future 
discovery  to  determine." 

GMorogonium  eucJilorum  (PI.  XX.  15-21)  was  the  subject  of  an  interest- 
ing observation  by  Weisse  (Wiegmann's  Archiv,  1848),  who  thought  he  had 
demonstrated  in  this  species  propagation  by  ova  or  germs,  and,  in  fact,  elu- 
cidated in  it  the  development  of  microgonidia,  by  repeated  acts  of  self-fission 
of  the  contents,  just  as  in  the  spores  of  Algae.  For  instance,  he  described  the 
contained  green  matter  of  the  fusiform  being  first  to  contract  in  some  mea- 
sure upon  itself  (XX.  16),  then  to  exhibit  a  constriction  followed  by  a  line 
of  division  into  two  portions,  which,  by  subsequent  redivisions,  resolved  the 
whole  into  a  nodular  mass  resembling  a  bunch  of  grapes  (XX.  17-18). 
This  grapebimch-like  mass  possessed  a  certain  mobility  within  the  enclosing 
integument;  and  as  the  process  of  development  proceeded  further,  its  se- 
veral particles  or  segments  displayed  a  movement  among  themselves,  which  in- 
creased in  extent  and  vigour  until  the  external  envelope  gave  way  before  it, 
and  permitted  their  escape  in  the  form  of  so  many  distinct  particles  or  beings 
(gonidia)  endowed  with  eUiaiy  filaments,  whereby  they  kept  up  an  active 
movement  in  the  surrounding  water  (XX.  21).  The  young  forms  produced 
exhibited  active  movements  within  the  parent- cell,  and  at  one  stage  prior  to 
theii'  discharge,  when  connected  together  in  heaps,  resembled  Uvella  Bodo. 
On  the  rapture  of  the  cyst  they  escaped  freely  into  the  water  with  the  fig-ui'e 
of  Chlorogonium. 

Schneider  has  also  some  remarks  on  this  genus  (A.  N.  H.  xiv.  p.  326). 
He  could  discover  no  decided  red  speck,  although  as  many  as  twelve  reddish 
spots  were  distributed  over  the  surface  of  the  green  mass ;  a  contractile  vesi- 
cle, moreover,  eluded  his  search.  Of  the  mode  of  propagation  he  reports  that 
"  division  takes  place  in  the  interior  of  the  investing  membrane,  in  exactly 
the  same  manner  as  in  Polytoma.  The  number  of  individuals  produced  is 
never  less  than  four,  but  often  as  many  as  thirty-two ;  in  the  latter  case  they 
are  very  small,  but  always  resemble  the  parent  in  other  respects.  A  spheri- 
cal state  of  rest  also  occurs.  It  appears  that,  when  the  requisite  conditions 
are  present,  the  young  proceeding  from  the  division  of  the  pai-ent  pass  kito 
this  state  immediately  after  they  are  set  fi-ee, — their  soft  investing  mem- 
brane probably  rendering  them  fitter  for  this  purpose.  The  contractions 
which  then  take  place  are  probably  the  same  that  were  observed  by  Ehren- 
berg.  In  other  respects  I  have  found  the  form  unchangeable ;  and  Clilo- 
rogonimn  must  consequently  be  separated  from  the  Astasiaia,  amongst  which 
it  has  hitherto  been  arranged.  On  the  addition  of  iodine,  only  a  few  blue 
granules  are  to  be  seen  in  the  fusiform  individuals ;  the  green  spheres,  on  the 
contrary,  which  are  completely  fiUed  with  green  granules,  acquire  a  deep  blue 
colour  with  this  reagent:  if  the  colouring-matter  be  destroyed  by  means  of 
concentrated  sidphunc  acid,  the  granules  ai-e  dissolved,  and  on  the  Addition  of 
lodme,  a  beautifiU  blue  colour  is  produced.  By  long  keeping,  the  green  of  the 
cyst  passes  to  red.  The  cysts  are  not  to  be  roused  fi-om  their  torpid  condi- 
tion by  the  production  of  fermentation.  I  have,  however,  observed  their  re- 
vivifacation  under  other  circumstances;  but  my  materials  are  insufiicient  to 
enable  me  to  desciibe  the  mode  of  reproduction  of  the  investing  membrane 
and  filaments,  which  would  certainly  be  interesting.  The  conditions  required 
lor  tne  existence  of  Chlorogonium  are  apparently  quite  diflforcnt  from  those  of 
Polytoma:  the  former  did  not  multiply  abundantly  in  infusions  until  the 
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latter  had  passed  to  the  state  of  repose."  This  view  of  the  affinity  of  Clilo- 
rogonium  accords  with  that  which  Weisse  indicates  in  the  statement  that  this 
genus  and  Glenomorum  tincjens  (species  of  Ehrenherg's  family  Monadina)  are 
but  two  phases  of  the  same  being. 

Weisse  has  appended  some  remarks  to  the  preceding  account  by  Schneider 
Mull.  ArcJiiv,  1856,  p.  160).    He  says  that  he  witnessed  the  re\dvification 
of  encysted  Ohlorogonia  (a  phaenomenon  unnoticed  by  Schneider)  on  placing 
some  cysts,  collected  the  preceding  year,  in  water.    The  reddish  and  pre- 
viously spherical  cysts  were  seen  to  gradually  lose  their  regular  outline  by 
the  elongation  of  one  end,  and  thereby  to  acquire  an  ovate  form._  After  a 
short  time  the  narrower  end  of  the  cyst  ruptured,  and  a  very  thin-waUed 
vesicle  protruded  through  the  rent :  whilst  this  took  place,  a  movement  of 
the  contents  of  the  cyst  became  evident ;  and  after  a  while  several  consbie- 
tions  appeared,  which  extended  deeper  imtil  they  divided  the  whole  into  four 
portions.    Por  a  time  the  protniding  sac  elongated  itself  more  and  more,  but 
ultimately,  owing  to  the  pressm-e  within  it  of  the  moving  pai-ticles,  gave  way 
and  allowed  their  exit.  The  escaped  sections  were,  as  a  rule,  of  pretty  uniform 
sizes,  but  had  not  the  remotest  resemblance  to  the  matui-e  CJihrogonium,  and 
indeed  might  have  readily  been  assigned  to  another  group  of  beings.  Their 
figTire  was  elongated,  irregular,  and  often  triangular,  on  first  escaping  from 
the  cyst ;  they  were  also  flexible  in  every  direction,  and  of  a  dusky  brown 
colour.  After  dispersion,  on  reaching  the  margin  of  the  drop  of  water,  they  re- 
sumed a  globular  shape,  changed  to  a  rusty  red  coloiu-,  and  after  a  few  hours 
assumed  the  appearance  of  clear-green  spmdle  or  bodo-shaped  organisms. 
Between  their  evolution  from  the  cysts  and  their  development  into  the  form 
of  Chlorogonium,  two  hoiu's,  less  or  more,  intervened.  This  division  into  foiu: 
segments,  representing  foiu'  new  beings  of  Chlorogonium  progressively  evolved 
apparently  without  actual  metamoi-phosis,  may  be  rightly  esteemed  an  act  ot 
reproduction  by  macrogonidia,  whilst  the  breaking  up  of  the  organism  into  a 
multitude  of  zoospores,  as  previously  described  by  Weisse,  is  a  process  ot  re- 
production by  microgonidia.  n  ,1  •    ^     -1  + 
Nature  of  Asta8U?a.— It  is  with  certain  members  of  this  family  that 
Thuret  pointed  out  (Ann.  Sc.  Nat.  1850,  xiv.)  the  close  resemblance  to  the 
zoospores  of  Algss,  amounting,  as  far  as  outward  appearances  indicate,  to 

actual  identity.  ,       „       •  -i^  „„a 

"This  affinity,"  he  says,  "is  exhibited  in  the  coloiu',  form,  in  the  number  and 
character  of  the  ciliary  filaments,  in  the  contents,  not  exceptmg^the  coloui-ed 
eve-speck,  in  the  mode  of  self-fission,  and  also  in  the  power  of  locomotion. 
What  is  stm  more,  both  zoospores  and  Astasicea  tend  to  the  hght,  ^sengage 
a  gas,  most  probably  oxygen,  and  emit  a  pecuHar  spermatic  odour.  However, 
bv  continned  watching  the  zoospores  are  seen  to  affix  themselves  to  somebody, 
surrender  their  seeming  animal  Ufe,  and  proceed  to  germinate  developing  a 
tissue  similar  to  that  of  the  plant  which  gave  them  bii-th.    On  the  other  hand, 
the  true  Astasicea,  if  they  attach  themselves,  it  is  but  for  a  tune,  and  no  ap- 
pearance of  germination  ensues.    The  closesf  similarity  exists  m  the  case  ot 
the  Chlamydomonas  pulviscnivs  (Disehnis  viridis,  Duj.),  and  in  a  less  degiee 
n  the  W---  •  •  In  the  form  of  the  body,  in  that  of  the  ^^J^f-^Yodv 
and  in  the  disposition  of  those  ciHa,  as  also  in  the  contents  of  the  body 
?he  resemblance  is  complete.    The  movements  of  Disehmsjxre  bke  those  of 
toosporeT;  and,  like  them,  they  tend  to  the  hght.  In  one  distinct  species  or 
3r  i^  a  partieiUar  state  of  the  same  species,  a  veiy  clear  red  spot  is  dis- 
cernible and  a  central  globule,  very  hke  in  appearance  to  the  amylaceous 
™iiles'  so  frequent  in  the  cells  of  green  Algae.    These  I'^^^f «PPf  J.  ° 
f  ct  on  the  atmosphenc  air  Uke  Algee  and  the  green  parts  of  other  plants,  dis- 
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engaging  a  gas  (oxygen  ?)  under  the  influence  of  Ught.  They  exhale  an  evi- 
dent spermatic  odour.  Their  reproduction  occurs  by  spontaneous  division, 
2-4  young  ones  being  formed  A\ithin  the  common  integument.  I  have  ob- 
served the  same  mode  of  reproduction  in  the  Emjleme,  which  act  on  the  air 
and  turn  to  the  light  Hke  Diselmis,  but  have  an  extremely  contractile  body 
changing  its  figure  every  moment,  which  will  not  admit  of  their  being  con- 
founded with  zoospores,  and  leaves  no  doubt  of  their  auimaLity.  This  binary 
or  quatemaiy  division  is  met  with  also  in  the  various  species  of  Tetrasporce, 
which,  though  arranged  with  the  Algte,  appear  to  me  of  very  doubtful  vege- 
table natui-e.  In  Tetmspora  gelatinosa  I  have  recognized  green  globules,  dis- 
posed in  fours,  and  each  fiu-nished  Avith  two  cilia  of  extreme  length,  which 
are  lost  in  the  gelatinous  mucus  of  which  the  fi-ond  of  this  supposed  plant  is 
constituted.  All  these  productions,  as  well  as  Gonium,  Pandorina,  Volvox, 
Protococcus  nivalis,  &c.,  present,  in  my  opinion,  characters  of  animaUty 
too  decided  and  too  permanent  for  it  to  be  possible  to  refer  them^  to  the 
vegetable  kingdom  ;  and  I  think  it  would  prove  more  convenient  to 
unite  them,  with  all  the  other  Infusoria  {Polygastrica)  coloured  green,  in 
one  and  the  same  group,  which  might  be  called  Ohlorozoidece.  We  have 
before  noticed  the  sweepiag  statement  of  M.  Agassiz,  that  all  the  mouth- 
less  Infusoria  are  nothiug  but  various  forms  and  phases  of  development  of 
Alga;." 

Although  many  naturalists  stoutly  claim  the  Astasicea,  and  the  genus  Eu- 
glena  especially,  as  plants,  yet  others,  and  among  them  some  of  the  most 
able,  particularly  in  Germany,  still  pronounce  them  animals.  But,  as  we 
have  before  noticed,  there  are  undoubted  Euglena-iovvn^  which  are  actually 
phases  of  existence  of  known  plants,  and  which,  if  watched,  may  be  followed 
in  their  development  until  by  germination  they  assume  all  the  special  fea- 
tures of  those  plants  ;  and,  on  the  other  hand,  there  are  Euglence  which  at  no 
period  of  their  existence  can  be  seen  to  germinate,  although  they  may  exhibit 
a  plant-Kke  condition  when  encysted  and  motionless,  like  Protococcus  resting- 
cells. 

As  an  example  of  the  former  set  of  transitional  beiags,  we  may  appeal  to 
the  observations  of  Itzigsohn  already  recorded  (p.  125),  showing  that,  in  the 
development  of  Oscillcdonce,  minute  Chlamydomonads  are  transformed  into 
Euglence,  that  these  in  their  turn  generate  microgonidia,  which,  after  some  in- 
termediate transformations,  eventually  produce  the  '  Leptothriv,'  and  lastly 
the  perfect  Oscillatoria.  Another  illusti'ation  might  be  adduced  from  Cohn's 
essay  on  Protococcus  pluvialis,  in  which  he  points  out  both  an  Astasia^  and  a 
Euglena-Yike  phase  of  that  unicellular  plant.  Let  it,  however,  be  noted  that 
whilst  Cohn  records  a  5^t<(/Zena-phase  in  Protococcus,  he  nevertheless  admits 
the  existence  of  animal  Euglence.,  distinguished  by  their  extraordinary  con- 
tractility {Entw.  p.  208).  Withal,  this  distinguished  observer's  discovery  of 
the  mutual  sexual  relation  of  micro-  and  of  macrogonidia  constitutes  (sup- 
posing these  reproductive  products,  as  seems  to  be  actually  the  case,  to  be 
generated  in  Eaglence)  an  additional  argument  for  theu-  vegetable  natm-e,  by 
bringing  them'  within  the  same  category  of  organized  beings  as  Volvo.v  and 
Pandorina. 

If  Mr.  Carter  be  correct  in  his  accoimt  of  Astasia,  this  genus  can  no  longer 
remain  in  the  category  of  doubtful  organisms,  but  must  forthAvith  be  trans- 
ferred to  the  animal  Idngdom  ;  for  he  asserts  tiie  existence  of  a  mouth  with 
a  complicated  buccal  apparatus  for  biting  off  and  taking  in  food,  of  a  strong 
prehensile  organ,  and  stomach-sacs.  Besides,  he  speaks  of  its  near  affinity 
■with  Amosba,  and  refers  it  to  the  Rhizopoda.  In  Euglena,  on  the  contrary,  no 
mouth-  or  stomach- vesicles  are  discoverable,  and  the  filament  is  comparatively 
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imperfectly  developed ;  hence  Mr.  Carter  allies  this  genus  rather  with  the 
zoospores  or  gonidia  of  Algas,  and  assumes  that  it  must,  lilce  other  mouthlcss 
organisms,  derive  its  nutrition  through  endosmosis.  Cohn,  on  the  other 
hand,  although  cognizant  of  many  plant-like  features  in  Eucjlena,  cannot  ac- 
quiesce ia  detacliing  it  from  animalcules,  because  of  its  great  contractility 
and  of  the  fact  that  there  are  undoubted  animals,  such  as  Opalina,  BMzopoda, 
Oregarina,  Trematoda,  &c,,  which  want  the  special  animal  characteristic  of  a 

mouth.  .  ^  . 

Mr.  Carter  would,  it  seems,  recognize  both  Euglena  and  Astasia  as  close  allies 
with  Amceha—ein  aflnity  remarked  by  Ehrenberg,  who  placed  the  fandly  As- 
tasicea  between  Closterina  and  Amcebcea,  treating  the  variability  of  the  form  of 
the  body  as  a  leading  characteristic.  Indeed,  the  first-named  observer  alludes  to 
an  actual  transition  of  Astasice  into  Amoehce,  in  the  following  paragraph  (A. 
N  H.  xvii.  1856,  p.  115) : — "  Young  Astasice  are  developed  within  the  cells 
of  Spiroqyra  to  a  great  extent ;  and  although  they  at  fii-st  have  almost  as 
much  polymorphism  as  an  Amoeba,  still  they  retain  their  cilium,  and  after  a 
while  assume  the  form  and  movements  peculiar  to  Astasia.    I  nught  here 
mention  that  on  one  occasion  I  saw  a  large  Amoeba  with  a  long  cihum  at  one 
time  assuming  the  form  of  Astasia,  and  at  another  that  of  Amaha,  which  thus 
gives  us  the  link  between  these  two  Infusoria.  The  cOium,  however,  had  not 
the  power  of  the  filament  of  Astasia,  though  it  occasionally  became  teraunal. 
At  a  previous  page,  a  rhizopodous  development  of  the  contents  of  Eiujlenc^ 
into  granuliferous  Amoebai  of  a  pinkish  colour  has  been  adduced  as  a  tact 
noticed  by  the  same  observer.  j  i,  fi^o 

We  need  not  stay  to  examine  the  vital  endowments  and  habitats  ot  me 
Astasia} ;  for,  except  the  facts  occurring  in  the  preceding  history  of  the  family, 
and  in  the  general  accoimt  of  Phytozoa,  there  is  nothing  important  to  adduce. 
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Sect.  III.— of  THE  PROTOZOA. 
(Plates  XXI.-XXXI.) 

The  term  Protozoa,  borrowed  from  two  Greek  words,  photos,  first  or  primi- 
tive, and  zoon,  an  animal,  has  of  late  been  very  generally  adopted  to  signify 
the  simplest  fonns  of  animal  life.  Upon  a  review  of  these  rudimentary 
animals,  it  is  at  once  perceived  that  they  differ  among  themselves  in  organiza- 
tion— that  wlulst  some  are  amorphous  and  almost  homogeneous,  others  exhibit 
a  degree  of  differentiation  of  paxts,  and  the  fii'st  vestiges  of  internal  organs  to 
carry  on  the  processes  of  life ;  again,  it  is  seen  that  some  have  a  distinct  oiifice 
for  the  admission  of  food,  or  a  mouth,  which  in  others  is  absent,  and,  lastly, 
that  some  with  a  definite  figure  are  moved  by  vibratUe  cilia,  whilst  others 
slowly  progress  by  the  alternate  protrusion  and  retraction  of  ever-changing 
and  changeable  processes  derived  from  the  general  mass  of  their  body. 

Prom  a  consideration  of  these  structural  differences,  one  division  of  the 
Protozoa  is  suggested  into  those  moved  by  cilia,  and  those  moved  by  variable 
processes  or '  pseudopodes  ' ;  and  a  second,  into  those  furnished  with  a  mouth, 
and  those  which  are  mouthless.  We  have  accordingly  constituted  two  pri- 
mary divisions,  viz.,  1.  Ciliata,  Protozoa  moved  by  cilia  ;  and  2.  Ehizojjoda, 
moved  by  valuable  processes.  The  Rliizopoda  (XXI.)  are  aU  mouthless,  or 
'  astomatous,'  whilst  the  Ciliata  (XXIV .-XXX.)  have  a  mouth,  and  are 
styled  by  Siebold  '  Stomatoda/  with  the  exception  of  a  small  family,  the 
Opalincea  (XXII.  46,  47),  and  perhaps  also  of  that  of  the  Peridinicea 
(XXXI.  16-23). 

However,  besides  the  beings  usually  included  among  the  Ciliata  and  Bhizo- 
poda,  there  are  several  subordinate  Protozoic  groups,  some  of  which  either 
stand  as  it  were  midway  between  them,  or  represent  a  development  of  the 
amoi-phous  and  mouthless  BMzopoda  in  a  ditferent  direction ;  such  are  the 
6-regarinida  (XXII.  28-36),  with  the  associated  Psorospermia  (XXII.  37- 
41),  the  Spongiada,  Thalassicollida,  and  Polycystina,  all  which  must  rightly 
also  be  numbered  with  the  Protozoa. 

Of  the  Ciliata  themselves,  there  is  a  fui'ther  and  higher  development  of 
their  type  in  the  subordinate  groups  of  Ichtliydina  (XXII.  46-47)  and  Noc- 
tilucida  (XXXI.),  and,  on  the  other  hand,  a  degradation  of  it,  as  ali-eady 
noted,  in  the  case  of  the  Opalincm  and  Peridinicea.  Here  we  would  remark 
that  the  term  '  Infusoria '  has  been  employed  by  several  writers,  in  hcu  of 
that  of  Ciliata,  which  we  adopt ;  stiH  it  is,  to  oui'  mind,  both  less  appropriate, 
and  also  open  to  objection,  not  only  on  account  of  its  meaning  being  quite 
indefinite,  but  also  by  its  having  everywhere  acquii'cd  a  very  much  mder 
signification,  in  consequence  of  which  it  will  always  be  open  to  misconception 
when  applied  to  a  comparatively  very  small  class  instead  of,  as  heretofore,  to 
a  very  various  and  wide  collection  of  microscopic  organisms.  Another  word 
mvmted  is  '  Stomatoda,' v^hich  is  precisely  equivalent  in  the  extent  of  its 
signification  with  the  tern  Ciliata,  the  mouthless  families  only  bemg  excluded. 

Excepting  their  subordinate  groups,  the  organisms  comprehended  among 
the  Ciliata  and  Bhizopoda  formed,  in  conjunction  with  the  Dcsniidiea',  Dia- 
tomece,  and  the  families  we  have  brought  together  under  the  appellation 
PJiytozoa,  the  great  class  Polygasirica  in  the  system  of  Ehrenberg.  Little 
reflection  is  necessaiy  to  convince  om-solves  of  the  very  heterogeneous  nature 
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of  the  collection  of  living  objects  assembled  in  that  class ;  and  even  Ehrenberg 
himself  would  never  have  siiggested  such  a  grouping,  had  he  not  imbibed  the 
hypothesis  of  a  pervading  uniformity  of  organization  possessed  by  the  simplest 
animated  beings  in  common  Avith  animals  considerably  advanced  in  the  scale, 
and  imder  its  influence,  aided  by  his  imagination,  found  in  aU  these  various 
organisms,  a  polygastric  structure,  viz.  an  apparatus  of  numerous  stomach- 
sacs,  communicating  directly  or  indirectly  with  the  mouth.  Ilotwithstanding 
the  many  prominent  errors  in  Ehi'enberg's  classification,  he  rightly  recognized 
in  fi-aming  it  the  value  of  the  external  means  of  locomotion,  and  distingmshed 
a  group  of  Polygastrica  imder  the  name  of  Pseudopoda. 

Siebold,  who  proposed  the  term  Protozoa,  limited  it  to  two  classes,  distin- 
guished as  the  '  Infusoria  '  and  the  '  Rhizopoda  ',  omitting  the  supplementaiy 
groups  above  mentioned.  The  Infusoria  he  divided  into  two  orders,  the 
'  Astoma '  and  '  Stomatoda,'  the  latter  of  which,  together  with  two  of  the 
three  families  of  Astoma,  is  equivalent  to  our  class  Giliata,  its  remaining 
family  Astasixa  being  a  member  of  our  group  of  Pliytozoa. 

The  Protozoa,  as  understood  by  us,  may  be  thus  exhibited  at  one  view. 

CiLIATA.  RhIZOPODA. 

.  /  Opalinsea  a.  Amcebasa 

a.  Astoma     |  PeridiniEea  (?)  b.  Mouotbalamia  or  Monosomatia 

b.  Stomatoda   ^ 

c.  Polythalamia,  Polysomatia,  or 
Foramiiiifera. 


Gregarinida 
Psorospermia 
.      1  [■  Polycystina 

Icbtliydina  I   Supplementary  groups  I  Thalaasicollida 

NootiluoidaJ  [Spongiada 

In  treating  of  these  several  classes  and  groups  we  shall  commence  with 
the  Bhizopoda,  omitting,  however,  lest  our  subject-matter  be  too  much  ex- 
tended, the  Pohjcystina,  Tlialassicollida,  and  Spomjiada  ;  we  shall  next  pro- 
ceed with  a  brief  description  of  the  Gregarinida,  and  its  subordinate  family 
Psorospermia,  and  then  after  considering  the  Opaliima  and  Peridiniaa  as 
intermediate  groups,  proceed  to  detail  the  history  of  the  perfect  Ciliata— 
the  /Stoma<oc?«,— finishing  our  account  with  the  Ichthydina  and  Nocttlucida 
as  the  highest  developments  of  Protozoic  life. 

As  a  result  of  om-  inquiry,  we  shall  see,  on  the  one  hand,  in  the  time 
Ciliata,  simple  animal  organized  matter,  with  a  veiy  slight  amount  of  differ- 
entiation, attain  its  acme  of  development  in  the  VorticeUina,  and  m  these 
animalcules  exhibit  a  superiority  m  organization  above  the  lowest  links  of 
groups  relatively  higher  in  the  chain  of  animal  life  ;  and,  on  the  other  hand, 
in  the  Ehizopoda,  of  stiU  simpler  organization,  the  same  organic  livmg 
material  developed  in  a  totally  different  du-ection  to  a  maximum  m  the  most 
beautiful  and  complex-shelled  Foraminifera,  which  in  outwai-d  form,  although 
in  no  real  homology,  emulate  the  highest  class  of  Invertebrata,  viz.  the 

Cephalopoda,  l  a 

Another  lesson  may  also  be  derived  from  the  objects  of  our  present  study, 
yi'A  the  fact  of  the  marvellous  variations  which  can  be  made  out  of  one  or,  it 
may  be  two  elementarj'  structiu-es.  Thus  tlie  simple  contractile  substance  which 
can  live  independently  in  the  condition  (XXI.  1-4 ;  mi.  1-23) 

encases  itself  in  a  one-chambered  shell  in  the  Monothalamra  (XXI.  6-19), 
and  into  a  many-chambered  one  in  the  Polythalamia  (XXI.  20-36),  and  again 
lives  partly  within  and  partly  without  the  curious  silicious  skeleton  of  Poly- 
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cystina,  and  in  singular  relation  -svitli  a  spiciila  skeleton  in  Spongiada  and 
TJialassicolIida.  . 

So,  if  we  look  to  the  Ciliata,  we  find  that  the  hardening  of  the  superficial 
lamina  of  their  substance  into  a  soi-t  of  integument  gives  rise  to  numerous 
modifications  in  external  form  and  functions,  according  to  the  degree  of 
induration,  and  the  processes  sent  out.  The  flexible-sldnned  Colpodea 
(XXIX.  25-50)  depend  for  their  movements  upon  their  garnitiu-e  of  vibratile 
cilia,  and  are  merely  swimmers,  whilst  the  hard-coated  Euplota  (XXV.  350- 
353)  produce  short  moveable  processes  which  act  as  legs,  upon  which  they 
can  rapidly  creep.  Lastly,  the  selfsame  primitive  contractile  substance  is 
formed  into  a  stem  in  the  Vorticella,  which  supports  the  animalcule  at  its 
apex,  and  exhibits  helicoid  contractions,  astonishing  both  by  their  rapidity 
and  completeness. 

SUBSECTION  I.— EHIZOPODA. 
(Plates  XXI.  XXII.) 

The  true  Bhtzopoda  constitute  a  large  class  of  microscopic  animated  beings 
of  the  most  simple  character.  They  may  be  defined  as  non-ciliated  Protozoa 
moving  by  variable  expansions.  Their  organic  animal  substance  presents  no 
distinction  of  tissues  or  of  organs,  but  is  homogeneous,  contractile,  and  trans- 
lucent, resembling  a  tenacious  mucus  or  soft  tremulous  jelly,  and  is  perpetually 
changing  its  form  by  expanding  itself  at  one  or  several  points  into  processes 
of  ever-vaiying  dimensions,  arrangement,  and  number,  and  called  in  conse- 
quence "  variable  processes."  Inasmuch,  moreover,  as  these  shifting  ofi"shoots 
are  their  only  means  of  locomotion,  they  have  frequently  been  called  "  feet," 
and,  as  they  are  also  characteristic  of  the  class,  have  given  origin  to  the  terms 
"  Pseudopoda  "  (with  false  feet)  and  "  Rhizopoda  "  (root-like  feet)  to  desig- 
nate it.  Again,  the  living  mass  is,  in  numerous  instances,  capable  of  enclos- 
ing itself  by  a  shell  of  vai'ious  figm-e,  consistence,  and  complexity ;  and  such 
variations  serve  to  separate  the  Ehizopoda  into  families  and  genera. 

In  the  simplest  shell-less  beings  (XXI.  3,  4),  vitality  is  exhibited  by  the 
slow  protnision  and  retraction  of  the  variable  processes,  by  the  change  of 
form,  their  onward  movement,  and  the  introduction  of  nutritive  substances, 
and  by  the  gradual  changes  of  the  introduced  matters  indicating  a  digestive 
act.  They  therefore  manifest  vital  contractihty,  a  power  of  locomotion,  a 
degree  of  sensibility,  and  a  digestive  process. 

Repeated  observation  likewise  reveals  the  fact  of  progressive  growth,  and 
the  faculty  of  reproduction.  The  testaceous  forms  exliibit  theii-  vitality 
after  the  same  manner,  and  surpass  the  naked  Rhizopoda  only  in  the  mar- 
vellous power  of  secretion  displayed  in  the  production  of  theii-  shells  (XXI. 
6-36). 

Although  in  organization  the  Rhizopoda  stand  even  below  the  ciliated 
Protozoa,  yet  an  animal  nature  must  be  allowed  them;  indeed  the  simplest 
iorms  are  the  rudest  specimens  of  animal  existence.  Under  the  term  Bliizo- 
podaave  compnsed  thi-ee  well-marked  famiHes,  viz.  the  Amcehina  or  Amcnbcea, 
which  are  without,  and  the  Monothalamia  and  the  Foraminifera,  with  shells. 
^\  f  ^        ^^''So  opening  to  their  monolocular  (one-celled) 

sneus  (AJVi.  b-l  /)_hence  the  name,— whUst  the  Foraminifera  owe  thcii-  de- 
signation to  the  existence  of  numberless  smaU  orifices,  generally  distributed 
over  a  multilocular  (many-ceUed  or  chambered)  testa  (XXI.  20-36). 

We  have  frequently,  in  the  following  pages,  used  the  term  AreeUina  as 
synonymous  with  Monotlmlamm  :  for  although  the  family  known  to  Elircubcrg 
imdcr  that  name  comprehended  only  a  portion  of  the  genera  that  Schultzo 
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arranges  in  his  group  of  single -chambered  or  monolocular  shells,  yet  its 
meaning  may  be  equally  extended. 

It  would  probably  have  been  correct  to  have  placed  the  Acineiina  (XXIII.) 
among  the  Ehizopoda,  as  another  family  closely  allied  to  the  Amosbina ;  but 
the  detail  of  their  pecuharities  would  have  too  much  embarrassed  the  general 
description  of  structure  which  we  have  endeavoured  to  give  of  aU  the  usually 
acknowledged  or  true  Ehizopoda ;  we  have  therefore  preferred  to  describe 
them  as  a  subclass  in  the  following  chapter. 

The  examination  of  the  Ehizopoda  requii-es  to  be  conducted  with  great  care 
and  skiU, — a  requirement  sufficiently  illustrated  by  reference  to  the  erroneous 
notions  and  descriptions  of  the  older  observers.  They  must  be  viewed  in  all 
positions  under  different  degrees  and  modes  of  illumination,  by  reflected  as 
well  as  by  transmitted  light,  and,  especially  in  the  case  of  the  testaceous 
varieties,  after  submitting  them  to  pressure  and  to  the  action  of  various 
chemical  agents,  or,  when  sufficiently  large,  after  making  sections  of  them  in 
different  directions. 

The  organic  living  mass  of  all  Ehizopoda  is  alike,  and  corresponds  with  the 
"  Sarcode  "  of  ciliated  Protozoa  and  with  the  amorphous  contractile  substance 
of  Hydra  and  of  other  low  organisms.  It  appears  in  the  present  class  a  con- 
tractile, highly  elastic,  colourless,  almost  fluid  mucus,  hyahne  or  diaijhanous, 
homogeneous,  and  in  refracting  power  differing  little  from  water.  No  di- 
stinction into  an  enclosing  firmer  membrane  or  integument  and  contents  is 
discoverable ;  and  cilia  are  never  found.  These  characters  exist  in  entirety 
only  in  very  young  animals ;  for  at  a  very  early  period  molecules,  granules, 
and  globules  or  vesicles,  and  various  foreign  particles,  make  then-  appear- 
ance, diminish  the  transparency,  and  often  impart  colour.  _  _ 

A  new  species  of  Aniceba,  figm-ed  by  Schultze,  the  A.  cjlobularis,  is  repre- 
sented as  having  a  thin,  transparent,  colourless  lamina  of  contractile  substance, 
from  which  the  processes  are  given  off,  and  which  surrounds  a  globular,  co- 
loured and  granular  chief  or  nuclear  mass  (XXI..  1,  2).  A  similar  (hstiibution 
of  the  substance  of  an  Amoeba  into  a  hyaline  colourless  cortical,  aud  a  granu- 
lar coloui-ed  meduUary  portion,  is  represented  by  the  same  author  another 
species;  and  it  is  moreover  a  structiire  homologous  with  that  m  the  alhed 
genus  Actinoplirys  (XXIII.  28,  29).  As  to  the  assigned  character,^  of  the 
animal  sarcode  being  destitiite  of  a  distinct  investing  membrane  or  integu- 
ment the  sheU  produced  by  the  testaceous  forms  might  be  considered  equiva- 
lent to  one;  and  if  some  observations  hereafter  aUuded  to  be  correct  a  re- 
sistant integument  among  the  Ehizopoda  must  be  admitted  as  an  estabhshed 

^^*^It  is  possible  that  in  some  instances  the  organic  substance  has  a  coloui-  of 
its  own ;  for  instance,  Ehrenberg  describes  Amoeba  princess  as  having  a  yeUow 
colour  However,  in  general  the  occuiTcnce  of  coloiu'  is  consequent  on  that 
of  eranules,  and  on  the  introduction  of  food  ;  and  observation  proves  that  the 
denth  of  colour  augments  with  age,  and  is  othci-wise  m  dii-ect  relation  with 
the  abundance  of  food.  The  coloui-  is  usuaUy  pretty  uiufoi-mly  diffiised. 
Schultze  shows  this,  and  also  its  relation  with  the  thicldy-chstnbutcd  minute 
granules,  in  many  MZioZ«?c.,.i2otoZ/<^c.,  and  ft-o»ua>.  In  If^^'^^^  AP^^f^^^^^ 
ndds^  such  as  Polystomella  strigilata  and  Qromxa  ovtformis  (XXI.  lb),  the 
coloii  occurs  in  scattered  and  much  larger  particles  or  vesicles  ;  yet  under- 
whrform  soever  found,  it  is,  in  the  case  of  the  many-ceUed  or  chambei;ed 
MranSera,  deepest  in  the  oldest  ceUs,  and  progressively  fades  on  approach- 
J'oramimjera,      i  ^^^^  commonly  qmte  colouriess 

7^X128  S  36)  Expei-iment  also  showed  tiiat,  by  depriving  the  annuals 
Kod  wWch  coiJld  conW  colour,  other  chambers  than  the  last  lost  their 
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tint,  and,  vice  versa,  that  by  feeding  tliem  abundantly  with  such  food,  even 
the  animal  substance  of  the  ultimate  cell  acquii'ed  colour.  Irregiilar  accu- 
mulations of  colouring  particles  in  the  ultimate  chamber  arc  of  rare  occur- 
rence.   Ehi-enberg  has  figured  such  in  Nonionina  germanica. 

The  colourless,  or  almost  coloiuiess  Rhizopods,  principally  Amosbce,  are, 
owiag  to  thcu-  transparency,  visible  with  difficulty,  and  require  nice  adjust- 
ment of  the  microscope  and  of  the  Hght  to  demonstrate  their  vitality  and 
movements. 

Concerning  the  chemical  relations  of  the  organic  substance,  it  is  staiaed 
yellow  or  yeUowish-brown  by  solution  of  iodine,  like  other  proteine  matters, 
and,  according  to  Schultze,  is  unaltered  by  diluted  acetic  acid,  is  slightly 
hardened  by  a  dilute  solution  of  the  alkalies,  and  more  so  by  one  of  the  car- 
bonates. Moreover,  its  resistance  to  chemical  action  would  seem  to  differ 
in  different  species  ;  for  the  Gromia  Dujardinii  was  the  least  affected  of  se- 
veral animals  experimented  on. 

"The  colouring-material,"  to  quote  the  same  writer,  "  assumes  by  the  action 
of  sulphuric  and  of  hydrochloric  acids  an  intense  verdigris  green,  and  by 
that  of  nitric  acid,  first  a  green  and  then  a  yeUow  tint.  Concentrated  sul- 
phmic  acid  destroys  the  coloui'ed  substance,  but  when  combined  with  sugar, 
renders  it  green.  By  concenti-ated  solutions  of  potash  and  soda,  the  coloui'ed 
granules  are  dissipated  without  change  ;  and  in  ether  and  alcohol  they  are 
readily  and  completely  dissolved.  In  these  reactions  the  colouring-matter 
agrees  with  Diatomece,  from  which,  no  doubt,  it  is  derived  in  the  form  of  food." 

No  definite  figure  can  be  said  to  belong  to  the  animal  portion  of  the  Ehi- 
zopoda,  owing  to  its  capability  of  thi'owing  out  processes  in  every  direction, 
of  various  dimensions  and  in  different  numbers,  changing  them  almost  every 
moment.  Auerbach,  however,  asserts  of  the  Amoebce  that  they  have  normally 
a  spherical  figau'e.  Dr.  Bailey  has  pointed  out  the  influence  of  pressure  from 
within,  due  to  the  various  articles  swallowed,  in  modifying  the  figure.  The 
Amcehce,  being  untrammelled  by  a  shell,  exhibit  the  Protean  changes  of  form 
in  the  highest  degree,  whilst  the  completely  enclosed  Foraminifera  present 
them  in  the  lowest.  In  the  latter  the  organic  mass  miLst  follow  the  windings 
of  the  cavity  of  the  shell  (XXI.  24),  and  can  escape  only  from  the  foramina 
(holes)  as  thread-like  filaments,  in  the  form,  extension,  and  subdivisions  of 
which  great  latitude  prevails.  We  have  said  that  the  sarcode  of  Polyiliala- 
mia  follows  the  windings  or  adapts  itself  to  the  figure  of  each  segment  of  the 
shell,  and  has  actually  no  figure  of  its  own.  However,  when  separated  from 
its  calcareous  investment  by  means  of  an  acid,  it  retains  the  outline  originally 
imposed  on  it.  Thus  (XXI.  24)  Schiiltze  exhibits  the  sarcode  substance  of  a 
Mdiola  so  separated,  which  shows  a  constriction  at  each  half  turn  of  the  spiral 
and  the  delicate  membrane  which  invests  it  or  lines  the  shell.  So  ao-ain  Dr 
Carpenter,  in  his  description  of  OrUtolites,  states  that  the  soft  sarcode  body  is 
made  up  of  a  munber  of  segments  equal  and  similar  to  each  other,  and  arranged 
m  concentric  zones  around  a  central  nucleus.  Among  the  Amcehce  the  valua- 
ble processes  may  either  be  protruded  at  one  time  from  eveiy  portion  of  the 
httle  mucous  mass  so  that,  as  Ehrenberg  remarks  of  the  Amceha  radiosa,  it 
may,  when  fuUy  outspread,  be  likened  to  a  miniature  porcupine ;  or,  othcnvise, 
they  may  be  produced  chiefly  or  entirely  from  one  side ;  or,  as  when  the  ani- 
mal IS  moving  they  are  thrown  fomard  in  the  chi-ection  it  is  progressing,  and 
retracted  on  tho  opposite  side.  Among  many  MonothaJamia  the  bulk  of  the 
livmg  mass  issues  through  the  one  large  oi-ifice,  and  can  spread  out  in  a  similar 
manner  to  the  free  Am(xbma,— the  sheU,  according  to  the  dii-ection  of  the 
pseudopodea,  resting  m  the  centre  of  the  mesh  or  on  one  side.  The  Forami- 
nipra  have  a  like  capacity  of  extruding  their  processes  in  one  direction  rather 
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than  in  another,  or  in  all  directions  together;  and  accuniulations  of  then- 
mucous  substance,  or  fusions,  may  take  place  on  any  one  side.  In  this  family 
the  fihform  fibres  are,  as  a  rule,  not  seen  protruded  at  any  one  time  tlirough 
all  the  pores  perforating  the  shells. 

Many  genera  have,  besides  the  generally- distributed  small  foramina,  a  larger 
orifice  in  the  ultimate  chamber  ;  such  is  seen  in  Botalia  and  Textilaria.  In 
these,  says  Schultze,  it  may  be  remarked  that  the  processes  first  thrown  out 
come  pi-iacipally  from  the  large  openings,  and  frequently  a  considerable  time 
elapses  before  the  numerous  fine  pores  give  exit  to  fibres.  Often,  agaia,  the 
filaments  are  extended  only  from  the  two  or  three  last-formed  cells.  Yet 
after  long  lying  undistui'bed,  fibres  may  be  seen  proceeding  fi'om  every  part 
of  the  sm-face  of  the  finely  porous  shells.  StiE  the  question  requires  further 
examination,  to  decide  whether  the  processes  can  be  extruded  through  aU  the 
foramina  or  only  through  some  of  them  in  certain  places.  However,  as 
Schultze  remarks,  the  universal  porosity  would  seem  without  a  purpose  if  it 
does  not  give  vent  to  the  contained  substance  at  all  points. 

The  processes  of  Polythalamia  attaia  the  greatest  length  and  fineness,  and 
often  constitute  a  network  of  several  lines  in  diameter, — the  shell  of  the  ani- 
mal occupying  the  centre,  like  a  spider  lodged  in  the  middle  of  its  web.  The 
length  of  such  fibres  not  uncommonly  exceeds  twelve  times  the  diameter  of 
the  shell.  The  processes  of  most  Monothalamia  are  not  so  mmierous,  and  do 
not  equai  on  an  average  those  of  the  Polytludamia,  whilst  those  of  the  Amceboi 
are  mostly  shorter  and  broader.  The  length,  number,  and  fineness  of  the 
processes,  together  mth  their  mode  of  termination,  supply,  under  considera- 
ble hmitations,  characters  for  distragxiishing  species  chiefiy  of  the  AmcebvM, 
and  in  a  less  degree,  of  the  single-chambered  testaceous  Ehizopoda.  _ 

The  ever-fluctuating  form  of  the  animal  mass  and  of  its  processes  is  ex- 
pressed by  the  term  "  folymorphismr  It  is,  as  before  noticed,  a  weU-marked 
character  of  BMzopoda,  although  not  restricted  to  them  ;  for  the  like  is  exhi- 
bited by  the  yolk-ceUs  of  Planaria,  and  by  detached  fragments  of  the  substance 
of  Eydra ;  in  fact,  iUustrations  are  not  wanting  in  the  vegetable  kingdom. 

The  phEenomenon  of  polymorphism  would  seem  to  discountenance  the  hy- 
pothesis of  the  presence  of  a  limiting  membrane  or  skin.  Ehrenberg  described 
a  resistant,  very  elastic,  and  contractHe  integument,  and,  to  explam  the  van- 
ability  of  figure  and  the  extension  of  the  pseudopodes,  supposed  a  relaxation 
or  suspension  of  the  natural  contractihty  of  the  integnment  at  the  extending 
point,  and  a  consequent  passive  yielding  before  a  pressure  from  withm  exerted 
by  the  contained  substance.    This  explanation  he  endeavoured  to  illustrate 
bv  comparing  the  process  with  the  formation  of  a  hei-ma  or  rupture,— a  com- 
parison by  the  way,  involving  an  effort  of  imagination  to  discover  any  simi- 
larity between  the  two  occurrences.    Thus  he  remai-ks  of  Amoeba  princeps 
that  "  its  normal  shape,  if  such  it  can  be  said  to  possess,  is  globular ;  but  it 
can  relax  any  portion  of  its  body,  and  contract  the  rest,  so  as  to  force  the  in- 
ternal substance  down  into  this  relaxed  portion,  which  thus  becomes,  as  it 
were,  a  hernial  tumour."    This  notion  is  opposed  by  the  results  of  observa- 
tion    The  very  characters  of  the  processes,  their  gi-cat  length  and  ti-equcnt 
temitv,  their  branching,  adhesion,  and  coalescence  contradict  the  assump- 
tion •  and  the  fact  of  their  not  uncommon  extensoin  fi'om  aU  sides  ot  an  am- 
mal  'involves,  as  a  consequence  of  Ehrenberg's  hyi^othesis,  a  behef  m  the 
Exertion  of  internal  pressure  in  opposite  du-ections  at  the  same  time.  Oth^r 
evidence  of  the  error'  of  this  hj^othesis  is  found  in  the  foUowing  facte, 
the  adhesion  and  entrance  of  foreign  bodies  at  any  part  of  the  sai-code  sub- 
stmcelhe  cohesion  of  two  individuals,  and  that,  as  pointed  out  by  Dujardin, 
.  wS  the  gelatinous  mass  of  an  Amceba  is  torn  or  cut  across,  no  escape 
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of  a  contained  softer  matter  or  of  gramdes  takes  place,  but  each  segment  con- 
tracts on  itself  and  continues  to  live,  and,  again,  that  when  a  Ehizopod  is 
shalicn  about,  its  processes  become  flcxuous,  and  float  loosely  instead  of  being 
withdrawn  within  the  general  mass,  as  should  happen  if  a  general  contractile 
integument  enveloped  it.  Among  the  Amoeba;  generally,  a  distinct  hyaline 
cortical  substance  is  found  enveloping  the  interior  more  fluid  matters,  and 
restraining  their  escape.  (See  afterwards,  on  shells  of  MonotJialamia,  excep- 
tional forms  noticed  by  Dujardin  and  Bailey,  and  the  researches  of  Auerbach.) 

Although  an  integument  be,  therefore,  no  part  of  the  structure  of  Ehizopoda, 
yet  theu-  soft  substance  is  capable,  as  is  shown  best  in  the  Amcehina,  of  resist- 
ing internal  pressure,  such  as  that  fi'om  sihcious  shells  of  Diatomece  and  other 
hard  substances,  which  oftentimes  cause  irregular  and  sharp  projections  during 
the  movements  of  the  animals,  but  yet  very  rarely  perforate  them.  On  the 
other  hand,  Ehizopoda  become  sometimes  impaled  upon  the  rigid  fibres  of 
plants  or  other  substances,  and,  though  thus  transfixed,  wiU  move  from  one 
extremity  to  the  other,  without  any  apparent  inconvenience  or  injury.  This 
cii-cumstance  has  been  long  noticed  in  the  case  of  the  Amcehce. ;  and  Schultze 
has  figiu'ed  a  specimen  of  a  testaceous  Ehizopod — the  Gromia  Dujardinii 
— penetrated  by  a  lai-ge  curved  hair. 

Dr.  Auerbach,  in  a  recent  Essay  on  the  Amoebcea  (ZeitscJir.  1855,  pp.  365- 
430),  has  advanced  the  statement,  from  observation,  that-  all  the  Amcebce  are 
enclosed  by  an  adhesive,  elastic  and  structureless  membrane  or  integument. 
This  fact  has,  he  says,  been  so  universally  overlooked  by  reason  of  the  diffi- 
culty in  determining  it,  and,  where  caught  sight  of,  has  been  misinter- 
preted, as,  for  instance,  by  Schneider  {Miiller's  Arcliiv,  1854,  p.  201),  who 
represents  Amoeba  enclosed  by  a  membrane  as  being  in  a  state  of  "  rest,"  or 
encysted. 

Auerbach  makes  particular  reference  to  two  new  species  discovered  by  him, 
as  Ulustrative  of  the  presence  of  an  integiunent,  viz.  A.  bilimbosa  (XXII.  7- 
11),  and  A.  actinopliora  (XXII.  13),  in  both  of  which  he  detected  a  double 
peripheral  hue.  But  besides  this  evidence  he  appeals  to  the  efiects  of  reagents, 
of  acetic  or  of  diluted  sulphuric  acid  and  alkaline  solutions,  both  on  the  species 
just  cited  and  on  others  well  known — for  instance,  A.  princeps — in  demon- 
strating the  membranous  investment.  And  what  seems  at  least  very,  strange, 
we  might  say  quite  inexphcable,  he  asserts  that  upon  aU  the  processes,  how- 
ever branched,  anastomotic,  or  fine,  this  membrane  is  extended  to  their  very 
extremities  ;  for  on  adding  a  dilute  alkaline  solution  to  Amoeba  radiosa,  the 
gramdar  and  molecular  contained  mass  became  shi-unken,  and  retreated  to- 
wards the  centre,  leaving  the  figiu-e  of  the  animalcule  with  all  its  processes 
as  before  the  addition,  the  latter  appealing  as  tubules  with  closed  ends,  which 
ruptured  by  over-extension. 

This  same  author  accounts  for  the  entrance  of  solid  particles  from  without 
by  imagining  the  integument  to  rupture  to  receive  them,  and  then  to  close  on 
them  so  as  to  leave  no  ti-ace  of  the  proceeding.  Fm-ther,  the  membrane  is 
not  soluble  at  the  orihnary  temperatiu-e,  in  acetic  nor  in  mineral  acids,  nor 
m  dilute  alkahne  solutions,  and  therein  agrees  with  the  tissue  noticed  by 
Cohn  in  ParameaumjmA  other  Ciliata  {vide  chap,  on  Ciliata),  and  Avith  the 
cell-membrane  of  anmial  cells. 

These  observations  of  Dr.  Auerbach  are  well  deserving  attention,  although 
we  are  mchsposed  to  accept  them  in  their  entii-ety.  The  wonderful  poly- 
morphism, the  coalescence  of  processes,  and  the  particulars  alluded  to  above 
(p.  _^U4)  as  inconsistent  with  the  presence  of  an  integument  need  not  be 
agam  adduced  m  argument.  What  is  desirable  is,  that  observations  should 
be  multiplied  on  this  subject,  which  is  one  that  strongly  commends  itself  to 
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the  notice  of  microscopists  on  account  of  its  bearing  on  the  question  of  cell- 
constitution. 

The  variable  processes  serve  the  Ehizopoda  for  locomotive  organs.  An  ex- 
pansion is  thrown  out  in  advance,  into  which  a  constant  influx  of  the  sarcode 
substance  sets, — whilst  in  the  opposite  direction  a  counter- cui-rent  occurs, 
effecting  the  retraction  of  the  posterior  processes.  This  onward  flow  of  the 
substance  of  the  body  proceeds  until  at  length  the  whole  is  transferred  into 
the  advanced  process,  mo\dng  from  its  base  to  its  termination.  In  this  manner 
the  animal  progresses,  the  space  passed  over  equalling  the  length  of  the  ex- 
pansion it  protrudes.  This  method  of  locomotion  may  be  designated  creep- 
rag  or  crawling,  and  is  the  only  one  with  which  this  class  of  animals  is  en- 
dowed. The  consequence  is  that  they  are,  as  a  rule,  to  be  only  found  adherent 
to  solid  bodies,  and  cannot  move  by  swimming.  However,  they  can  move  as 
passive  particles  of  matter,  be  roUed  along  by  currents  upon  any  substance 
they  are  in  contact  with,  or,  from  being  (as  in  the  case  of  Amceha)  of  almost 
the  same  specific  gravity  with  the  water  in  which  they  hve,  may  float,  or  be 
suspended  ia  it  for  a  long  time.  Their  motion  by  creeping  is  exceedingly 
slow,  and  oftentimes  is  appreciable  only  by  attentive  watching. 

The  graphic  description  of  Schultze,  of  the  expansion  of  processes  m  a  naked 
Amceba  and  in  a  testaceous  species,  viz.  the  Gromici  oviformis,  wiU  make  the 
phsenomenon  more  distinct.  The  former  is  a  new  species  discovered  and  named 
by  himself  the  Amceha  pomcta  (XXI.  3).  It  is  distinguished  from  other 
species  in  the  genus  by  the  great  extension  it  is  capable  of,  and  by  the  lively 
motile  energy  of  its  contractHe  substance.  "  It  sends  out  from  its  colouriess 
body  on  aU  sides,  numerous  fibrous  processes,  short  and  broad  on  their  first 
extrusion,  but  wHch  graduaUy  elongate  until  they  exceed  the  diameter  of 
the  body  eight  or  ten  times,  and  taper  to  such  fine  extremities  that  a  mag- 
nifyino-  power  of  400  diameters  is  needed  to  distinguish  them.  The  figure 
and  extension  of  the  body  change  every  moment,  according  to  the  side  m 
wHch  the  ramifications  are  extended.  If  two  or  more  of  the  filiform  pro- 
cesses touch,  a  coalescence  takes  place,  and  broader  plates  or  net-like  inter- 
lacements are  produced,  wHch,  in  the  continual  changes  of  figui-e,  are  either 
taken  up  again  into  the  general  mass,  or  othei-wise  are  fui-ther  increased  by  a 
fresh  influx  of  matter,  until  finally  the  entire  body  is  ti-ansposed  to  their  place. 

In  the  testaceous  Oromia  oviformis  (XXI.  16),  after  a  state  of  rest  of  some 
diu-ation,  fine  fibrous  processes  are  seen  to  be  extended  fi-om  the  smgle  large 
opening  of  the  sheU,  which,  on  their  first  extrasion,  move  aboiit  in  a  gropmg 
manner  imtH  they  lay  hold  of  some  soHd  body  (such  as  the  sui-face  of  the  glass 
slide)  on  which  they  may  stretch  themselves  out,  receiving  in  the  meanwhile 
new  matter  fi'om  within  the  shell.  The  fii-st  fibres  ai-e  extremely  fine  ;  but  pre- 
sently they  grow  wider,  and  proceed  to  elongate  themselves,  pui'smng  a  straigM 
course,  ramifying  in  their  own  way  and  coalescing  with  adjommg  processes, 
untn  becoming  progressively  finer  and  finer,  they  attain  a  length  exceeding 
that  of  the  body  six  or  eight  times.    The  fibres  having  now  outstretched 
themselves  in  eveiy  dii-ection,  and  absorbed  the  greater  part  ot  the  Imely- 
jrranular  contractile  substance,  theii-  fm-ther  extension  m  length  ceases. 
However,  the  reticulations  go  on  multiplying;  numerous  bridges  (inoscula- 
tions^ are  estabhshed  between  them ;  and  by  the  continued  changes  of  position 
a  constantly  shifting  protean  web  is  produced,  where  a  greater  number  of 
LrTs  come  togethei- at  the  periphery  of  the  sarcode-net  as  we  may  term  it, 
broader  Xtes  (laming  of  the  pel'petua^y-flo^^dng  substance  are  foi-ined,  from 
wh£h  JaS  new  filaments  are  pushed  out  in  new  directions,  as  if  it  were  a 
lo^tlfZ2a.    In  the  Polysto^nellc.,  the  long  fibres  are  seen  to  converge 
to  form  a  p^anudal  bundle  aAd  to  coalesce  into  wide  laminae  at  its  apex. 
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Dujarclin  made  somo  precise  observations  respecting  the  characters  of  the 
locomotive  vaiiable  processes  and  the  rate  of  movement.  In  G-romia  oviformis, 
he  describes  a  filament  to  begin  as  a  very  fine  simple  and  uniform  offshoot, 
which  elongates  and  directs  itself  in  diftcrent  directions,  m  order  to  seek  a 
point  of  attachment ;  sometimes  it  oscillates,  at  others  it  exhibits  a  tolerably 
rapid  undulatory  movement,  or,  otherwise,  it  rolls  itself  up  in  a  spiral  manner, 
when  the  several  coils  coalesce,  and  a  mass  is  formed  capable  of  throwing  out 
afresh  other  processes.  Proportionately  to  the  extension  of  the  filament,  its 
substance  is  added  to  by  an  afflux  of  new  substance  from  the  chief  mass,  evi- 
denced by  the  movement  of  irregular  granules,  which  give  the  fibres  an  un- 
equal and  nodose  appearance.  Moreover,  the  fibre  gives  ofi"  branches  here  and 
there  at  a  more  or  less  acute  angle,  which,  in  theii-  turn,  ramify  after  the  same 
fasliion,  and  establish  communications  or  anastomoses  with  one  another.  Often 
also  films  or  laminte  of  the  gelatinous  substance  form  at  the  extremities  of 
contig-uous  fibres,  which  extend  themselves  variously.  The  fldaments  retreat 
by  an  inverse  movement ;  and  this  is  occasionally  so  sudden  that  the  end  as- 
sumes a  button-like  termination  fi-om  the  fusion  of  the  mass  of  matter  engaged 
in  its  fonnation. 

The  expansions  of  Miliola,  he  further  tells  us,  are  six  times  finer  than  those 
of  Gromia,  and  the  movement  of  the  animal  more  rapid ;  for  during  summer 
it  moves  from  about  y^th  to  -l-th  of  an  inch  in  an  hoirr.  Oristellaria  moves  ^th 
of  an  inch,  and  Vorticialis  from  J-th  to  -l-rd  of  an  inch  in  a  Like  period. 

The  variable  processes  also  constitute  the  prehensile  organs  of  the  Rhizo- 
poda.  Any  small  objects  serviceable  for  nutrition,  with  which  they  come  into 
contact,  are  laid  hold  of  by  them  apparently  by  means  of  their  viscid  sui-face ; 
and,  except  they  are  animalcules  of  considerable  size  and  power,  they  are  un- 
able to  escape.  "When  a  filament  or,  as  we  may  call  it  with  reference  to  this 
fimction,  a  tentacle  has  so  seized  its  prey,  adjoining  fibres  aggregate  about 
it  and  coalesce,  a  current  of  the  viscous  substance  sets  in  towards  the  spot, 
and  veiy  soon  envelopes  the  object  by  a  film.  The  prey  being  thus  secured, 
the  processes  shorten  themselves  and  draw  it  towards  the  chief  mass  or  body 
of  the  animal,  or,  otherwise,  the  object  seized  continues  in  the  same  place,  and 
the  whole  organic  substance  moves  towards  it, — the  result  being  in  either  ease 
that  it  is  engulfed.  In  the  Amcehina  this  prehensile  act  proceeds  as  just 
stated;  in  the  MonotJialamia  and  in  those  Foraminifera  having  a  large 
opening  in  the  last  chamber,  the  body  seized  is  directed  to  the  large  orifice 
of  the  sheU ;  but  in  those  having  no  other  than  fine  pores  or  minute  fissures, 
it  would  not  seem  to  reach  the  general  mass,  but  to  be  used  up  for  the  pui-- 
poses  of  nutrition  externally  to  the  shell,  by  a  digestive  action  inherent  in 
the  fibres  themselves.  The  mode  of  entrance,  therefore,  of  food  within  the 
viscid  organic  matter,  is  not  so  simple  and  mechanical  an  act  as  Dujardin  re- 
presented it,  but  has  much  more  of  a  vital  character.  This  observer's  state- 
ment was,  that  the  mere  pressm-e  of  the  body  of  the  animal  on  the  sm-face  it 
moved  over  caused  the  penetration  of  foreign  matters,  which,  by  subsequent 
extensions  and  contractions  of  different  parts  of  the  substance,  became  at 
length  completely  involved  in  it.  It  would  seem  that  animalcules  may  s^vim 
about  unharmed  within  the  meshes  of  the  sarcode-wcb,  but  that  so  soon  as 
they  touch  one  of  its  fibres,  they  are  as  it  were  paralped  and  incapable  of 
further  motion,  and  are  consequently  drawn  deeper  into  the  net  without  any 
opposition.  Schultze,  who  has  noticed  this  cii-cumstance,  believes  it  to  be 
qmtc  cxphcablc  as  a  simple  mechanical  act,  and  no  proof  of  a  special  be- 
numbing property  resident  in  the  soft  substance  as  Ehrenbcrg  was  inclined 
to  suppose.  Food,  or  indeed  any  extraneous  matters,  may  enter  the  soft 
bodies  of  Rluzopoda  at  any  point  of  their  surface  ;  i.  e.  in  other  words,  those 
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animals  have  no  definite  aperture  for  food— no  mouth.    This  absence  of  a 
mouth,  on  anatomical  groimds  alone,  involves  that  of  an  ahmentary  canal  or 
of  a  polygastric  stracture  such  as  Ehrenberg  imagined.    Ihe  digestive  cells, 
so  called  of  Arcellina  are  notHng  more  than  hoUow  spaces  or  vacuoles  (XXil. 
7  8  9)  'which  spontaneously  and  irregularly  develope  themselves  m  the  mu- 
cous sarcode  substance.    They  especiaUy  make  their  appearance  after  the  in- 
troduction of  food,  the  particles  of  which  generaUy  appear  enclosed  within 
them  and  to  be  surroimded  by  a  fluid.    In  the  aUied  organisms  represented 
bv  Actinophrys,  M.  ClaparMe  states  that  the  pai-ticle  of  food  always  hes  m  a 
cavity  fiUed  mth  fluid— a  vacuole —and  that  the  fluid  is  of  a  pale  reddish 
colour  with  difeerent  refractive  powers  to  those  of  water,  and  is  m  aU  proba- 
bihtv  a  solvent  or  digestive  fluid.    This  pale-red  or  reddish-yellow  tmt  of 
the  vacuoles  is  remarked  also  in  Amc^ba^ ;  and  the  observed  dissolution  and 
eventual  disappearance  of  organic  matters  absorbed  is  a  sufficient  proof  of 
the  presence  of  a  digestive  secretion.  In  an  Arcella  vulgams,  Perty_ witnessed 
the  successive  appearance  of  foiu'  vacuoles,  each  in  its  turn  enlarging  from  a 
small  roimd  to  a  large  reniform  space,  and  thereby  expanding  the  dimensions 
ofthe  aSmal  itse/  He  beUeved  them  to  be  filled  wit^^  arr,  and  hke  the 
air-bladders  of  fish,  to  serve  to  float  and  turn  the  animals  m  the  water,  when 
free  and  without  solid  objects  to  crawl  upon.  ^  „ 

Ehrenberg  states  that' in  some  Arcellina,  where  "  digesfave  sacs  were 
otherwise  in^sible,  they  were  brought  into  view  by  feedmg  the  ammals  m  h 
CO  W  substances.  He  thus  presumed  on  the  pnor  existence  of  these  ceLs, 
suWng  the  colouiing  particles  to  be  merely  the  means  of  bnngmg  them 
i^to  ^ew  The  true  explanation,  however,  is,  no  doubt  that  the  con- 
s^mctron  of  vacuoles  is  cLsequent  on  the  introduction  of  food,  and  de- 
Went  on  the  manner  in  wHch  the  animal  substance  enfolds  the  sohd  par- 
ticles wHch  it  has  seized.  Observation,  indeed,  proves  that  the  vacuo  es 
haveTo  constant  and  definite  existence  and  position ;  for  they  coUapse  and 
Swear  when  the  contents  are  removed  or  are  reduced  to  a  few  &^^e 
S  amSes  dilersable  in  the  common  mass.  They  also  constantly  sj^t  their 
^  nV,d  T,ot  unfreauently  make  their  way  to  the  surface,  at  which  they 

CsTand"  sapped  rD^^^^  also  remarks,  they  sometimes  form  at  or 
S  the  sSe,  and  may  even  serve  as  a  medium  for  introducing  foreign 

r<  ^oirmTSxi.  16),  containing  other  clear  corpuscles,  sometimes  to 
ttTlbjf ofTgifefn,  but  never  stining  together  ;  he  beHeves  W^owi-  ^at 
stilc^^tsLt  e'xist  among  other  Fora.nin^fera,  and  seems  disposed  to  attn- 
bute  to  them  a  nuclear  cha^^^^^^^^^  Po?yf7.aZ«mm,  in  each  chamber. 
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tliick.  This  intestinal  cavity,  he  affirmed,  communicated  with  the  ceU  m 
front,  and  the  one  next  behind  it  by  a  narrower  canal— the  siphon,— and 
that  in  this  manner  a  sort  of  continuous  moniHform  intestine  was  produced, 
extending  from  the  piimary  to  the  penultimate  cell.  He  adds  that,  after  the 
solution  of  the  shell  of  Nonionina  Oermanica  by  dilute  acid,  various  silicious 
Infusorial  shells  could  be  seen  Avithin  this  digestive  tube,  as  far  back  in  the 
animal  as  the  first  chamber.  Moreover,  he  was  fortunate  enough  to  be  able, 
after  the  dissolution  of  the  shell  of  Botalia  by  acid,  and  by  proceeding  very 
gradually,  to  set  free  an  internal,  spiral,  joiuted  body,  the  segments  of  which 
were  Strang  together  iu  Nonionina  by  one,  and  in  Geoponm  by  from  18  to 
20  tubes  (siphons)  ;  strong  acids  destroyed  the  shell  so  rapidly  that  the  con- 
tained delicate  body  became  broken  up  into  many  insignificant  fragments.  In 
none  did  he  succeed  in  introducing  coloured  food.  This  digestive  appai'atus 
others  have  sought  in  vain  in  the  Foraminifera.  The  spiral  articulate  body 
extracted  by  the  Berlin  naturalist  from  the  shell,  was  undoubtedly  nothing 
more  than  the  soft  animal  contents,  somewhat  acted  on  by  the  acid,  such  as 
Schultze  has  pictured  from  the  cavity  of  a  Miliola  (XXI.  24). 

Respecting  the  penetration  of  food  to  the  primordial  chamber,  which  Ehren- 
berg  imagined  he  had  seen  in  Nonionina,  Schultze  observes  that,  among  the 
many  beings  he  has  examined,  he  has  not  detected  nutritive  matters  further 
back  than  the  second  or  third  cell. 

The  substances  received  from  without,  after  having  served  their  purpose 
within  the  gelatinous  body  of  Ehizopoda,  make  their  way  outwards  and 
escape  fi-om  any  part  of  the  surface, — an  anus  being,  like  the  mouth,  pro- 
duced temporaxily,  at  any  point  whatever,  where  matters  present  themselves 
for  discharge. 

The  materials  taken  within  the  body  of  Ehizopods  are  most  heterogeneous  ; 
no  selecting  power  being  displayed  by  the  animals,  various  Cihated  Protozoa, 
fragments  of  the  filaments  and  spores  of  Algse,  frustules  of  Diatomece  and 
DesmidiecB,  even  Botatoria,  fall  a  prey :  but  along  with  these,  from  which 
nutriment  may  be  extracted,  are  other  substances  which  can  be  supposed  to 
serve  no  usefnl  purpose ;  such  are  particles  of  sand,  morsels  of  woollen  and  of 
cotton  tissues,  and  the  like.  The  introduction  of  particles  indiscriminately 
is  explicable  from  the  mode  in  which  they  are  captured  by  the  filamentary 
arms,  which  seem  to  act  in  a  prehensile  manner,  on  feeling  the  contact  of  any 
foreign  object,  be  that  what  it  may. 

Dujardm  threw  doubts  upon  the  nutritive  purpose  of  the  solid  objects 
swallowed,  and  supposed  the  act  of  nutrition  consisted  in  the  simple  imbibition 
or  endosmosis  of  fluid  from  without.  "  It  is,"  he  writes,  "  difScult  of  belief 
that  these  included  particles,  by  reason  of  their  consistence  and  the  unalter- 
abihty  of  many  of  them,  can  serve  to  nourish  the  Amoehce  ;  yet,  whilst  admit- 
ting that  they  are  nomished  by  absoi-ption,  I  would  not  deny  that  they  may 
find  means  of  still  more  readily  appropriating  nutritive  materials,  by  swallow- 
ing various  foreign  bodies,  and  by  so  increasing  their  absorbent  surface."  The 
evidence  of  direct  observation,  however,  is  in  favoui-  of  the  conclusion  that 
the  substances  received  within  the  simple  animal  mass  actually  afford  ma- 
terials for  its  nutrition.  The  contents  are  ever  changing  and  making  theu- 
exit  from  it ;  and  an  act  of  digestion  or  of  solution  is  perceptible — slow,  indeed, 
even  when  soft  Ciliated  Protozoa  are  the  subjects.  Thus  animalcules,  when 
within  the  sarcode  mass,  arc  first  compressed  into  small  balls ;  the  distinct- 
ness of  their  parts  then  fades,  and  tliey  are  presently  converted  into  smaU 
gelatinous  globules,  which  in  due  course  disappear,  from  amalgamation  ^vith 
the  enclosing  substance.  Where  the  included  body  consists  partially  of 
insoluble  material,  this  remains  behind  in  the  form  of  fine  granules,  or,  in 


210  GENEEAL  HISTOKY  OF  THE  INFTTSOHIA. 

the  case  of  the  silicious-enveloped  Diatomece,  the  dense  skeleton,  emptied 
of  its  organic  contents,  continues  visible  for  a  longer  or  shorter  time.  The 
rohbin"  of  the  frastnles  of  EaciUaria,  and  the  appropriation  of  their  coloured 
endoclS-ome,  has  been  referred  to  in  the  foregoing  remarks  on  the  colouring  ot 
Ehizopoda  (p.  203)  by  the  green  coloui-ing-matter  of  plants.  _ 

The  Ehizopods  BaUey  describes  were  met  with  m  a  vivanum,mto  wbicH 
"bits  of  boiled  beans  and  potatoes  had  occasionaUy  been  introduced  as  food 
for  other  animalcules ;. .  .  .on  the  appUcation  of  tincture  of  iodine  to  these 
animals,  a  distinct  blue  colour  was  often  seen  diffused  over  the  whole  surface 
of  many  of  the  grains  of  sand  in  their  stomach."  ,      ,     ,     .  . 

The  above  facts— to  which  we  may  add  another,  viz.  that  the  abundance  ot 
granules  in  the  interior  is  in  direct  propoi-tion  with  that  of  food— fui-nish 
sufficient  proof  of  the  occurrence  of  a  digestive  faculty,  and  of  a  power  of 
assimilation  among  the  Ehizopods.  This  imphes  the  existence  both  of  a 
digestive  fluid,  and  of  a  secretory  function ;  the  latter  too,  is  farther  ex- 
emnlifled  by  the  production  of  sheUs  in  the  majority  of  the  class.  _ 

iuerbach  (op.  cU.  p.  422)  distinguishes  two  leading  vaneties  of  granules  m 
AmcehcB -.-one  of  a  pale  coloui-  and  finely  divided,  and  either  soluble  m  , 
alkalies  and  acids,  and  turned  brown  by  iodine,  or,  more  ^'^f  J' ^^^^^^^^ 
alkalies;  the  other,  dark  in  hue,  strongly  refractmg  and  iisuaUy  cone- 
sponden  in  numbed  and  relative  size  with  the  ammalcules  to  which  they 
appertain.  These  latter  have  the  aspect  of  fat-molecules ;  are  sphencal  or 
eSiptic,  or  at  times  ciystalli^ed  in  a  rhombic  form ;  and  they  are  easily  soluble 
in  cold  alkaline  solutions,  and  more  slowly  so  in  concentrated  acetic  and  sul- 
phuric acids.  In  one  species,  A.  bilimhosa,  he  met  with  starch  globules ;  but 
■ebp-^p  were  nrobably  of  extraneous  origin. 

Mo^TS  OF  cL™  P.BXicLES.-EveiT  movemen  of  the  ~  suV 
stance  of  Ehizopoda  is  accompanied  by  one  of  the  granules,  and  of  the  .mall 
vesicles  or  globules  contained  within  it.    THs  motion  of  the  contents  foUows 
Tcertl  cotse,  and  is  especiaUy  obsex^able  in  the  outstretched  variable  pro- 
cessfs^cSze  thus  describes  it  in  the  large  Amcebapo^^ecta A  contmued 
emrent  of  the  granules,  imbedded  in  the  contractUe  substance,  accompanies  aU 
JSrXenomfna  (viz.  of  polymorphism) ;  and,  in  the  processes,  this  current 
foUows  two  directions  ;  ttas  the  globules  may  be  -^^f  ^r'fw'.ndt; 
towaTds  the  end  of  the  process,  when  they  tui-n  roimd  to  the  other,  and  axe 
canied  with  a  comparatively  more  rapid  motion  back  towaa-ds  the  base  of  the 
Sament  where  they  are  lost  in  the  substance  of  the  body,  unless  they  happen 
rSeet  another  stronger  stream  by  which  they  are  reconveyed  tln-ough  the 
saiS  ctcSt A  precisely  similar  phenomenon  is  witnessed  m  the  testaceous 
EopoT  Thus  in  Oromia  oviformis,  Schultze  says,  the  granules  are  seen 
Separt  fro-^  the  substance  wit4i  the  shell,  to  the  end  of  the  fila-nte  -d 
thence  to  return  again  to  the  point  fi'om  which  they  set  out.    ihis  cucula 
h-on  ^oes  on  in  every  process  ;  but  it  is  in  the  broader  filaments,,  containing 
ifiws  granules,  that  the  double  stream  is  chiefly  visible  :  for  in  the  finer 
ors  whose  diameter  is  often  less  than  that  of  some  of  the  co>l)uscle^  t^^^ 
more  barely  seen ;  in  fact,  in  the  latter  the  granules  seem  not  to  be  mchided 
^°thi^  the  substance,  but  to  be  transported  on  the  sui-face..    Oftentunes  a 
r™le  on  arriving  at  a  point  where  a  fibre  bifai-catcs,  is  aiTes ted  for  a 
tTme  mXa>™  one  either  current,-whilst  at  the  bndge-hke  con- 
^LTbetween  adioining  filaments,  where  the  granules  pass  across  from 
rthe  otiiei  it  not  unfrequcntly  happens  that  they  ai-e  transferred  from 
'''''    f-ft?.n  to  a  centripetal  stream,  and  are  consequently  tui-ned  back  again 
r  '    H^he  body    Moreover,  in  the  broader  processes,  granules  are  observed 
ircome  te  a'sttcl,  fo  osciUate  for  a  time,  and  at  length  to  take  a  retrogi-ade 
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coui'se.  Since  there  is  no  appreciable  distinction  of  tissues,  not  even  of 
integument  and  contents,  the  existence  of  vessels  to  account  for  these  cur- 
rents cannot  be  presumed. 

A  ciu'ious  exception  appears  to  exist  in  Gromia  Dv/jardinii,  the  filaments 
of  which  exhibit  no  granules,  but  are  perfectly  hyaline,  and  moreover  show 
no  cii'culation.  In  their  transparency,  Schultze  remarks,  they  resemble  the 
processes  of  Arcella  and  Diffiugia,  and  so  also  in.  the  matter  of  breadth,  but 
differ  by  their  greater  length,  their  fmely-pointed  extremities,  and  by  theii* 
frequent  lumifications.  This  species  has  also  ia  its  principal  mass  peculiar 
corpuscles,  round,  oval,  or  irregular  iu  figiu'e,  with  a  shai'p  outline,  and  of  a 
brown  colour,  diffei-uig  from  aU  other  knoAvn  elementary  particles  ia  chemical 
reaction,  ia  resistance  to  alkaline  solutions,  and  to  mineral  acids,  even  to 
sulphuric. 

Amid  the  many  shiftiag  coi-puscles  and  small  globules  is  a  large  vesicle, 
constant  in  position,  alternately  collapsing  and  dilating,  and  hence  called  the 
contractile  vesicle  (XXTI.  4,  5,  6).  This  organ,  which  is  homologous  with 
the  pulsating  sacs  of  COiated  Protozoa,  has  not  been  remarked  by  every 
observer,  nor  in  many  of  the  Rhizopoda ;  nevertheless  we  presume  it  to  be 
an  essential  organ,  and  its  existence  general  in  the  class.  In  Arcella  a  con- 
tractile vesicle  has  been  seen  by  many ;  in  Actimphrys  Sol,  Claparede  has 
satisfactorily  proved  it  a  true  sac,  having  a  resistant  membranous  waU,  and 
has  counted  as  many  as  ten  such  vesicles  in  Arcella  vulgaris  ;  Auerbach  treats 
of  the  vesicle  as  general  among  Amoebcea;  on  the  other  hand,  Schultze 
was  unable  to  discover  such  an  organ  among  the  many  Foraminifera  he 
examined. 

Nucleus. — Another  definite  body  is  mostly  discoverable  in  Ehizopods,  viz. 
a  nucleus  in  the  form  of  a  more  or  less  rounded  or  oval  body,  more  opaque 
than  the  rest  of  the  contents,  and  consequently  more  solid  in  appearance 
(XXII.  4,  5,  9,  16,  20).  In  Amoeba  and  Arcella,  Ehrenberg  and  Siebold 
admitted  the  existence  of  a  nucleus ;  Schneider  says  that  Amceba  diMuens 
and  A.  radiosa  possess  one,  that  a  round  reddish  nucleus  having  a  white 
nucleolus  is  present  in  Difflugia  at  its  hinder  end  (XXI.  19  a,  b,f\  and 
that  probably  all  the  Rhizopoda  have  such  an  organ.  Kolliker,  to  whose 
hypothesis  of  the  ceU-natiu-e  of  Ehizopods  the  recognition  of  a  nucleus  was 
of  much  importance,  remarks,  "with  respect  to  the  nucleus,  it  really  appears 
to  be  present  m  some  of  them  (see  Ehrenberg's  figures)  ;  and  where  it  is  waut- 
mg,  as  m  Actmophrys,  a  tnie  nucleus  may  have  existed  at  an  early  period 
and  be  absent  only  in  the  full-grown  animal,  or,  again,  it  may  be  ontii-ely 
wantmg,  and  still  the  ammal  be  regarded  as  a  ceU." 

leaST^?"'  r  5^.^„^°^tr'^^7,  denies  a  nucleus  to  the  naked  Rhizopoda,  at 
T  likewise  to  the  testaceous  species,  such  as 

Arcella  However,  he  admits  that  the  usual  opacity  of  the  shell  is  an 
obstacle  o  an  accurate  detemination  of  the  question,  and  remarks  con  em- 
mg  the  foregoing  supposition  of  KoUiker,  that  there  is  no  evidence  of  ?ts 
truth,  and  no  foundation  in  fact. 


Am^a^Z^n)Z"^^""fT  "^^'^^^^  ^'^^I'^^s  ^  nine  different  species  of 
Am<xba,  m  Difflugza  proteiformis,  D.  acuminata,  and  D.  Hellv  in  Arcella 

be  found     In  S.  S  J^'l  transparent  smaU  vesicles  may  always 

seen  She  rTli!"'^^'^''^^^  ^''^  ^^^''^l        ^^die^  « 

Tinpl«;  wnvl  .1'  \  J    I"        ^^'^  specimen  as  many  as  eighteen  of  these 

Tn  a  soll,^  W  '"^^^  ^™»"'«'  ««ly        nucleus  is  seen^ 

in  a  sohtaiy  instance  two  were  found. 
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In  Difflugia  proteiformis  usually  several  (8  to  12)  nuclei  are  perceptible,  as 
in  Ch-omia  oviformis,  in  the  posterior  portion  of  the  shell. 

The  nuclei  of  freshwater  Bhizopods  either  appear  to  be  homogeneous  deh- 
cate  elastic  globules,  here  and  there  finely  granular,  or  they  resemble  the 
nuclear  body  of  Gh'omia  oviformis,  and  consist  of  a  group  of  small  vesicles  or 
globules  enclosed  by  a  common  membrane  (XXI.  14). 

The  single  nucleus  of  young  beings,  Schultze  supposes  to  be  derived  from 
the  parent  animal ;  and  he  further  presumes  that,  in  the  course  of  age  and 
growth,  tHs  organ  is  capable  of  multiplying  itself,  and  may,  moreover,  serve 
as  a  centre  around  which  the  fine  granules  of  the  living  contents  aggregate, 
and  that,  after  the  formation  of  an  enclosing  membrane,  an  embryo  is  generated 
from  it.  On  the  other  hand,  tliis  careful  observer  was  not  able  to  discover  a 
nucleus  in  Foraminifera,  and  admits  that  the  above  suppositions  are  highly 

doubtful.  .   o,  ,  J    -J.!.     ^  • 

In  a  large  specimen  of  Gfromia  Dujardimi,  Schultze  met  with  certain  en- 
closed bodies,  having  a  fii'm  shell  and  granular  contents,  and  Mily  wanting 
a  mouth  to  complete  theii-  resemblance  to  the  parent  animal  (XXI.  18  a,  b). 
He  also  cites,  as  stiU  more  questionable  examples  of  a  nucleus  a  clear-  spot  m 
the  first  chamber  of  Botalia  veneta,  and  in  TextiUna  picta,a.&nelj-gran\ilaT, 
soHd,  aoid  nucleariform  body  in  each  of  the  two  last  ceUs  (XXI.  32) 

On  this  point,  the  presence  of  a  nucleus  in  Foraminifera,  we  have  the  state- 
ment of  Ehrenberg,  that  in  each  ceH,  except  the  last,  there  is  a  coarsely 
granular  yeUowish  brown  mass,  which  represents  an  ovary  m  structure  and 
frmction.  Unfortunately,  however,  the  Berlin  microscopist  stands  alone,  both 
in  this  observation  and  in  its  pendent  corollaiy.  Dr  Carpenter  u^es  the 
word  nucleus  to  signify  the  primordial  mass  of  sarcode  seen  in  the  farst 
ceU,  of  wHch  all  the  subsequent  chambers  and  their  contents  may  be  deemed 

^^ScSered  among  the  amorphous  granules  of  the  sarcode  are  for  the  most 
part  numerous  rffracting  corpuscles  of  less  size  than  vacuoles  which  ^^^^ 
soluble  in  ether,  and  therefore  concluded  to  be  fat-globules  (XXI.  14-16) 
There  are  also  other  molecules  dissolved  by  caustic  potash.  Itjs  these 
various  globules  and  granules  that  some  obsei-vers  have  esteemed  to  be  ova, 
without,  however,  any  countenance  from  facts  for  the  supposition 

To^lcur  to  the  naked  Ehizopoda,  Auerbach,  in  the  essay  leiore^M 
attributes  a  nucleus  to  the  AmcehcBa  in  general.    He  remarks  that  the 
soM-looking  organ,  of  a  dull  aspect  and  commonly  sphencal  figui-e,  noted 
by  certain  Withers  in  some  Amcebce,  is  rather  the  nucleo  us  than  the  nucle^ 
aJd  that  the  latter  is  perceptible  in  the  form 

having  a  ghstening  rosy  hue,  which  surrounds  the  other  hke  a  sjc  (XXII 
4  5  9  loTll).    This  sac  is  sometimes  visible  as  a  dark  areola,  but  at  others 
requires  the  operation  of  chemical  reagents  to  reveal  it  orwJl  mamfest  itself 
S Tad  speciiiens  when  all  the  ordinary  vacuoles  have  /iSf  PP?^^-^^- . 
Sues  both  it  and  its  nucleolus  have  a  dumb-beU  figure,  and  thereby  indicate 
th^  occurrence  of  the  process  of  self-division.    A  similar  nuclear  sac  is  men- 

toYts'ctiScS-relations,  Auerbach  found  that  both  nucleus  and  nudeolus 
were  readily  soluble  in  alkalies,  and  that  they  became  d^'ker  in  dilute  acetic  or 
Xhuric  add,  which  also  caused  the  precipitation  of  a  finely-granular  matter 
n  ^e  vesic^ar  or  saccular  nucleus.  In  concentrated  acids  ttiey  first  expanded 
wire  subsequently  dissolved.    The  generally-assigned  character  of  the 
liTs  r  thafit  becomes  darker  on  the  addition  of  acetic  acid,  is  true 

^tu±h'— ':Zlus  and  nucleolus  in  Arcella,  similar  to  those 
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of  Amcehce,  often  displayed  when,  by  a  fracture  of  the  sheU,  the  animal  con- 
tents escape.  The  nucleus  has  the  form  of  a  thick- walled  sac,  and  encloses  a 
large  nucleolus.  But  it  is  remarkable  that,  whilst  one  or  at  most  two  nuclei 
only  ai-e  discoverable  in  Amoebce,  several  such  organs  are  fi'equently  present 
in  ArceUoi,  theii-  number  being  in  dii'ect  proportion  with  the  magnitude  of  the 
animals.  In  large  specimens,  of  in  diameter,  above  40  such  nuclei  have 
been  encountered. 

Reproduction  of  Rhizopoda. — This  function  is  not  satisfactorily  made  out, 
especially  in  the  case  of  the  Foraminifera  ;  what  is  known  will  best  be  de- 
tailed of  each  family  separately. 

Among  the  Amcebina  self-division  has  been  noticed  by  Ehrenberg  to  occur 
in  the  Amceba  princeps ;  and  Dujardin  remarks  that  "  they  may  doubtless 
multiply  by  spontaneous  fission,  or  by  the  throwing  off  a  lobe  which  imme- 
diately commences  an  independent  existence."  This  separation  of  a  portion 
of  their  substance  is  not  unusual,  as,  when  a  large  variable  process  has  been 
shot  out  far  from  the  chief  mass  and  become  enlarged  at  the  extremity,  the 
expanded  end  retains  its  position,  whilst  the  portion  connecting  it  with  the 
body  becomes  finer  and  finer  by  being  withdi-awn  into  the  parent  mass,  until 
it  at  last  breaks  across,  leaving  a  detached  piece,  which  immediately  on  its 
own  account  shoots  out  processes,  and  manifests  an  independent  existence. 
This  phenomenon  is  therefore  one  of  simple  detachment,  and  cannot  rightly 
be  called  a  process  of  fission.  Schneider  terms  it  "  propagation  by  gemma- 
tion," and  supposes  it  attended  by  a  division  of  the  nucleus,  of  which  every 
such  offset,  in  his  opinion,  includes  a  portion.  This  same  obsei-ver  further 
states  that  Amoeba  has  actually  a  "  state  of  rest "  {i.  e.  an  encysted  condition). 
He  observed  it  first  to  become  roimd,  and  then  to  form  a  fii-m  membrane  on 
one  side,  whilst  the  other  portion  continued  its  peculiar  character  and  move- 
ments. By  degrees  the  membrane  extended  itself  over  the  whole  body,  the 
moveable  poi-tion  constantly  beeonung  smaller,  until  at  last  a  completely- 
closed  cyst  was  produced,  in  the  clear  interior  of  which  a  round  nucleus, 
with  a  reddish  halo,  exactly  Like  that  of  Pohjtoma  and  other  Monadina, 
might  be  distinctly  observed.  He  adds—"  In  the  nucleus  of  A')noeba  I  have 
often  noticed  on  the  outer  surface  of  the  reddish  halo,  granulations  which 
united  to  form  a  closed  membrane,  whilst  at  other  times  the  nucleus  exactly 
resembled  that  of  Pohjtoma "  (i.  e.  was  without  an  enclosing  membrane). 
What  IS  the  next  phase  of  development  foUowing  this  encysted  stage, 
Schneider  has  nothing  to  show. 

K  Lieberkuhn's  observation  be  correct,  a  most  extraordinaiy  relation  sub- 
sists between  Amcebce  and  Gregarince,  involving  the  existence  of  the  former 
as  a  distinct  cla^js  of  animated  beings.  This  observer  saw  the  production 
of  Amoebce  &om  Nccvtcellce,  the  origin  of  which  fi^om  G7'egarina^  is  as  good  as 
proved ;  and  aJ^o  met  with  such  Amcbm  in  every  transition  to  perfect  Gre- 
gannce     This  fact  is  aEuded  to  in  a  paper  by  KoUiker  (J.  M.  Six^  212) 

l^J'iT"  \"  t'^'^^^fT^^^'  ""^^"^"^  by  Henle,  and  termed  by 

Bruet  Murtci^  to  be  an  Inftisoriimi  aUied  to  OpalLa  Protein,  and  goes  oJ 

tfln7^Z^Zf'''Tt'''^^ extraordinaiy.  Auerbach  asserts 
InfusorT- Ztrf'i  Jr*^  ^  by  tbe  AmchL  along  mth  other 

Z^o^tL  of  o  «  "Pon  Schneider's  recorded  instance  as  an  erroneous 

conception  of  a  specimcn  clearly  enveloped  by  an  integument. 

A^bt^t^Z^^^^  ''T  ^^P^ble  of  multiplying  themselves  like  the 
^meftimi,  by  detaching  portions  of  their  substance,  i.  e.  by  a  species  of  gem- 
detect  it  descnbed  this  occurrence,  although  Elirenberg  failed  to 
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Eoprocluction  by  positive  complete  fission  is  opposed  by  the  existence  of 
the  shell,  which  is  a  product  from  the  surface  of  the  animals  adapted  to  theii- 
outline,  and  increasing  only  in  proportion  with  the  augmentation  of  the 
animal  substance. 

The  cohesion  of  two  or  even  more  ArcelUna  by  means  of  their  gelatinous 
substance,  and  often  with  the  near  approximation  of  the  orifices  or  mouths 
of  their  shells,  has  been  remarked  by  many  observers,  who  for  the  most  part 
have  pronoimced  it  a  sort  of  "  conjugation,"  a  true  reproductive  act.  Cohn 
has  indeed  designated  it  "  copulation,"  and  states  it  to  be  a  general  phe- 
nomenon among  Rhizopods.  He  affirms  that  he  has  many  times  seen  two 
Difflucjim  with  the  mouths  of  their  shells  so  firmly  connected,  that  strong 
shaking  of  the  water  about  them  failed  to  detach  them  ;  and  that  likewise 
one  shell  was  often  empty,  and  the  contents  of  the  two  aggregated  into  a 
globular  mass  in  the  other.  Leclerc,  the  first  describer  of  Diffliigice,  in  1815, 
noticed  a  like  cohesion  betweeai  two  individuals  of  Difflugia  Helix  ;  and  Cohn, 
moreover,  is  able  to  confirm  the  fact  represented  by  Perty  of  the  cohesion  of 
a  brown  and  of  a  pale  shell  together. 

Schneider  has  likewise  noticed  this  adhesion  of  two  animals,  and  thus 
speaks  of  it : — "  Tnie  double  animals  of  Difflugia  Enchelys  are  frequently 
m«t  with  (XXI.  19/),  two  bodies  with  membranous  cases  and  nuclei  being 
attached  to  a  common  foot.  The  foot  very  often  consists  only  of  a  thin 
thread,  but  in  other  cases  it  exhibits  aU  the  forms  which  have  been  described 
as  belonging  to  the  foot  of  the  simple  animal.  Both  bodies  are  well  filled 
with  food.  Three,  foiu',  or  five  bodies  are  frequently  seen  hanging  together 
iu  the  same  manner ;  these,  however,  are  by  no  means  in  the  same  plane, 
but  stand  out  fi'om  the  foot  ta  various  dii-ections.  If  these  animals  are  ob- 
tained in  considerable  numbers,  the  formation  of  these  colonies  by  gemmation 
may  easily  be  observed.  The  foot  is  seen  graduaUy  to  increase  m  size,  and 
acquire  an  oval  fonn.  A  new  investing  membrane  and  nucleus  are  then 
formed  The  offset  is  always  equal  to  the  parent-animal  in  size.  Like  the 
foot  of  a  single  animal,  the  common  foot  of  two  or  more  is,  as  might  be 
supposed,  still  in  a  condition  to  form  offsets."  This  adhesion  Sclmeider 
prefers  to  consider  an  act  of  gemmation  rather  than  of  copulation,  and  sup- 
poses its  occiuTence  among  other  Rhizopoda.  He  adds,  "  with  Perty  and 
Cohn  I  have  also  seen  a  pair  of  the  Arcella  vidgaiis  attached  to  one  another 
bv  their  openings,  of  which  one  (as  was  obsei-ved  by  those  naturalists)  was 
provided  with  a  white,  the  other  Avith  a  yellow  shell.  The  white  sheU  is 
probably  newly  formed,  and  therefore  indicates  the  young  specunen  produced 
by  gemmation  from  its  companion." 

An  aggregation  of  the  animal  contents  of  a  Monothalamous  sheU,  such  as 
Cohn  noticed  in  one  of  the  two  coherent  Diffliigice  and  attnbuted  to  an  act 
of  coniugation,  Schultze  has  seen  ia  Rhizopods,  quite  mdependently  oi  that 
phenomenon.  In  Lagynis  Baltica,  he  states  he  has  frequently  seen  the  con- 
tents coUected  into  a  ball,  having  a  clear  speck  in  the  centi-e,  and  situated  at 
the  posteiior  end  of  the  sheU,  mthout  trace  of  extended  fibres ;  and  he  adds 
"  the  origin  of  this  globular  mass  may  be  foUowed  in  a  great  number  ot 
individuals.  The  posterior  portion  of  the  transparent  body  of  the  actively- 
moving  animal  graduaUy  becomes  darker,  owing  to  the  advancmg  develop- 
ment of  numerous  molecular  and  strongly  refracting  particles  In  the  midst 
of  this  dark  portion  a  clearer  spot  is  always  visible,  although  it  cannot  be 
isolated  or  more  intimately  examined.  By  degrees  the  dark  portion  en- 
cSmcSes  upon  the  entire  substance  of  the  body,  and  at  last  fiUs  up  the  whole 
S  Srior  Portion  of  the  sheU,  the  body  of  the  animal  thus  seeming  to  shnvel 
up  Z  the  ball-like  mass  described."    This  process,  observed  in  numerous 
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individuals  in  different  stages,  Schultze  never  saw  accompanied  by  a  con- 
nexion between  two  animals ;  and  he  was  not  able  to  discover  what  subsequent 
changes  aAvaited  the  spherical  body  produced. 

The  phenomenon  just  considered  appears  to  us  to  be  analogous  to  the 
encysting  process  recounted  by  Schneider  in  the  case  of  Amoeba,  and  by 
Stein  in  so  many  Ciliated  Protozoa. 

Two  other  probable  modes  of  reproduction  are  briefly  noticed  by  Schneider, 
but  requii-e  to  have  their  existence  confirmed  by  fiu'ther  observations.  "  I 
have  observed,"  he  says,  "  another  mode  of  propagation  in  our  Difflugice ; 
and  although  my  obsei-vations  have  certainly  not  been  frequent,  they  have 
been  sufficiently  satisfactory.  After  I  had  kept  a  great  number  of  these 
creatm-es  for  some  weeks  in  a  clayey  sediment,  the  substance  of  the  body 
in  all  the  individuals  contracted  into  a  baU.  All  foreign  substances  had 
previously  disappeared.  The  ball,  which  had  a  fatty  outUne,  then  divided 
into  two  and  four  parts ;  but  the  nucleus  could  not  be  traced  during  this  pro- 
cess (XXI.  19  d,  e).  This  investing  membrane  fell  to  pieces,  and  the  Httie 
spheres  which  may  perhaps  be  regarded  as  foiu'  quiescent  spores,  were  no 
more  to  be  seen. 

"  Whether  another  circumstance  observed  by  me  has  any  connexion  with 
the  reproduction  of  Difflugia  must  be  ascertained  hereafter.  In  all  the 
individuals  of  Difflugia  contained  in  one  vessel,  the  substance  of  the  body 
became  converted  into  granules  closely  packed  together,  the  form  and  the 
investing  membrane  being  retained  (XXI.  19  c).  I  often  saw  these  granules 
in  quick  molecular  movement  in  the  interior  of  a  sac,  which  appeared  to  be 
formed  from  the  outermost  layer  of  the  body,  but  I  watched  in  vain  for  any 
issue  to  this ;  after  moving  about  for  about  half  an  hour,  the  granules  always 
became  quiescent  again." 

A  note  by  Perty  must  not  be  omitted,  although  no  considerable  importance 
can  be  assigned  to  a  solitary  and  ambiguous  observation.  That  naturahst 
tells  us  he  "  once  saw  two  round  motionless  animals  within  an  Arcella  vul- 
garis, each  having  a  much  greater  diameter  than  the  mouth  of  the  shell  con- 
taiaitig  them.  Were  these,"  he  asks,  "  young  beings  to  be  set  free  on  the  death 
of  the  parent  and  the  breaking  up  of  the  sheU  ?  "  A  somewhat  similar-  fact 
is  recounted  by  Schultze  of  Gh-omia  Dujardinii,  in  one  large  specimen  of 
which  he  found  several  oval  bodies  enclosed  possessing  a  firm  envelope  and 
granular  contents,  and  representitig  in  every  respect  young  Qromia,  except 
in  having  no  evident  opening  in  their  shell,  which,  however,  may  possibly  be 
formed  when  set  free  from  the  parent  (XXI.  18). 

That  the  purpose  of  the  nuclear  bodies  in  Gh-omia  oviformis  (see  p.  211 )  is 
not  connected  with  the  function,  Schultze  feels  compelled  to  assume,  princi- 
pally froui  the  absence  of  such  nuclei  in  Ehizopoda  generally,  and  from  his 
having  failed  to  observe  their  undergoing  those  changes  known  to  occur  in 
true  nuclei  when  the  generation  of  new  individuals  is  in  progress. 

Yoimg  Arcellina,  when  first  recognizable  as  such,  have  the  general  form  of 
older  mdividuds  ;  but  their  sheUs  and  tissues  are  much  more  transparent,  and 
at  first  coloui-less  and  without  granules.  But  it  is  very  probable  that  the 
yoimg  of  Ttmxj  Arcellina,  when  fii-st  thro^vn  off  from  the  parent,  are  naked- 
destitute  of  shell,— a  view  supported  by  an  observation  of  Cohn,  who  records 
having  seen,  amid  the  sUmy  matter  about  Hving  Difflugia;,  a  large  number  of 
pecuhar  animalcules  consisting  of  a  contractile  greyish  or  brown  finely- 
granular  substance,  about  ^th  of  a  line  in  diameter  and  upwards,  of  a  round, 
ovoid,  or  angular  outlme,  and  having  a  muco-gelatinous  envelope,  through,  but 
chielly  at  one  end  of  which  several  fibres  were  extended.  At  a  stUl  earlier 
period  these  yoimg  beings  may  therefore  be  presumed  to  lun-e  been  mere 
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sarcode-like  particles  or  minute  Amcebce.  If  this  bo  so,  some  ground  may  be 
said  to  exist  for  tbe  hypothesis  of  certaia  naturalists,  who  esteem  the  Arcellhui, 
and  even  the  Foraminifera,  to  be  a  more  advanced  stage  of  existence  of  the 
simple  naked  Amoebina. 

Schneider  hints  at  the  possibility  of  a  still  greater  transformation  in  the 
case  of  his  Difflugia  Enchelys.  He  writes—"  A  Ehizopod  occurred  va.  com- 
pany with  Polytoma  (see  p.  136),  the  description  of  which  will  show  how  very 
readily  it  might  be  supposed  to  be  produced  by  a  metamorphosis  of  the  latter 
animal.  Unfortunately  I  cannot  confirm  this  supposition,  and  must  confine 
myself  to  recording  the  fact." 

Foraminifera. — It  is  very  questionable  whether  the  Many-chambered  Ehi- 
zopods  can  reproduce  themselves  by  ofi'shoots  after  the  manner  of  Amoeiina, 
and  Monothalamia ;  and,  iu  short,  nothing  certain  is  known  as  yet  of  the 
modes  of  propagation  of  this  family. 

A  group  of  figures  occurs  in  Schultze's  illustrations  of  Polystomella  (XXI. 
39)  which  bear  on  this  poiat  of  the  possible  production  of  new  beings  by  de- 
tachment of  sarcode  matter.  The  description  of  the  figures  informs  us  that 
some  of  the  sarcode-globules,  separated  from  the  chief  mass  by  pressure,  have 
the  tendency  and  power  to  throw  out  from  themselves  contractile  variable 
processes.  They  exhibit  a  finely-granular  delicate  semifluid  tissue,  contain- 
ing many  flat  globules  and  large  coloured  vesicles.  Other  portions,  pressed 
from  the  general  mass,  are  almost  exclusively  composed  of  colouring-particles, 
derived  from  the  iam(5st  part  of  the  shell ;  such  become  entirely  free,  or 
otherwise  continue  attached  by  a  sort  of  pedicle. 

In  the  following  examination  into  the  modes  of  development  of  Polythalmma 
we  are  greatly  indebted  to  Schultze's  valuable  monogi-aph.  Dujardin  men- 
tions seeing  in  some  TrvMcatulince  the  grouping  of  the  contents  of  the  cham- 
bers into  spherical  masses,  comparable  to  the  green  bodies  in  Zygnema. 
Schultze,  moreover,  encountered,  in  a  deposit  of  living  Foraminifera,  along 
with  numerous  empty  sheUs  of  Botalidm,  several  whoHy  or  pai'tly  fiUed  with 
black  globules,  the  appearance  of  which  suggested  their  connexion  with  the 
reproductive  process.  Kepeated  observation  showed  that  these  globules 
differed  in  size,  but  mostly  had  the  diameter  of  the  siphon  intervening  be- 
tween the  several  chambers,  or  of  that  of  the  opening  of  the  last  ceU.  They 
occupied  either  every  segment  of  the  sheH,  when  those  of  the  innermost  were 
smaUer  than  those  of  the  outer  compartments,  or  otherwise  they  occurred  m 
only  one  or  two  of  the  ultimate  chambers.  Every  intennediate  condition 
was  met  with  between  these  two  extremes.  The  globules  were  composed  of 
a  coUection  of  dark  molecular  corpuscles  not  enclosed  by  a  membrane,  but 
proved  by  pressure  to  be  an  aggregation,  held  together  by  some  sort  ot 
deHcate  tissue.  They  were  unacted  on  by  sulphimc,  nitnc,  and  by  hydro- 
chloric acid,  and  by  boiling  alkalies.  ^,1.1  f 

The  ordinary  animal  substance  coexisted  in  some  of  the  chambers  ot  an 
animal  when  others  were  occupied  by  these  black  balls ;  but  in  such  mstances 
no  outstretched  fibres  were  seen.  These  stiaictiu-es  must  be  derived  either 
from  Avithout  as  foreign  matters,  or  otherwise  be  the  result  of  a  metamorphosis 
of  the  sarcode  matter.  The  former  supposition  is  discountenanced  by  theu- 
annearance,  by  their  resistance  to  reagents,  and  their  presence  even  m  the 
inmost  chambers.  On  the  latter  supposition  they  are  either  the  resiilt  of 
decomposition  of  the  substance,  or  they  are  physiological  products,  probably  ot 
the  transfomation  of  the  entire  body  into  germinal  masses.  The  former  ongm 
^«  onnosed  by  the  direct  observation  that  such  bodies  have  never  been  en- 
rountered  among  Foraminifera  in  course  of  brealdng  up  or  of  decomposition 
Is  to  the Tcond  mode  of  origin,  they  bear  an  analogy  to  the  germmal 
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elements  of  Ch-egarince,  viz.  to  the  Navicellce  developed  from  the  contents 
of  those  animals,  and  to  the  brood  of  germs  developed  out  of  the  contents  of 
an  encysted  Vorticella :  and  it  may  so  happen  with  the  Foraminifera,  that 
theu-  entire  substance  is  resolved  into  germs  ;  indeed,  a  progressive  formation 
of  such  germs  is  intimated  by  the  circumstance  of  the  ultimate  chamber  being 
the  last  to  become  completely  emptied. 

Although,  therefore,  the  figure  and  size,  the  peculiar  and  successive  empty- 
ing and  distribution,  the  evident  periodical  appearance  in  the  spring,  and  the 
analogy  of  other  Protozoa  speak  for  the  hypothesis  of  these  globules  being 
reproductive  germs,  it  must,  on  the  other  hand,  not  be  concealed  that  their 
peculiar  composition  out  of  granules  imperfectly  bound  together  and  enclosed 
by  a  membrane,  and  their  remarkable  resistance  to  the  strongest  acids  and 
alkalies,  are  facts  opposed  to  this  supposition.  Hoping  to  elucidate  their 
purpose,  Schultze,  in  some  few  cases,  isolated  those  shells  filled  with  these 
black  baUs,  but,  after  keeping  them  several  weeks,  could  discover  no  change 
in  them. 

Ehrenberg  surmised  that  the  Polythalamia  propagated  by  ova,  and  thought 
he  perceived  in  them  a  sexual  apparatus.  On  the  surface  of  the  shells  of 
some  samples  of  Geoponus  (Polystomella)  and  Nonionina,  from  Cuxhaven  and 
Christiania,  he  discovered  stalked,  yeUow,  membranous  sacs,  which  he  repre- 
sented to  be  ova-sacs.  When  first  thrown  out  they  were  soft  and  small,  but 
soon  swelled  up  and  hardened  in  the  water.  Schultze  also  met  with  many 
specimens  of  Geoponus,  at  Cuxhaven,  having  Oothurnice  aflixed  to  their  shells, 
and  of  a  yeUow  colour,  which  he  believes  Ehrenberg  mistook  for  ova-cases. 

Being  so  imsuccessful  by  direct  observation  in  his  attempts  to  detect  the 
method  of  reproduction  among  Foraminifera,  Schultze  endeavoured  by  an  ex- 
amination of  these  beings  in  their  earliest  recognized  form  to  gather  some 
knowledge  of  it.  The  smallest  and  youngest  beings  he  met  with  belonged  to 
the  families  Eotalidce  and  Miliolidce.  Those  of  the  latter  family  have  a  non- 
porous  shell,  and  a  spherical  figure  exhibiting  the  commencement  of  the  spii-al 
winding  which  eventually  extends  to  several  turns  (XXI.  20  a,  6).  The  sheU- 
contents  are  quite  colourless,  and  present  few  granules.  As  the  spiral  winding 
advances,  the  contents  of  the  first-formed  orbicular  cell  acquire  a  darker  colour 
from  the  appearance  of  fat-drops  and  sharply-defined  proteine  corpuscles ;  and 
the  shell  simultaneously  assumes  the  characteristic  yellow  colour.  The  difier- 
ence  in  size  of  the  primary  ceU  in  different  species  is  remarkable.  StiU  younger 
forms  of  Rotalid(B  occurred  to  him,  0-01  of  a  line  in  diameter,  spherical,  and 
coloui'less  with  a  dehcate  glass-Hlie  calcareous  sheU,  through  the  fine  open- 
ings of  which  fibres  protruded.  Others  also,  entirely  colomiess,  had  a  second 
chamber  superposed  on  the  fii-st,  or  even  thi-ee  o^  foui' ;  but  in  the  latter 
instances  the  characteristic  yellow  hue  made  its  appearance,  and  rapidly  in- 
creased on  further  growth  (XXI.  31).  A  stiikiig  variety  was  moreover 
remarked  m  the  size  of  the  first  chamber,  even  ifi  the  samrs^edes  the 
dunensions  of  the  second  and  thii-d  ceUs  ^ere  determined  bj  those  of  he 
first.  This  great  variation  m  size  considerably  lessons  the  possibility  of  the 
certain  specific  determination  of  young  specimens  pi^ssiumty  oi  tnc 

baUvS^SlTtW  pf  ?  '1  ^'^'T^  ^  ^^"^^^^  '^^d  Botalidce,  and  pro- 
Wo?a1iwlf  ^  ^^^^^  ^^'^''^  appearance  of  the  animal  is  in  the 
twl  PoW  ^^^'^^^^       ^  ^^li^ate  calcareous  wall,- 

&rformT  o  f  f Ji^'^ogeneous,  sparingly-granular  ^m..6«.-body.  ITiis 
XrofitT^r^^^^  P-^-^^  itself  fr/m  those 

T)?V^Z^^^T\  S  successive  chambers  are  formed,  we  learn  from 

Dr.  Cai-pcnter  that  the  addition  of  new  zones  (in  the  PolythaLma)  probably 
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takes  place  by  the  extrusion  of  the  sarcode  through  the  marginal  pores,  so 
as  to  form  a  complete  annulus,  thickened  at  intervals  into  segments,  and  nar- 
rowed between  these  into  connecting  stolons,  the  shell  being  probably  pro- 
duced by  the  calcification  of  their  outer  portions. 

Since  the  above  account  was  written,  Schultze  has  produced  a  supple- 
mentary sheet  detailing  further  observations  on  the  development  of  Forami- 
niffera  (Bericht  der  Naturforschenden  OesellscJiaft  in  Halle,  11th  August, 

1855).  .      .  X 

Having  met  with  some  large  specimens  of  Triloculina  I'"  m  diameter  and 
without  a  tooth  in  the  oral  aperture,  he  kept  them  for  a  length  of  time  under 
observation.  Those  which  remained  adherent  to  the  sides  of  the  glass  vessel  for 
eight  to  fourteen  days  mostly  became  iavested  with  a  brownish  slimy  matter, 
which  more  or  less  completely  obscured  the  view  of  the  external  characters  of  the 
shell.  After  some  more  days  had  elapsed,  the  lens  brought  into  view  a  num- 
ber of  smaU,round,sharply-defined  corpuscles,  which  loosened  themselves  from 
the  soft  enveloping  mass,  and  gradually  diverged  fi-om  one  another  until  some 
forty  were  visible.  On  removing  these,  aad  placing  them  under  the  imcroscope, 
they  proved  to  be  young  Miliolidce,  with  their  process  outstretched.  Inter- 
naUy,  neither  vacuoles,  cells,  nor  contractile  vesicle,  nor  a  nucleus  could  be 

detected.  .^    n  i 

The  brief  abstract  of  Dr.  Caii^enter's  elaborate  essay  (read  before  the  Koyal 
Society,  1855)  fuimishes  us  also  with  the  foUowing  memorandum  of  his  views 
regarding  the  reproduction  of  Forammifera,  with  especial  reference  to  Orhi- 
tolites     "  He  is  only  able  to  suggest  that  certain  minute  spherical  masses  of 
sarcode  with  which  some  of  the  cells  are  filled  may  be  gemmules,  and  that 
other  bodies  enclosed  in  firm  envelopes  wHch  he  has  more  rarely  met  with,  but 
which  seem  to  break  their  way  out  of  the  superficial  ceUs,  may  be  ova."_  Mr. 
Jeffrey's  views  (Proceedings  of  Boyal  Society,  1855)  do  not  qmte  coincide. 
Dr  Carpenter's  "  idea  of  theii'  reproduction  by  gemmation,"  he  says,  "  is  also 
probably  correct,  although  I  cannot  agree  with  him  in  considering  the  granules 
which  are  occasionaUy  found  in  the  ceUs  as  ova.    These  bodies  I  have  fre- 
quently noticed,  especiaHy  in  the  Lagenm ;  but  they  appeai'ed  to  constitute  the 
entii-e  mass,  and  not  merely  a  part,  of  the  aninial.    I  am  inchned  to  thmk 
they  are  only  desiccated  portions  of  the  animal  separated  from  each  other  m 
consequence  of  the  absence  of  any  muscular  or  nervous  structure.    It  may 
also  be  questionable  if  the  term  'ova'  is  rightly  apphcable  to  any  animd 
wHch  has  no  distinct  organs  of  any  kind.  Possibly  the  fry  may  pass  through 
a  metamorphosis,  as  in  the  case  of  the  ilfecZtfsce."  _ 

Of  the  m&njAmoelce  seen  in  company  with  Foramimfera  A  porreeta 
is  particidarly  remarkable,  and  might  easily  pass  for  one  of  the  latter  when 
young  and  destitute  of  its  shell ;  for  its  processes  resemble  those  oi  Mihohdcv 
and  BotalidcB  in  delicacy  and  extensibility  and  in  the  ciUTent  of  granules 
which  passes  through  them.  This  cii'cumstance  suggests  the  possible  deriva- 
tion of  testaceous  Rhizopoda  fr-om  the  naked  forms  ;  and  if  we  recaU  to  mmd  the 
black  globules  sui-mised  to  be  genns,  theii-  primary  transformation  into  AwiflJ^cE 
is  imaginable,  and  the  whole  cycle  of  development  of  Foramimfera  he^om^^ 
thereupon  expHcable.  '<  However,  I  must,"  says  Schultze,  "  confess  that  thi 
rhange  of  the  black  spheres  into  Amceha^  is  a  fui-ther  argument  against  theu 
naSre  as  germs,  since  between  these  gxanulai-  bodies,  so  unaffected  by  che- 
mical agents,  and  Kmcelm  no  intermediate  Unk  is  discoverable. 

Oi  T^  Shells  of  Testaceous  KnizoronA.  a.  Shells  of  Monothalamia.- 
ThP  faranv  ArcelVma  (Ehr.)  corresponds  in  most  pomts  mth  the  section  Mono- 
rhe  ^^'^f^Jl'r'  ^  The  Berhn  Professor, however, believed  that  lus  family 
ItSranSfS^^^^  belonged  to  entirely  different  classes  of  am- 
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mals,  because,  as  he  supposed,  the  Polythalamia  are  aggregated  animals  -with 
calcai-eous  shells,  and  the  Arcellina  solitary  animals  with  a  sUicious  testa. 
Subsequent  researches  prove,  on  the  contrary,  that  aU  these  differential  cha- 
racters are  wanting.  Each  foraminiferous  shell  contains  a  solitary  inmate ; 
and  although,  as  a  nile,  of  a  calcareous  composition,  yet  a  genus,  Polymor- 
phina,  is  pointed  out  by  Schultze,  which,  as  iu  the  instance  of  Diffiugia,  has 
its  testa  made  up  of  coherent  silicious  particles  (XXI.  38).  Besides  all  this, 
the  shells  of  Arcellina  are  not  silicious,  but  of  a  chitinous  natui'e,  and  the 
basement  membrane  in  Avhich  the  earthy  matter  is  deposited  in  Foraminifera 
is  the  same.  These  cu'cumstances,  together  with  the  homology  in  the  animal 
contents  both  of  Monothalamia  and  of  Polythalamia,  the  absence  of  the  hypo- 
thetical polygastric  organization  in  the  former,  and  of  the  imaginary  internal 
stractures  iu  the  latter,  render  Ehrenberg's  distinction  of  the  two  families  as 
separate  classes  untenable. 

The  Arcellina  of  Ehrenberg,  and  the  Monothalamia  of  Schultze,  do  not  en- 
tirely accord  iu  respect  to  the  genera  grouped  under  them.  Ehi-enberg  in- 
cluded iu  his  family  the  genera  Difflugia,  Arcella,  Cyphidium,  and  Spirillina. 
The  last-named  genus  departed  much  from  the  others  by  having  a  marine 
habitat  and  a  convoluted,  spiral,  porous  shell, — its  only  real  relationship,  it 
would  seem,  being  comprehended  in  the  one  assigned  feature,  its  silicious 
lorica.  On  the  other  hand,  Schultze  (see  tabular  view  of  his  system,  p.  241), 
by  not  employing  the  chemical  constitution  of  the  shells  as  a  distinctive  cha- 
racter, includes  among  his  Monothalamia  calcareous,  membranous  (chitinous), 
and  such  silicious  shells  as  are  exemplified  by  Difflugia.  The  essential  cha- 
racter employed  is  that  of  the  unilocular  chamber ;  for  the  other  nearly  general 
featiu-e,  viz.  the  presence  of  one  considerable  orifice,  is  departed  from  in  the 
instance  of  the  porous  shell  of  Orbulina. 

The  shells  of  Monothalamia  are  of  a  more  or  less  spherical  figure ;  some- 
times they  are  ovoid  (XXI.  11, 12, 16)  or  pyrifonn  (17),  at  others  compressed 
m  one  or  other  direction  (XXI.  8),  and  even  at  times  in  opposite  directions,  so 
that  ^  everal  faces  are  produced.  Thus  in  the  genus  Difflugia  the  spherical  out- 
line prevails  (XXI.  10)  :  the  shells  are  globose,  or  subglobose,  or  elongated  in 
a  pear-shape  (XXI.  17),  or  in  a  club-Hke  (clavate)  manner  ;  in  Ar-cella  they 
are  frequently  compressed,  and  assume  a  more  or  less  discoid  figure,  mostly 
convex  above  and  flat  beneath  (7,  8,  9).  In  Gromia,  again,  the  ovoid  or  glo- 
bular shape  is  diversified  by  the  elongation  of  the  portion  about  the  mouth 
of  the  sheU  mto  a  sort  of  neck  (16).  In  Lagijnis  (Schultze)  this  tapering  of 
the  oral  end  developes  a  retort-shaped  sheU.  In  Squamulina  (Schultze)  again 
the  testa  resembles  a  plano-convex  lens.  An  exceptional  form  is  described 
by  Ehrenberg,  imder  the  name  of  Arcella  clisphmra,  as  oblong,  almost  divided 
mto  two  oy  a  central  constriction.  The  first  impression  would  be  that  the 
supposed  species  was  no  other  than  two  animals  coherent  by  the  mouth  of  the 
SheU;  that  such,  however,  is  not  the  case  is  indicated  by  the  next  clause  of 
the  descnption-that  one  segment  is  nearly  occupied  by  the  large  foramen. 

;^°\Y'9?97?    V  ^  SheU  is  afforded  hj  Cvphicli^m^ 

(XXII.  24-27),  which  Ehrenberg  states  to  be  cubical,  with  lai-ge  protuber- 
ances, givmg  It  m  some  positions  a  four-sided  or  an  iri'egxilar  figure  aSSi 
we  S'JT  T^^T  ^^^f '""^  Cornnspira  (Sehultz^e)  (XX^.T)', 
cor,sk?;r?r  f  equUateral  shells,  Uke  those  Planorhis. 

Jnd  owSr     1  °^  "'"I  "^'"'^^^^  ^^ith  ^  ^^'Sroo  of  floxibiUty 

nvnnpS«^  ^^^''^^  are  composed  of  a  dense  membrane  proved  by  its  chemical 
pioperties  to  be  of  a  chitmous  natm-e.  This  shell  not  only  resists  the  action 
ofbo  hngsolutions  of  the  caustic  alkalies  and  of  vinegar,  but  also  concen- 
tiatcd  nitnc  and  chlonc  acids,  and  a  mLxture  of  the  two,  also  chromic  acid 
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in  the  solution  of  which  chitino  itself  is  dissolved.  Further  the  shell  is  dis- 
solved in  sulphui-ic  acid,  and,  unlike  celltdose,  is  not  coloured  blue  by  this  acid. 
Such  are  the  chemical  relations  of  the  testa  of  Oromia  according  to  Schultze ; 
and  such  we  may  presume  with  him  are  those  of  the  freshwater  genera 
Arcella,  EuglypJia,  and  Tnnema. 

The  shells  of  Diffiugia  are  peculiar  by  being  composed  m  many  species  of 
a  softer  substance,  to  which  various  foreign  particles,  shells  otDiatomece,  grains 
of  sand  and  the  like,  adhere  and  thereby  furnish  an  accidental  or  supple- 
mentary shield  to  the  animals  (XXI.  17).  The  substance  on  which  those 
accidental  matters  are  affixed  we  may  presume  to  be  chitinous,  but  not  con- 
densed or  hardened  as  in  the  true  testaceous  forms.  Schultze  is  disposed  to 
think  that,  besides  merely  agglutinated  silicious  particles  accidentally,  as  it 
were,  appropriated,  the  investing  tunic  has  actually  the  power  of  secreting 
siHcious  molecules,  represented  by  the  smaUest  and  most  intimately  adherent 
granules  of  the  testa.  He  would  also  extend  this  hypothesis  to  the  sihcious 
polythalamons  shells,  iUusti-ated  by  Polymorphina  silicea  (XXI.  38)  and 
another  newly- discovered  species.  „,.,,.         •  in 

Cohn  apparently  saw  young  Difflugice  in  the  act  of  building  theii-  shells. 
These  young  beings  consisted  of  a  mass  of  sarcode  sui-rounded  by  a  muco- 
gelatinous  envelope,  through  wHch  fibres  were  protruded  in  different  direc- 
tions These  processes,  by  retraction,  brought  to  the  surface  of  the  animal 
various  foreig-n  particles,  which  had  become  affixed  to  them,  and  were  then 
imbedded  in  the  mucous  involucre.  At  lengih  aU  other  pseudopodes,_  save 
those  from  one  extremity,  were  permanently  withdrawn,  and  the  exterior  of 
the  animal  was  clothed  with  a  layer  of  siHcious  particles,  grains  of  sand,  shells 
of  Gyclotella,  and  of  other  DiatoniecB,  many  of  them  of  a  blackish  or  brown 

^^^D^'BaLley  indicates  an  exceptional  tunic  in  a  EHzopod,  having  much  of  an 
Am€eba-]ike  character,  which  he  names  Pamphagus.    It  would  seem  to  be 
enveloped  by  an  integument,  which,  although  resistant,  admits  of  an  immense 
modification  of  figure,  both  from  external  and  internal  pressure,  and  offers  no 
impediment  to  the  animal  transfixing  itself,  just  as  if  it  were  a  compMy 
homogeneous  jelly.    " These  creatui-es,"  says  their  discoverer  "connect  the 
.enusAmceha\nth  Diffiugia,  agreeing  with  the  fii'st  in  the  soft  body  without 
sheU,  but  differing  in  having  true  feelers  or  rhizopods  confined  to  the  intenoi 
part  of  the  body  "    Just  as  in  Diffiugia,  they  are  hmited  to  the  region  of 
the  mouth.    From  this  last-named  genus,  "  and  from  the  whole  family  of 
Arcellina,  these  forms  are  distinguishable  by  having  no  loiica  or  sheU.  A 
very  similar  timicated  amcebiform  animal  is  descnbed  by  Dujardin  imder  the 
name  Goryda  {A.  S.  K  1852),  which,  although  clothed  by  a  membranous 
erelope,  can  be  twisted  and  folded  in  eveiy  direction  by  the  movements  and 
contractions  of  the  animal,  and  permits  the  extiwon  of  W0^<^^^1^  f^^y 
part  of  its  surface.    In  this  respect  it  differs  fi-om  the  Pamphagris  of  Bailey 
and  certainly  exemplifies  a  pecuhai-  phenomenon,  which,  in  the  case  of  the 
?;^ual  variable  processes  with  circulating  contents,  would  not  be  conceivable 
S  become  so  upon  the  explanation  of  Dujardin,  that  they  do  not  contraQt 
ofadhesSn  to  the  surface  on  which  the  animal  moves  nor  ghde  along  it  in 
Se  ordSary  manner,  but  remain  free,  and,  as  we  are  told,  seem  only  to  serve 
to  ctanTSe  centre  of  gravity  of  the  animal.   «  It  must,  herefore,^  says  its 
lesS'  "  form  a  new  genus  of  AmMna,"  intermediate  between  the  naked 
JSl  and  the  ArcdUm;  and  in  anotiier  direction  mdicating  an  alhance 

''^^^^t'ih.^o  peculiar  beings,  it  is  worth  while  to  bear  in  mind 
the  actunVgiven  by  Cohn  of  the  development  of  young  D^ffiugra.  and  the 
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progressive  formation  of  the  shell.  To  recall  the  particular  points  of  interest, 
in  the  piimaiy  stage  the  Diffiugia  was  seen  covered  by  an  integument,  but 
having  processes  extruded  from  various  parts  of  its  surface,  so  far  resembling 
the  Corycia  of  Dujardin, — whilst  in  a  later  stage  all  processes  were  withdrawn, 
except  those  at  the  one  end  where  the  single  large  orifice  or  mouth  is  placed, 
and  thus  came  to  resemble  the  Pampliagus  of  Bailey. 

Calcai-eous-sheUed  Monotlialamia  are  represented  by  the  genera  Squamu- 
lina,  OrhuUna,  and  Cornuspira.  Such  sheUs  are  brittle,  and  in  all  essential 
featiu-es  resemble  those  of  the  next-considered  family,  the  Foraminifera. 

The  sheUs  of  Monothalamia  are  generally  coloured.  When  seen,  as  they 
often  may  be,  empty,  they  have  an  orange-yeUow,  a  brown,  or  brownish-black 
tint.  This  colour  is  acquired  by  age ;  the  younger  the  being  the  less  is  it, 
cceteris  paribus,  coloured.  In  the  youngest,  as  before  noticed,  the  whole  sub- 
stance and  its  commenciag  envelope  are  quite  colourless.  Most  shells  are 
also  translucent  or  diaphanous  when  empty ;  but  in  others  the  colour  is  so 
deep,  that,  when  filled,  scarcely  anything  of  the  contained  substance  is  dis- 
cernible through  them.  The  testae  of  Difflugice  are  mostly  opaque.  The  sur- 
face of  the  shells  is  subject  to  numerous  modifications.  Occasionally  it  is 
uniformly  smooth ;  but  many,  which  so  seem  when  occupied  by  the  animal,  are 
found  when  empty  to  be  really  finely  sculptured  (XXI.  11-15). 

Arcella  hyalina  is  represented  by  Ehrenberg  to  have  a  smooth  and  colour- 
less testa ;  A.  vulgaris  and  A.  dentata,  one  superficially  divided  into  facettes ; 
A.  amleata,  A.  spinosa,  and  A.  cavdicola,  a  delicately  hispid  sheU.  Where 
the  iatersecting  lines  or  ridges  are  not  sufficiently  developed  to  produce  fa- 
cettes, they  give  rise  to  areolae  and  an  areolated  or  reticulated  sui-face.  The 
surface  is  beset  with  roimded  tubercles  or  eminences  in  Euglypha  tuherculata, 
and  by  spirally-disposed  polygonal  depressions  (alveola)  in  Euglypha  alveo- 
lata  (XXI.  11).  In  Difflugia  acanthophora  (Ehr.)  (XII.  64),  the  surface 
looks  as  if  covered  by  scales  laid  on  in  an  imbricated  manner  and  in  a  spii-al 
direction.  The  same  species  and  Euglypha  alveolata  (XXI.  11)  afford  instances 
of  testae  armed  with  large  and  strong  spines.  This  same  Difflugia  presents 
Ukewise  an  example  of  the  mouth  of  the  shell  being  strongly  serrated.  Several 
Arcellina  have  small  depressions  or  pits  on  their  surface,  which  at  first  sight 
resemble  pores,  e.  g.  Arcella  OJcenii ;  and  both  this  species  and  A.  vulgaris, 
accordiag  to  Perty,  present  very  numerous  striae  diverging  from  the  centre  of 
the  closed  end,  and  concentric  circles,  the  outermost  of  which  in  Arcella  OJcenii 
are  dentated,  and  follow  the  stellate  expansions  of  the  shell  (XXI.  15). 

Among  Difflugiai  the  shell  is  more  often  rough  from  the  adhesion  of  parti- 
cles of  sand  and  of  other  exti-aneous  substances  (e.  g.  in  B.  proteiformis,  D. 
gigantea,  D.  acuminata),  but  in  others  consists  of  a  smooth  membrane,  as  in 
D.  Enchelys,  D.  oblonga,  and  D.  glohulosa.  Moreover,  Ehrenberg  enumerated 
D.  ciliata,  D.  acanthophora,  and  other  species  as  having  an  areolated  surface, 
Z>.  ampulla  as  punctated,  D.  clryas  and  Z>.  reticulata  as  ceUular,  D.  Bructerii 
as  rugose,  and  D.  stnolata  as  striated.  He  fiu-ther  states  that  D.  ciliata  has 
a  bnstle  or  cirrus  m  the  centre  of  each  posterior  areola. 

Where  spines  or  other  elevations  of  the  surface— or,  in  fact,  markings  in 
general,  exist— they  may  not  be  uniformly  disposed,  but  be  produced  in  larger 
number  or  of  larger  dimensions  in  some  parts  than  in  others.  Thus  Ehrenberg 
signalizes  an  u-regular  disposition  of  the  spines  in  Arcella  aculeata;  and  not 
uncommonly  such  processes  are  produced  only  from  the  vicinity  of  the  mouth. 

ihese  examples  will  sufficiently  illustrate  the  diversity  of  smfacc  preva- 
lent among  monolocular  shells  ;  but  these  sheUs  moreover  differ  as  remai'k- 
ably  among  themselves  in  size,  figure,  and  chai-actor  of  the  margin,  and 
likewise  m  the  relative  position  of  their  mouth,  foramen,  or  orifice.  Those 
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diiferences  supply  specific  and  generic  characters  of  much  value  by  reaeon  of 
their  constancy.  Where  the  mouth  has  an  even  uninterrupted  margin,  it  is 
said  to  be  "  entire."  Its  normal  figTire  may  be  considered  circular  (XXI.  9). 
However,  in  many  instances  it  is  ii-regular  (XXI.  15),  or  a  projectiiig  portion 
encroaches  on  it  (XXJ.  6).  In  Diffiugia  depressa  and  D.  gigantea  it  is  uneven  ; 
in  Arcella  lunata,  semilunar ;  in  Diffiugia  ampulla,  ovate ;  in  Spherwderia,  so 
contracted  as  to  be  linear.  Still  more  frequently  the  margin  of  the  aperture  is 
dentated  or  spinous  :  examples  occur  in  Diffiugia  denticulata,  D.  Icevigata,  D. 
oligodon,  D.  acanthopJiora  (XII.  64),  and  D.  ciliata,  in  Arcella  dentata  and 
in  Euglyplia.  The  symmetrical  position  of  the  mouth  is  vs^anting  in  several 
species ;  and  Schlumberger  elevated  this  variation  to  the  importance  of  a  ge- 
neric distinction.  The  obliquity  of  the  aperture — its  position  out  of  the  median 
Ijjie  ^is  noticed  in  Arcella  Americana,  A.  constricta,  A.  ecornis,  and  in  A.  lu- 
nata, also  in  the  genus  Trinema  (Duj.)  and  in  Cyplioderia  (Schlumberger). 
When  the  mouth  appears  formed  by  the  mere  incompleteness  of  the  outhne  of 
the  shell,  and  is  without  a  neck  or  deep  margin,  it  is  often  said  to  be  truncate 
—in  fact,  the  oral  end  of  the  sheU  is  tnincated  or  abiiiptly  cut  off  by  the 

The  shells  of  Arcellina  may  be  fractiu'ed  by  pressure  when  the  contained 
sarcode  matter  escapes  through  the  fissures,  extending  itself  in  lobe-hke  pro- 
longations, which  take  on  the  chai-acters  of  ordinaiy  expansions  (XXI.  _0- 
Since  the  opacity  of  the  shell  is  generaUy  an  impediment  to  the  observation 
of  the  contained  matter,  its  niptiure  by  pressui-e,  or  its  partial  solution  by 
some  reagent,  as  sulphuiic  acid,  which  acts  upon  the  chitmous  basis,  must 
be  resorted  to  in  order  to  discover  the  natui-e  of  the  animal  mass  within. 
With  or  without  such  preparation,  it  is  not  unfrequently  seen  that  the  Jiving 
mass  is  not  uniformly  adherent  to  the  inner  surface  of  the  sheU,  but  is,  on 
the  contrary,  detached  at  different  parts,  leaving  interspaces  between  it  and 
the  testa  varying  in  size  and  number.  These  vacuities  may  possibly  aiise 
from  the'detachment  of  the  soft  matter  by  reason  of  the  quanti^  poui-ed  out 
from  the  mouth  of  the  sheU,  or  otherwise  from  the  fonnation  of  vacuoles  at 
those  points,  just  as  often  happens  on  the  surface  of  an  Amoeba. 

h  Shells  of  Poltthalamxa  ob  roEAMiNiFERA.— These  have  a  great  diver- 
sity in  figure  and  size,  and  are  often  very  beautifuUy  coloui-ed  and  sculptured. 
From  the  resemblance  of  many  to  the  sheUs  of  Cephalopoda,  especially  to  those 
of  Nautili  (XXI.  28),  they  were  for  a  long  time  ranged  along  with  those 
hiffhlv-developed  Mollusca.    The  shells  of  Pohjthalamia  consist  of  a  greater 
or  less  number,  according  to  age  and  species,  of  communicating  chambers  or 
cells  aggregated  together  or  superposed  on  one  another  m  ditterent  ways, 
the  mode  of  disposition,  however,  varying  within  certain  hmits  even  m  the 
same  species.    Thus  Dr.  Carpenter,  speaking  of  Orhitohtes,  says  (Proceedings 
Roml  Society,  1855),—"  Starting  from  the  central  nucleus,  wluch  consists  ot  a 
Bear-shaped  mass  of  sarcode  nearly  sun-ounded  by  a  larger  mass  connected 
with  it  by  a  peduncle,  the  development  may  take  place  either  on  a  simple 
r  upon  a  complex  type.    In  the  former  (which  is  indicated  by  the  circular 
or  oval  forms  of  the  cells,  which  show  themselves  at  the  sui-face  of  the  disk, 
and  bv  the  singleness  of  the  row  of  marginal  pores),  each  zone  consists  ot  but 
a  single  layer  of  segments,  connected  together  by  a  single  annular  stolon  of 
sarcode  and  the  nucleus  is  connected  with  the  first  zone,  and  each  with  that 
wMch  surrounds  it,  by  radiating  peduncles  proceeding  from  this  annulus, 
wS  when  issuing  from  the  peripheral  zone,  will  pass  outwards  tlirough  the 
maW^po'erF^^       -  the  form  of  pseudopodes.    In  the  complex  type, 
TtWher  hand  (which  is  indicated  by  the  narrow  and  s  mght-sided  forni 
of  tt  VupeiSl  cells  and  by  the  multiplication  of  the  honzontal  rows  of 
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marginal  pores),  tlie  segments  of  the  concentric  zones  are  elongated  into 
vertical  columns,  with  imperfect  constrictions  at  intervals ;  instead  of  a  single 
annulai'  stolon,  there  ai'e  two,  one  at  either  end  of  these  columns,  between 
which,  moreover,  there  are  usually  other  lateral  communications,  whilst  the 
radiating  pedimcles,  which  comiect  one  zone  with  another,  are  also  multiplied, 
so  as  to  lie  in  several  planes.  Moreover,  between  each  annular  stolon  and 
the  neigh  bom-ing  sm-face  of  the  disk,  there  is  a  layer  of  superficial  segments 
distinct  from  the  vertical  columns,  but  connected  with  the  annular  stolons  ; 
these  occupy  the  nan-ow  elongated  cells  just  mentioned,  which  constitute 
two  superficial  layers  in  the  disks  of  this  type,  between  which  is  the  inter- 
mediate layer  occupied  by  the  columnar  segments. 

"  These  two  types  seem  to  be  so  completely  dissimilar,  that  they  could 
scarcely  have  been  supposed  to  belong  to  the  same  species;  but  the  examina- 
tion of  a  large  number  of  specimens  shows  that,  although  one  is  often 
developed  to  a  considerable  size  upon  the  simple  type,  whilst  another  com- 
mences even  from  the  centre  upon  the  complex  type  yet  many  individuals, 
which  begin  life  and  form  an  indefinite  number  of  annuli  upon  the  simple  type^ 
then  take  on  the  more  complex  mode  of  development."  ' 

Each  cell  is  occupied  by  the  animal  sarcode  substance — sometimes  not 
completely,  so  that  intervals  exist  at  points  between  the  contained  matter 
and  the  enclosing  calcareous  waU,  just  as  in  Monothalamia.  The  first  cell  pro- 
duced, about  which  all  others  are  arranged  and  may  be  considered  offshoots 
or  dependencies,  is  called  the  primary  or  primordial  cell ;  and  in  it  is  con- 
tained the  mass  of  condensed  sarcode  which  Dr.  Carpenter  calls  the  nucleus. 

The  Hnk-like  portions  connecting  one  chamber  with  another  are  called  by 
Schultze  bridges  (Bracken)  or  isthmi,  by  Ehrenberg  siphons,  and  by  Car- 
penter '  stolons.' 

In  chemical  composition  the  sheUs  of  Polythalamia  are  calcareous  with  the 
exception  of  those  Polymorphina  silicea,  which,  like  those  oimanyDifflunice 
are  composed  of  smaU  granules  and  tablets  of  silex.  Schultze  observes  that' 
m  addition  to  this  species,  Spirulina  acjglutinans  and  Bignerina  aqqlutinam 
have  their  surface  covered  by  adherent  grains  of  sand,  to  give  it  the  fii-nmess 
and  resistance  provided  for  in  other  forms  by  their  shells.  The  consequence 
of  theu' calcareous  composition  is,  that  the  sheUs  are  hard,  brittle,  and  opaaue 
and  then;  contents  only  visible  so  far  as  protruded  in  the  form  of  processes' 
To  examine,  therefore,  the  animal  matter,  it  is  necessary  to  crush  the  sheHs" 
or,  better,  to  carefully  remove  some  portions  and  so  expose  the  subjacent  tissue 
to  .^ew;  or  they  maybe  acted  on  by  dilute  acid,  which  dissolves  out  the 
earthy  mat  er,  leavmg  the  transparent  organic  basis  of  the  testa.  Duiardin 
employed  dilute  acid  mixed  mth  alcohol,  which  contracted  and  rendeSd 
the  sarcode  substance  harder  and  gave  it  the  appearance,  in  the  to- 
t^:t:^l  ~  —ted  togetliTfy 

When  the  calcareous  earthy  matter  is  dissolved  out  of  the  sheUs  of  Foravii 

s{;:;tTran7S^^ 

s^sr  CtSn  ri^nts^s: 

ance  Zn  in  the  fh,' J         '  a'^^'  ^  '^^^^'^h  greater  abund- 

Sove  the  pSsete  K„r'^  .  ^fr  effen^escence,  and  so 

Etzfhrro  lL???r  '  °^  T  P^P^-^^  ^^^^l  constituent. 
Sli.  ?n  those  S^O^  of  phosphate,  of  Hme,  at  least  in  some 

U^ht  nml  w  ^^1"'']'^       commonly  white,  when  viewed  by  reflected 

light,  and  when  emptied  of  their  organic  contents.    When  the  latter  remab 
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a  reddish-  or  yellow-brown  colour  is  produced.  Sufficiently  transparent 
specimens  and  opaque  fragments,  viewed  by  transmitted  light,  exhibit  either 
a  glass-like  (vitreous)  colourless  appearance,  or  have  a  brown  hue.  Examples 
of  the  latter  condition  are  afforded  by  aU.  solid  and  not  finely  porous  shells,  by 
Miliolidce,  Ovulince,  and  others.  Moreover,  the  youngest,  thinnest,  and  most 
transparent  shells  are  rendered  visible  by  their  apparent  intense  brown  colour. 
Amono-st  porous  species  are  some,  such  as  Orhiculina  and  Sorites,  which  have 
the  brown  colour  only  in  stripes.  Lastly,  Schultze  has  never  met  Avith  the 
peculiar  yellow,  red,  and  violet  tints  mentioned  by  D'Orbigny  in  some 
Eotalince,  Bosalince,  and  Flanorlulince. 

The  figure  assumed  by  various  Polythalamia  is  extremely  varied,  but  is 
nevertheless  reducible  to  certain  types.  We  will  restrict  ourselves  to  a  brief 
description  of  the  primary  forms  established  by  Schultze  ;  these  are  three  m 

number:  1.  In  which  the  chambers  or  cells  are  superposed  on  one  another 

in  a  straight  series.    2.  In  which  they  are  disposed  in  a  spiral  manner ; 
and,  3.  in  an  irregular  fashion.  .  . 

The  Nodosariclce,  which  have  theii-  cells  placed  one  on  another  in  a  simple 
row,  are  examples  of  the  first  type  ;  the  Spiroculince  of  the  second;  and  the 
Acervulinm  of  the  third  (XXI.  34). 

In  spiral  sheUs  the  chambers  may  be  roHed  in  one  plane,  so  as  to  toi-m  a 
symmetrical  shell  with  opposite  sides  ahke,  e.  g.  in  Cristellaria,  or,  otherwise, 
in  an  asymmetrical  mode,  so  as  to  produce  a  shell  hke  that  of  the  common 
snail  (Helix),  e.g.  Botalia  and  Bosalina  (XXI.  25-28).  This  latter  variety 
may  be  so  modified  by  the  great  elongation  of  the  spiral,  as  to  produce  an 
elongated  conical  outline,  as  in  Uvigerina  and  Bulimma,  when  the  chambers 
above  and  below  each  other  may  present  an  alternate  arrangement  Other 
varieties  of  the  spiral  are  exemphfied  in  Orlimlina,  Alveohna,  and  Noniomim. 
In  many  instances  a  simple  or  regular  spiral  disposition  is  commenced  m  young 
animals,  wHch  is  departed  from  variously  as  they  attain  the  adult  condition 
and  characters.  Thus  in  Planorbulvna  the  regular  spu-al  is  transformed 
eventually  into  a  completely  irregular  form.  Lastly,  the  Acervuhn<^  con- 
sist of  spherical  or  spheroidal  ceUs  aggregated  "^to  formless  colom^ 

With  reference  to  the  minute  structui-e  of  the  shell.  Prof.  Wilhamson 
(Beport  of  British  Association,  1855,  p.  105)  recognizes  three  pnncipal 
tvDes-  vi^.— "  1.  The  hyaline,  generaHy  consisting  of  a  transparent  vitreous 
carbonate  oflime,  with,  usuaUy,  numerous  foramina.  2.  PorceHanous,  white 
opaque,  and  rarely  foraminated.  3.  The  arenaceous  mainly  consistmg  of 
agglomerated  grains  of  sand."  Schultze  makes  two  types :  m  the  one,  the 
sheU  is  perforated  by  numerous  fine  pores  or  canals;  in  the  other  it  is 
homogeneous  and  soM.  The  contents  of  the  second  seiies  are  brought  mto 
relation  with  the  external  worid  by  means  of  one  large  opening,^  or  by  many 
smaller  ones  coUected  in  one  group.  This  division  <^«^^^«f 
with  that  of  Prof.  Williamson,  except  that  the  German  natui-ahst  has  omitted 
to  notice,  as  a  thii-d  series,  those  shells  constituted  of  a  membrane  covered  by 
extraneous  particles  of  sand  and  the  like.  .  ,  ,4.  i 

The  size  and  distribution  of  the  foramina,  along  with  other  structui-al  pecu- 
Uarities,  afford  the  best  specific  characters.  To  exanune  these  details  the 
S  must  be  viewed  by  transmitted  Hght,  and  by  high  powers.  The  thick- 
w£  opaque  Foraminifera  are  best  explored,  as  Ehrcnberg  fii-st  pointed  out 
Tfter  beiSg  soaked  in  some  strongly  refracting  varnish,  either  entii-e  or  when 

'"S'di'^rS^^^^  canals  vary  in  different  species  from  -0003  of  a  line  (a 
Ihe  ^^^^^^^^''^^  .005  of  a  line.    They  are  of  extraordinary  fineness 

rp1jrXi;^*l?rAl-.^.  and  whilst  in  0....«»« 
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universa  and  in  Acei-vulina  globosa  (XXI.  35-37)  they  obtain  their  greatest 
diameter.  In  the  latter,  and  in  Glohigerina,  the  canals  dilate  towards  the 
siu'face,  and  are  consequently  funnel-shaped  (infimdibuliform).  In  a  few 
instances  two  different  sorts  of  pores  exist,  as  in  OrbuUmi  universa  and 
Eosalina  varians,  the  finer  kind  being  more  abundant. 

A  pecuUar  sort  of  slits  is  chax'actenstic  of  the  genus  Polystomella ;  that  they 
completely  perfomte  the  shell  is  shoAvn  by  sections.  They  are  largest  in  F. 
stiiyilata,  and  in  P.  gihha  appear  to  be  only  shallow  excavations. 

Besides  the  openings  named,  the  surface  of  the  shells  often  presents  regularly- 
disposed  eminences  or  elevated  lines.  In  Polystomella  sh-igilata  and  P.  venusta 
(XXI.  28-30)  there  are  hemispherical  or  conical  eminences,perforated  severally 
by  a  fine  opening.  In  Textilaria  picta  elevated  lines  are  aiTanged  around  the 
widely-sepai-ated  pores,  so  as  to  produce  an  elegant  design  (XXI.  25).  Lastly, 
many  shells  have  a  spinous  or  stellate  appeai'ance,  from  the  prolongation  of  some 
canals  into  long  and  fine  projecting  tubes,  or  from  that  of  the  whole  of  them 
into  thick  processes.  lUustz-ations  are  afforded  by  Bosalina  Imperatoria,  Oal~ 
carina,  and  particularly  by  Siderolina  calcitrapoides. 

Cai-ter  has  described  a  greenish,  perishable,  organic  membrane  as  investing 
the  entire  surface  of  the  shells  with  all  theii-  irregularities ;  and  d'Archiac 
has  assumed  this  to  be  the  secreting  membrane  of  the  calcareous  matter. 
Schultze,  however,  has  failed  to  detect  such  a  structure  in  every  specimen  he 
has  examined,  whether  in  a  living  or  iu  a  dried  condition ;  and  he  observes 
that,  even  if  this  membrane  does  exist  in  certain  cases,  there  are  abundant 
facts  to  prove  that  it  is  not  the  secreting  organ  of  the  shell. 

The  foramina  are,  as  a  rule,  uniformly  distributed  over  the  sheUs,  those 
parts  only  being  free  which  are  placed  iramediately  above  the  jiartitions 
between  adjoining  cells.  Exceptions,  however,  occur.  Thus,  in  the  iaequi- 
lateral  Botalidoe  (XXI.  33)  and  their  allies,  the  undei-  or  umbilical  side  has 
fewer  pores  than  the  upper.  Also,  ia  some  of  the  thick-sheUed  species  the 
position  of  the  subjacent  septa  are  not  indicated  by  the  absence  of  pores. 
The  long  winding  canals  pass  in  different  directions,  unite,  and  appear  on  the 
surface  in  groups,  produciag  a  complex  wavy  pattern  on  the  surface,  as  in 
many  Calcarince. 

The  partitions  between  the  several  cells  are  perforated  by  orifices,  which 
differ  in  size,  number,  and  distribution  in  the  several  species.  They  occur  in 
the  septa  as  fine  pores  similar  to  those  of  the  surface,  but  in  less  number. 
Again,  in  species  having  a  single  lai'ge  opening  in  their  terminal  chamber, 
there  is  a  similar  one  in  each  partition,  as  in  Nodosarida,  Miliolkla  (XXI.  21, 
22),  Textilaria  (XXI.  36),  llotalida,  and  m  Nonionina,  Eotulina,  Cristelluria', 
&c.  Among  this  group  the  Conulina  form  an  exception,  in  having  numerous 
foramma  m  the  last  ccU  and  in  the  septa  between  the  others.  In  AcervuUna, 
agam,  the  several  ceUs  communicate  by  a  single  opening.  In  Peneroplis 
Cosci^wspira,  and  m  Polystomella  the  septa  have  numerous  pores  ;  and  tlie 
foramina  proportionally  increase  in  number  with  the  increasing  size  of  the 
septa,  ^.  e.  from  the  fii'st-  to  the  last-formed  chamber  (XXI.  28-30)  In 
Orbicuhna  the  thick  septa  are  penetrated  by  canals 

Ehrenberg  pointed  out  the  presence,  in  several  species,  of  numerous  per- 
pendicular calcareous  columns  interposed  between  the  septa,  which  he  sup- 
posed to  be  hoUow  tubes,  opening  up  a  communication  between  the  whole 
senes  of  chambers  and  the  exterior.  Both  their  function  and  their  tubular 
nature  bchidtze  disbehevcd,  and  asserted  that  LunuUtes  (Etw.)  is  not  one  of 
the  Polythalamia,  but  actuaUy  a  colony  of  Brt/ozoa. 

_  Mr.  Carter  (J  iV.  H.  1852,  x.  p.  170),  on  the  contmry,  asserts  the  ex- 
istence of  such  tubes  m  the  septa,  in  the  foUowing  passage  :— 
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"  The  septa  occiipy  (in  Ojperculina  Arahicd),  transversely,  about  -^th  of  the 
breadth  of  the  chambers ;  and  each  septum  encloses  within  its  walls  two 
calcareous  tubes  or  vessels,  one  on  each  side,  some  little  distance  below  the 
contiguous  sui'face  of  the  shell  (fig.  7  a,  a) ;  these  we  shall  call  interseptal 
vessels.  They  are  irregular  both  in  their  size  and  course,  though  generally 
about  j-J^th  of  an  inch  in  diameter,  in  the  last-formed  septa  of  a  shell 
having  the  dimensions  of  the  one  described,  and  diminish  in  calibre  back- 
wards or  towards  the  fii-st-fonned  whorls.  Each  vessel  commences  in  the 
centre  of  an  intricate  netAvork  of  smaller  ones,  spread  over  its  own  side 
of  the  margin  of  the  preceding  whorl,  and  imder  the  layers  of  the  shell ; 
these  networks,  which  are  joined  together,  we  shall  call  the  marginal  plexris. 
In  its  course  each  interseptal  vessel  gives  off  two  sets  of  ramusculi,  and  the 
marginal  plexus  one  set.  Of  those  coming  from  the  interseptal  vessel,  one 
set  terminates  on  the  surface  of  the  shell,  particularly  about  the  borders 
of  the  septum ;  the  other  goes  into  the  walls  of  the  shell,  and  thi-ough 
the  septum,  to  open  probably  on  the  inner  surface  of  the  chamber,  while 
the  set  from  the  marginal  plexus  opens  on  the  margin.  As  this  vascular 
system  appears  to  extend  throughout  every  part  of  the  shell,  and  must  be 
for  the  circulation  of  some  fluid,  we  will  call  it  the  interseptal  circulation."  _ 

Prof.  "Williamson  has  likewise  described  a  series  of  intraseptal  canals  in 
Faujasina,  and  illustrated  their  arrangement  by  engravings.  We  have  not 
space  to  give  the  details,  but  can  quote  only  the  general  results — "  The  intra- 
septal spaces  are  vertical,  and  give  off  true  divergent  cyhndrical  canals  fi'om 
their  external  mai-gins,  penetrating  the  thick  parietes  of  the  shell.  These 
spaces  extend  from  the  top  to  the  bottom  of  each  septum,  and  only  assume 
the  form  of  canals  when  they  approach  the  peripheral  shell- walls.  The  con- 
necting branches  which  unite  the  spaces  of  different  convolutions  are  also 
tubular.  In  no  instance  do  these  spaces  or  their  divergent  canals  communi- 
cate with  the  interior  of  the  segments  (chambers) ;  for  the  only  direct  com- 
munications between  the  two  parts  of  the  organism  are  thi-ough  the  pseudo- 
podian  foramina,  many  of  which  open  mto  the  tubular  portions  of  these 
passages  ;  but  never,  so  far  as  I  have  observed,  into  the  intraseptal  spaces." 
Again,  "  the  cavities  in  the  translucent  shell  are  thickly  lined  with  a  dark 
ohve-brown.  substance,  which,  if  it  be  the  desiccated  soft  animal,  proves  that 
in  this  species  the  gelatinous  tissue  has  not  only  filled  the  true  chambers,_but 
has  also  occupied  the  intraseptal  canals  and  passages.  If  this  be  so,  it  is 
curious  that  the  only  medium  of  communication  between  the  soft  tissues  m- 
habiting  the  spiral  segments  of  the  shell  and  those  occupying  the  intraseptal 

and  central  passages,  should  be  the  minute  pseudopodian  foramina  It  is, 

however,  obvious  that  this  organism  supports  the  conclusion  at  which  I  arrived 
in  a  previous  memoir,  viz.  that  the  soft  animal  had  the  power  of  extending 
itself  externally  far  beyond  the  limits  of  any  individual  segment,  and  would 
thus  be  able  to  secrete  calcareous  matter  in  other  situations  than  the  mere 
parietes  of  its  own  segment.  It  is  only  in  this  way  that  we  can  explain  the 
production  of  the  dome-lilie  covering  which  encloses  the  central  umbilical 
cavities  and  their  ramifying  canals.  But  if  it  should  he  ultimately  proved 
that  the  soft  tissues  have  occupied  aU  these  UTCgular  cavities,  we  shall  then 
have  a  form  of  organization  which,  from  its  great  variability  of  contour,  wiU 
approach  much  more  closely  to  the  calcareous  sponges  than  any  hitherto  de- 
scribed.? ,       ,      ,  ,  .     i.         4.  J 

Schultze  says  that  the  species  referred  to  by  the  two  observers  just  quoted 
have  not  come  in  his  way,  but  that  in  none  of  the  genera  he  has  examined 
has  he  met  with  a  simUar  structure.  He  has  been  cquaUy  unsuccessful  in 
findino-  the  interseptal  spaces  noticed  by  Cai-penter  in  Nwnmnl->ies ;  and  m 
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no  genus  he  has  examined,  has  ho  been  ahlo  to  discover  its  shell  to  be  com- 
posed of  calcareous  spicula,  such  as  Car'ter  represents  in  Operculina  Arabica, 
and  refers  to  as  indicative  of  the  intimate  affinity  between  Foraminifera  and 
sponges,  in  the  ensuing  pai-agraph  {A.  N.  H.  x.  1852,  p.  173): — "It  must 
be  now  generally  allowed  that  the  Ehizopodous  nature  of  Foraminifera  is 
identical  with  that  of  the  Amoeba  or  Proteus,  and  through  the  latter  with  the 
Sponge-ceU ;  and  in  addition  to  this,  we  have  the  former,  at  least  the  genus 
Opeixulina,  still  more  nearly  allying  Foraminifera  to  the  Sponges,  by  possess- 
ing a  spicula  structore,  if  not  a  circulating  system  also,  like  that  of 
Sponges." 

The  calcareous  shell  of  Ehizopoda  is  lined  (XXI.  16)  within  by  a  delicate 
organic  homogeneous  membrane,  with  a  sharp  outline,  and  of  a  more  or  less 
deep-brown  colour.  It  is  in  immediate  contact  with  the  animal,  and  closelj' 
appKed  to  the  shell,  and  has  the  same  perforations  (XXI.  24).  It  penetrates 
from  one  chamber  to  the  next  thi'ough  the  intermediate  pores  and  canals. 
During  life  it  is,  in  the  last-formed  chambers,  coloiu'less.  It  is  not  equally 
visible  ia  all  species.  By  the  addition  of  dilute  acid  to  Botalia,  Rosalina,  and 
Text'daria,  it  is  readily  brought  iato  view  ;  but  in  Miliolida  this  is  diiBcult, 
owing  to  its  delicacy  and  want  of  colour.  In  the  first-formed  (primordial) 
chamber,  occupied  by  colourless  substance,  it  would  seem  to  be  absent.  In 
its  chemical  relations  it  resembles  the  chitinous  shell  of  Gromia,  and  is  so 
very  slowly  destroyed  by  decomposition,  that  it  may  be  demonstrated  in 
empty  shells  found  amidst  the  sand  at  the  sea-side,  and,  according  to  d'Ai'chiac 
and  Jules  Haime,  even  in  fossil  specimens. 

DiMBsrsiONS  AND  CoiTOiTioNS  OF  Llpe  OF  Rhizopoda. — The  size  of  the  Ehi- 
zopoda is  very  varied,  even  among  members  of  the  same  genus.  Ehrenberg 
describes  Ama;bce  from  -^wo^^^  sh^^  tV*^  of  an  iach  ;  Diffiugice  from 
TsTo-tlij  and  j-}^ih  to  J^th,  and  Arcellce  bom  -j-rsoth  to  ^W"'^  an  inch. 
Between  individuals  even  of  the  same  species,  he  represents  a  diversity  of 
size  of  nearly  equal  extent.  Schultze  states  the  diameter  of  the  shells  of 
Gromia  oviformis,  and  of  G.  Dujardinii,  to  be  -^th  of  an  inch,  whilst  that  of 
Lagynis  is  only  ^i-^-th  in  length.  Dujardin  remarks  that  the  largest  fresh- 
water Ehizopoda  attain  a  diameter  of  -g^^^d,  whilst  the  marine  Foraminifera 
are  for  the  most  part  visible  to  the  naked  eye,  and  have  a  length  of  from  JLth 
to  l-th  of  an  inch.  The  JSTautiloid  shells  of  Polystomella  have  a  diameter  of 
■Jjrth  to  ^th  of  an  inch,  and  the  irregularly- chambered  Acervulinai  a  length 
of  from  Jjth  to  Ath  of  an  inch.  Among  fossil  Foraminifera  larger  sizes 
prevail :  thus.  Sir  E.  Belcher  brought  one  species  from  Borneo  measm-ing  more 
than  2  inches  in  diameter ;  and  many  Nummulites  are  found  an  inch  and 
upwards  in  diameter. 

^  Mr.  Jeffreys  gives  the  following  account  of  the  habits  of  Foraminifera 
{Proc  Royal  Soc.  1855)  :— "  Most  ai'e  free,  or  only  adhere  by  their  pscudo- 
podes  to  foreign  substances.  Such  are  the  Lagena  of  Walker,  NodosarL  Vor- 
ttcialis,njid  lextularia  and  the  Miliola  of  Lamarc.  The  last  genus  has  some, 
although  a  very  hmited  power  of  locomotion,  which  is  effected  by  exserting  its 
pseudopodes  to  their  fuU  length,  attaching  itself  by  them  to  a  pieJe  of  seaweed, 
and  then  contracting  them  hke  india-rubber,  so  as  to  di-aw  the  sheU  along  Mdth 
them.  Some  of  the  acephalous  moUusks  do  the  same  by  means  of  theii-  byssus. 
«PP^  r         mv'^^^^oni^,  however,  exceedingly  slow  ;  and  I  have  never 

anclSi  Wl  r^'^vw  ^""'c?  ^  ^""S^^*  ^^^^^^  ^  q^ai'ter  of  an  inch 

1     I  •  •  •  Some  are  fixed  or  sessile,  but  not  cemented  at 

their  base  hke  the  testaceous  Annehds.  The  only  mode  of  attachment  appears 
to  be  a  thm  A^ni  of  sarcode.  The  LobatuU  of  Fleming,  and  the  Rosalia  and 
PJanorUdvna  (D  Orb.)  belong  to  tliis  division.    Dr.  Carpenter  considers  the 
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Foraminifera  to  be  phytophagous,  in  consequence  of  his  having  detected  in 
some  specimens  fragments  of  JDiatomacece,  and  other  simple  fonns  of  vegetable 
life.    But  as  I  have  di-edged  them  ahve  at  a  depth  of  108  fathoms  (which  is 
far  beyond  the  Laminarian  zone),  and  they  are  extremely  abundant  at  from 
40  to  70  fathoms,  ten  miles  fi-om  land  and  beyond  the  range  of  any  seaweed, 
it  may  be  assumed,  without  much  difficulty,  that  many,  if  not  most  of  them, 
are  zoophagous,  and  prey  on  microscopic  animals  perhaps  of  even  simpler  form 
and  structure  than  themselves.    They  are  in  their  turn  the  food  of  MoUusca, 
and  appear  to  be  especially  relished  by  Dentalium  entale."    The  assumption 
that,  because  the  Laminarian  zone  ceases  at  a  much  less  depth  than  that  at 
which  Foraminifera  occur,  therefore  no  DiatometE  are  found,  is  quite  gra- 
tuitous, and  opposed  to  observation.    The  notion  also  that  animal  life  fur- 
nishes nutriment  to  Foraminifera  at  depths  where  vegetable  existence,  and 
where  the  doubtful  Diatomeas  cannot  be  sustained,  is  opposed  to  all  proba- 
bility. 

Of  the  rate  of  growth  and  of  the  duration  of  Ehizopoda  we  have  few  re- 
corded observations  :  we  must,  however,  suppose  them  regidated  by  external 
circumstances,  such  as  abundance  of  food,  moderate  temperatm-e,  and  the  like. 
Schultze  observed  of  Foraminifera  living  in  a  small  quantity  of  sea- water,  so 
to  speak,  in  captivity,  that  they  grew  exceedingly  slowly.  In  only  one  Po- 
lystomella  out  of  many,  kept  imder  observation  for  several  months,  did  he  ob- 
serve the  production  of  a  new  chamber.  Botalice,  however,  were  more  fre- 
quently seen  in  process  of  growth,  the  walls  of  the  new-formed  segments 
being  extremely  delicate  and  deficient  of  calcareous  matter.  Some  very  young 
specirnens  of  Miliola  ohesa  were  found  to  produce  two  new  chambers,  after  the 
completion  of  the  piimary  one,  in  the  coiu'se  of  four  weeks. 

Erom  this  fact  of  their  very  gradual  growth,  says  Schiiltze,  we  may  con- 
clude that  a  year  or  more  may  elapse  before  the  construction  of  a  many- 
chambered  shell  is  completed.  This  natoi'alist  has,  indeed,  kept  the  same 
specimens  of  Polystomella  and  of  Botalida  in  captivity  for  nine  months  ;  and 
their  persistence  for  a  much  longer  period  is  highly  probable.  If,  he  adds, 
the  production  of  germs  put  a  termination  to  life,  then  this  phenomenon 
entails  a  fixed  limit  to  its  duration.  Dujardin,  again,  foimd  Arcellce  alive  after 
two  years,  in  a  vessel  in  which  he  had  preserved  them. 

The  testaceous  Ehizopoda  possess  the  power  of  repairing  the  efi"ects  of  me- 
chanical iajuries  to  their  shells.  This  has  been  proved  by  Schultze  in  the 
case  of  the  Pohjthalamia ;  and  we  may  conclude  the  same  faculty  is  possessed 
by  the  Monothalamia.  He  has  seen  almost  one-half  of  the  shell  of  Polysto- 
mella strigilata,  which  had  been  broken  away,  repaked  by  a  new  calcareous 
wall  resembliag  the  normal  one  both  in  its  pores,  eminences,  and  markings. 
He  also  frequently  noticed  ia  this  same  species  irregularities  in  the  conforma- 
tion of  the  sheU,  which  he  attributed  to  damages  previously  inflicted ;  and 
experiment  showed  him  that,  even  on  the  same  day  that  a  considerable  portion 
was  removed,  the  animal  set  vigorously  to  work  to  replace  the  lost  shell,  and 
protruded  its  processes  just  as  before. 

OccasionaUy  the  destruction  of  a  portion  of  the  shell  gives  rise  to  monstrous 
(abnormal)  forms.  Thus  Schultze  noticed  a  double  Polystomelln  stngdatfi, 
and  Beuss  a  monstrous  Nodosaria  anmdata,  which  he  called  N.  dicliotoma  ;  and 
Dr.  Carpenter  has  foimd  several  "  monstrosities  of  Orbitolites  resulting  fi-om  an 
unusual  outgrowth  of  the  central  nucleus." 

The  Ehizopoda  can,  doubtless,  maintain  life  under  very  prejudicial  condi- 
tions The  power  possessed  by  the  sarcode  substance,  of  sustainmg  existence 
when  even  the  greater  part  is  torn  away,  and  the  capabilitj^  of  repair  mani- 
fested by  the  testaceous  species,  are  facts  indicative  of  theii-  tenacity  of  hte. 
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Another  proof  is  found  in  the  capacity  of  Foraminifera  to  exist  for  weeks  and 
months  in  the  same  water.  Schultze  states  that  he  has  found  them  lying 
motionless,  with  retracted  processes,  at  the  bottom  of  a  vessel  of  putrid  water, 
in  which  they  had  been  kept  a  long  time,  and  that  when  this  water  has  been 
changed,  or  its  foid.  odoiu-  removed  by  an  acid,  they  have  recommenced  to 
move  about,  and  to  thrust  out  their  fibres.  In  a  small  glass  containing  mud 
from  the  lagoons  of  Yenice,  and  in  which  life  appeared  extinct,  he  found  Ro- 
talidix  and  Miliolidce  creeping  on  the  sides,  and  in  great  numbers  in  the  sedi- 
ment at  the  bottom.  Some  still  more  recent  experim.ents  have  convinced  this 
eminent  natm-aUst  that  fresh  water  is  not  very  detrimental  to  them,  but  that, 
on  the  contraiy,  they  may  be  kept  ahve  in  it  for  a  considerable  time.  He 
found  at  the  same  time  that  some  dried  Pohjthalaniia  from  mud  obtained  at 
Muggia,  and  let  dry  for  five  weeks,  continued  motionless  after  six  weeks' 
immersion  in  sea- water. 

Habitats  and  Disteibtjtion  of  Ehizopoba. — Fossn  Poems. — The  Amcebce 
are  met  with  particularly  in  water  containing  much  organic  debris,  provided 
that  decomposition  is  not  proceeding.  They  are  common  inhabitants  of  infu- 
sions, and  of  stagnant  water,  and  are  foiuid  adherent  to  foreign  bodies,  to  plants, 
Confervfe,  and  the  like.  Although  imable  to  swim,  they  are  frequently  floated 
to  the  sui-face  on  the  matters  to  which  they  stick,  such  as  dead  leaves,  Alg^, 
or  stalks  of  plants.  They  occur  both  in  fresh-  and  in  sea-water,  but  are  much 
more  commonly  seen  in  the  former. 

The  Monothalamia,  with  reference  to  their  habitats,  form  two  groups,  

one  marine,  the  other  freshwater.  Arcella,  Difflugia,  and  Euglypha  are 
essential  freshwater  genera,  whilst  SpirilUtia  (Ehr.),  Gromia,  Lagynis  (Sch.), 
and  Squamella  (Sch.)  axe  marine.  They  are  not  met  with  in  infusions  arti- 
ficially prepared  although  common  in  stagnant  water  holding  organic  matters 
in  suspension,  and  found  crawling  on  these  or  on  the  sides  of  the  vessel 
containing  the  water. 

Polythalamia  are  all  marine.  Their  abimdance  and  extent  of  distiibution 
are  surprising ;  this  is  true  of  them  both  in  the  living  and  in  the  dead  or 
fossil  condition,  Schultze  states  that  on  the  northern  level  shore  of  the  har- 
bour of  Ancona,  the  shells  of  the  Foraminifera  cover  the  surface  here  and 
there  like  a  fine  sand,  and  are  discovered  in  many  places  in  smaller  numbers 
at  a  depth  of  20  feet.  When  this  sand  was  placed  in  water  in  a  glass  jar,  no 
specmiens  were  foimd  to  crawl  up  the  sides ;  and  observation  showed  that  foAV 
among  them  retained  any  organic  contents.  From  a  small  rocky  islet  in  the 
harbour  he  scraped  into  a  fine  net  the  slimy  mud,  and  then  separated  the 
lighter  suspended  particles  fr'om  the  mixture  of  animal  and  vegetable  matter 
and  placed  them  m  another  glass.  On  examining,  a  few  hoiu-s  later,  the  fine 
sand  so  separated,  he  found  it  almost  entirely  composed  of  Polythalamia,  fiUed 
with  their  organic  substance  and  ahve,  many  of  them  having  crawled  up  the 
sides  of  the  vessel.  His  experiments  at  Venice  were  entirely  correspondent :  no 

STb?  rlT^'  T"^  ^^^t  specimens 

th/^lh  \       f^^'.t^r-'^        ^'Soons.    Once,  however,  at  cixhaven, 
on  the  Elbe,  he  met  with  living  Foraminifera  in  the  sand 

Dujardm  also  says  of  the  Polythalamia,  that,  from  being  unable  to  swim, 
they  are  only  to  be  found  attached  to  the  surface  of  bocHes  on  which  [hev' 
fhotaso^'ofr  f  P^™^''  f '  °t'^^™'i«<'»  lying  'Amidst  the  debris  covering 

S  n^Zp  M  11^    '"'^'J."'  '-^^P^-ities  of  tlie  shells 

Po/TT  Mollusca.  Sponges,  again,  form  a  convenient  habitat  for  Ihing 
Polythalamia,  having  then-  pores  at  times  pretty  well  filled  ^vitll  tliem  ;  in 
the  same  way  Corals  and  CoraUines  are  frequently  beset  with  them.  This 
necessity  of  attachment  cannot  imiversally  prevail,  since  the  Foraminifera  are 
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SO  often  found  scattered  over  the  bed  of  the  ocean,  as  well  in  the  living  as  in 
the  dead  state,  without  any  Algae  near,  whereto  they  can  adhere. 

The  extraordinary  abundance  of  Foramiaiferous  shells  ra.  the  sand  of  some 
sea-shores  has  been  long  observed.  Plancus,  in  1739,  counted,  with  the  aid 
of  a  low  magnifying  power,  6000  individuals  in  an  ounce  of  sand  fi'om  Rimini, 
on  the  Adriatic;  and  D'Orbigny  states  that  3,840,000  exist  in  an  equal 
quantity  of  sand  from  the  Antilles.  Schultze  also  counted  500  shells  of  llhi- 
zopoda  in  ^th  of  a  grain  of  sand  collected  from  the  Mole  of  Gaeta,  which  had 
previously  been  passed  through  a  sieve  and  separated  from  all  particles  above 
yi-fj^th  of  an  iach  in  size. 

Ehrenberg  describes  finding  Polythalamia  both  on  the  surface  of  the  sea 
and  also  at  the  bottom,  even  at  a  depth  of  12,000  feet.  Prom  these  great 
depths  they  are  procured  by  soundings ;  the  lead,  after  being  coated  vrith 
grease  at  the  bottom,  brings  up  attached  to  it  the  small  particles  of  sand  and 
other  matters  with  which  it  comes  into  contact  at  the  sea-bottom.  Numerous 
such  soundings  were  taken  by  Sir  J.  Eoss  in  his  Antarctic  expedition,  and 
have  been  practised  by  others  in  different  regions.  Dr.  Bailey  records  the 
results  of  a  series  of  deep  soundings  made  in  the  Atlantic,  over  a  considerable 
geographical  area,  from  latitude  42°  4'  to  lat.  54°  17',  and  depths  varying 
from  1080  to  2000  fathoms.  "  None  of  the  soundings,"  he  states,  "  contam  a 
particle  of  gravel,  sand,  or  other  recognized  unorganized  mineral  matter. 
They  all  agree  in  being  almost  entirely  made  up  of  the  shells  of  Foraminifera. 

 But  neither  the  surface-water  nor  that  of  any  depth . .  .  collected  close 

to  the  places  where  the  soundings  were  made,  contained  a  trace  of  any  Tutrd-^ 
shelled  animalcules."    Schultze  is  unable  to  receive  Ehrenberg's  statement  of 
finding  shells  floating  on  the  surface  of  the  sea,  seeing  that  they  naturally 
sink  in  water.    Still  he  admits  that  in  shallow  water  they  may  be  suspended 
by  the  tossing  of  the  waves,  and  that  they  may  float  on  the  surface  attached  to 
sea- weed  torn  fr-om  the  bottom,  or  to  other  floating  substances.  _  He  likewise, 
and  we  think  (judging  fr'om  the  laws  of  distribution  of  organic  Hfe  at  different 
depths  as  pointed  out  by  the  late  Prof.  Edward  Forbes),  veiy  justly,  demui's 
to  Ehrenberg's  conclusion,  that  the  Polythalamian  sheUs  fished  up  from  the 
great  depths  cited,  and  others  approaching  them,  Uved  at  those  depths,  and 
had  become  empty  by  speedy  decomposition  of  their  animal  contents.  At 
depths  far  less  considerable,  we  beheve  aU  organic  life  ceases,  and  should 
consider  the  Foramimferous  sheUs  there  found  to  have  been  drifted  from  other 
less  profound  places  by  currents  in  the  ocean.    Prof.  BaQey  also  started  the 
question,  whether  the  Foraminifera  found  at  the  bottom  of  the  sea  actually 
lived  there,  or  were  borne  there  by  submarine  cuiTcnts,  but  admitted  that 
these  and  other  like  questions  could  not  be  at  present  decided,  mat,  however, 
is  very  remarkable,  is  that  the  species  "  whose  shells  now  compose  the  bottom 
of  the  Atiantic  Ocean  have  not  been  found  Uving  in  the  suiface  waters,  nor  m 
shallow  waters  along  the  shore.    It  is  but  fail',  also,  to  state  that  :Mi-.  Jefti-eys 
has  dredged  living  Polythalamia  from  a  depth  of  108  fathoms  (648  feet). 
So  far  as  Schultze's  researches  go,  they  prove  a  very  hmited  geographical 
distribution  of  some  species  of  Polythalamia.    Thus,  he  has  never  found  the 
Eoialia  Veneta  elsewhere  than  at  Venice  and  Muggia,  near  Tncstc,^  whilst 
the  Pohjstomella  strigilata,  of  Ancona,  is  altogether  absent  at  Yemce  and 
Trieste     Nodosaridce,  which  arc  common  enough  at  Riniini,  are  sought  m 
vain  at' Ancona,  close  by,  whilst  Itotalia  Beccarii  occm-s  at  both  those  places. 
kSo  Peneroplis  pUnata  is  foimd  in  tiie  sand  on  the  Istrian  coast,  from  Uitta 
Nuova  to  Pola,  but  is  absent  at  Trieste,  Venice,  and  Ancona.    Siniilar  illns- 
trations  might,  says  Schultze,  bo  multiphcd,  to  show  the  considerable  diversity 
of  local  fauna. 
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A  limited  distribution,  both  in  reference  to  place  and  to  the  conditions  of 
existence,  has  been  determined  by  Ehi-enbcrg  and  other  observers  of  the  Poly- 
ihalamia,  and  also  employed  by  geologists  in  fixing  the  period  of  the  deposi- 
tion of  certain  strata,  and  the  cii-cumstanees  under  which  it  has  occurred. 
Thus  Bailey  records  of  the  Atlantic  soimdings,  that  they  "  contain  no  species 
belonging  to  the  group  Agathistegia  (D'Orbigny),  a  group  which  appears  to 
be  confined  to  shallow  waters,  and  which  in  the  fossU  state  fii'st  appears  in 
the  tertiary,  where  it  aboundis."  Again,  they  "  agree  with  the  deep  soundings 
oif  the  coast  of  the  United  States,  in  the  presence  and  predominance  of  species 
of  the  genus  Qlobigerina,  and  in  the  presence  of  the  cosmopolite  species  Orhu- 
lina  universa  (D'Orb.) ;  but  they  contain  no  traces  of  the  Marginulina  Bacliii, 
Tewtilaria  Atlantica,  and  other  species  characteristic  of  the  soundings  of  the 
Western  Atlantic.  In  the  vast  amount  of  pelagic  Foraminifera,  and  in  the 
entire  absence  of  sand,  these  soundings  strikingly  resemble  the  chalk  of 
England,  as  well  as  the  calcareous  marls  of  the  Upper  Missomi ;  and  this 
would  seem  to  indicate  that  these  also  were  deep-sea  deposits.  The  cretaceous 
deposits  of  ISTew  Jersey  present  no  resemblance  to  these  soundings,  and  are 
doubtless  httoral,  as  stated  by  Prof.  H.  D.  Eogers." 

A  fixed  geographical  distribution  is  also  implied  by  the  division  made  by 
D'Orbigny  of  the  species  he  observed, — ^viz.  into  575  pecuUax  to  the  torrid 
zone,  350  to  the  temperate,  and  75  species  to  the  frigid  zone.  Moreover,  Dr. 
Carpenter  stated  (in  the  Annual  Address  at  the  Microscop.  8oc.  1855)  that 
he  and  Prof.  "Wilhamson  find  "  that  there  are  certain  species  whose  range  of 
distribution  is  limited,  and  whose  form  is  remarkably  constant,  but  that,  in 
by  far  the  greater  number  of  cases,  the  species  of  Foraminifera  are  distributed 
over  very  wide  geographical  areas,  and  have  also  an  extensive  geological 
range."  Mr.  Jeffreys  remarks  that,  in  his  opinion,  "  the  geographical  range, 
or  distribution  of  species,  is  regulated  by  the  same  laws  as  in  the  Mollusks  and 
other  marine  animals.  I  have  found  in  the  gulf  of  Genoa  species  identical 
with  those  of  our  Hebridean  coast,  and  vice  versa." 

Fossil  Foraminifera. — In  a  fossil  form  the  PolytJialamia'&Te  very  common, 
and  enter  Jargely  into  the  formation  of  several  rocks,  chiefly  calcareous  or  of 
the  tertiary  series,  in  every  part  of  the  world.  Ehrenberg,  in  his  microscopic 
examination  of  the  chalk  fonnation,  represents  these  shells  as  the  most  im- 
portant constituent ;  and  Dr.  Bailey  speaks  of  them  as  largely  concerned  in 
the  formation  of  the  tertiary  rocks  of  South  Carolina,  and  adds,  they  "are  still 
at  work  in  countless  thousands  on  her  .coast,  filling  up  harbours,  formino- 
shoals,  and  depositing  their  shells  to  record  the  present  state  of'  the  sea- 
shore, as  their  predecessors,  now  entombed  beneath  Charleston,  have  done  with 
regard  toancient  oceans,    Eor  the  city  just  named  is  built  on  a  marl  236  feet 

•     ^'vi  ^"^'^^  t«        feet  are  tertiary,  as  also, 

m  all  bkohhood,  are  those  beneath,  extendiag  fi-om  193  to  309  feet,  and  also 
?nQ  /  ^T^"  T'^K         etiological  characters  of  the  maris  fi-om  236  to 

th^7  rf.*^""''  many  of  the  same  species  are 

still  to  be  detected  "  {A.  N.  H.  1845,  vol  xv  ) 

« J  r.w7  *  ^^'"Ij^^i  Foraminifera  of  the  chalk  belong  to  Rotalia,  Spirxdiim, 
f-^/"!^'^  I'T  '-^feounds  in  tertiary  stiata  :  and 

JonP  t  ^       t*''*!  i^gi-'^dient  in  the  composition  of  many  lime- 

sW.  of  f/p  ''''^^  ^«  those  in  Egypt,  from  which  the  huge 

n  America  this  genus  is  largely  re- 

•      ^""["Po^^t  of  Hmestone,  by  the  genus  Orhitoidcs.    Species  of 
Pn,Jlr  ™°st  abundant  in  OoUtic  formations.    In  the  cretaceous 

eartns,  says  1>  Orbigny,  genera  and  species  augment  in  rapid  progression  from 
the  lower  to  the  higher  formations.    On  arriving  at  the  tertiary  rocks,  Fora- 
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miniferahecome  still  more  multiplied,  and  many  previously  unobserved  genera 
make  tberr  appearance.  In  the  Silurian  and  Devonian  rocks  of  the  palaiozoic 
series,  Foraminifera  appear  to  be  absent.  In  the  carboniferous  deposits 
D'Orbigny  found  one  species,  but  detected  none  in  the  Permian,  Triassic,  or 
Jurassic  strata.  Mr.  King  has,  however,  discovered  shells  in  the  Permian  rocks. 

Many  genera  have  hitherto  been  found  only  in  the  fossil  state  :  some  such 
we  may  suppose  to  have  become  extinct ;  but  others  will  probably  be  discovered 
when  the  search  after  living  specimens  is  further  prosecuted.  It  may  be 
generally  stated  that  the  relative  number  of  identical  fossil  and  recent  species 
is  much  greater  in  this  family  of  Foraminifera  than  in  any  other  known ;  and 
specific  forms  have  contiaued  from  the  Mesozoic  era  until  the  present  day,  so 
connecting,  as  by  an  unbroken  chain,  the  fauna  of  our  own  time  and  that  of 
almost  countless  ages  past. 

Question  of  the  Cell-katuee  of  Ehizopoda,  and  of  the  Chabacteb  of 
FoEAMuriFEEA  AS  pNDiviDnAXS,  OE  AS  CoLONiES  OF  Animals. — The  prevailing 
theory  of  the  cellidar  composition  of  all  animal  and  vegetable  tissues  induced 
several  distinguished  natm-alists  to  represent  the  Ehizopoda  as  cells.  KoUiker 
ingeniously  argued  {J.  M.  S.  1853,  i.  p.  101)  in  favour  of  this  view,  and  for 
a  time  succeeded  in  persuading  most  scientific  men  of  its  truth.    It  had  the 
character  of  a  grand  generalization,  and  recommended  itself  by  its  simphcity. 
Various  stnictural  peculiarities  and  general  considerations  are,  however, 
opposed  to  this  theory:  these  we  wiU  adduce  after  Kblliker's  arguments 
have  been  stated.    He  first  assumes  that  the  Ehizopoda  and  Ciliated  Pro- 
tozoa are  comprehended  in  a  single  class  of  simple  animals,  which,  like  the 
GregarincB,  are  uniceUular ;  and  he  fiu'ther  groups  the  Actinopliryina  with 
Ehizopoda.    The  absence  of  an  integument  to  represent  the  ceU-waU,  and 
in  most  of  them  of  a  recognized  nucleus,  are  difiiculties  he  would  explam 
away     Pirst,  he  supposes  that,  where  a  nucleus  is  not  seen,  it  "  may  have 
existed  at  an  earher  period,  and  be  absent  only  in  the  full-grown  animal,  or, 
again,  that  it  may  be  entirely  wanting,  and  still  the  animal  be  regarded  as  a 
ceU  "  Secondly,  ""with  respect  to  the  membrane,  it  may  be  regarded  as  certain 
that  there  are  ceUs  with  a  membrane  of  such  extreme  tenuity  as  to  behardly 
distinguishable  from  the  contents,"  and  others  in  which  at  a  later  period  aU 
difference  between  the  membrane  and  contents  disappears,— for  instance,  tJie 
elements  of  the  smooth  muscles  of  the  higher  animals."    ^Tnch  of  these  two 
possible  conditions  obtains  in  the  Ehizopods,  he  cannot  undertake  to  say,  but 
would  remark  "  that  their  other  relations  are  not  opposed  to  the  notion  tJiat 
they  maybe  simple  ceUs,— such  as  their  structureless  homogeneous  contents 
their  contractility,  and  the  vacuoles  wHch  occiu-  in  them,  resembhng  m  all 
respects  the  contents  of  the  body  of  imiceUular  Infisona.    So,  likewise,  tne 
simplicity  of  their  form  and  mode  of  taking  food,  so  closely  resembhng  the 
way  in  which  Infusoria  introduce  a  morsel  into  their  pai'enchyma._  Lertainlj 
the  presence  of  a  ceU-membrane  is  scarcely  reconcUcable  with  the  circumstance 
that  the  body  is  capable  of  admitting  a  morsel  of  food  at  any  part  ot  the  sur- 
face •  but  in  one  point  of  view  it  is  not  indispensably  neccssaiy  to  assume 
that' such  exists  in  the  fully-developed  Actinophrys,  and  in  another  it  is  b> 
no  means  wonderfid  that  a  membrane,  in  consistence  almost  the  same  as  the 
rest  of  the  parenchyma,  should  be  capable  of  being  torn  and  of  reuniting. 
It  is  therefore,  he  concludes,  best  to  consider  the  Ehizopoda  simple,  althougli 
modified,  cells,  especiaUy  since  there  is  little  else  to  be  made  of  them  It 
cannot  be  admitted  that  they  consist  of  a,  whole  aggregation  of  celLs    and  as 
Httle  is  it  to  be  supposed  that  they  are  simply  a  mass  of  animal  matter  with- 
out ft  rther  distinction-as  it  were,  independent  U^ang  ^^U-contents.  And 
Z  k    can  this  opinion  be  entertained,  because  '<  cells  are  the  elemental  n 
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parts  of  the  higher  animals  and  plants,  and  the  unicellular  condition  the 
simplest  form  in  the  animal  kingdom."  The  existence  of  an  investing  mem- 
brane in  the  Ehizopoda  he  finally  considers  probable. 

The  arguments  here  quoted  fi-om  KoUiker's  paper  on  Actimphrys,  have  been 
examined  by  several  later  -writers,  and  have  had  their  defects  pointed  out. 
Perty  declares  himself  opposed  to  the  cell-theory  since  Ehizopoda  are  want- 
ing the  essentials  of  the  cell-nucleus  and  cell-wall ;  and  the  hypothesis  cannot 
be  applied  to  animals  composed  not  of  cells,  but  of  an  amorphous  primitive 
substance. 

M.  Claparede  attacks  KoUiker's  arguments  in  detail.  The  question  raised, 
whether  the  niicleus  and  membrane  may  not  disappear  in  the  eoiu'se  of 
growth,  he  answers  by  another  query — "  We  may  conceive  the  possibility  of 
this  ;  but  where  do  we  find  any  proof  of  it  ?  " — and  proceeds  to  remark  his  own 
failiu-e,  and  that  of  Ehrenberg  and  of  most  others,  to  discover  a  nucleus,  even 
in  very  small  animals,  and  after  treating  them  with  dilute  acetic  acid.  "  The 
supposition,  that  Actimphrys  and  other  Ehizopoda  pass  through  a  jDrevious 
cellulai-  condition,  has  consequently  no  foimdation  in  fact."  He  cannot  agree 
with  KoHiJver,  that  of  the  three  parts  of  a  cell — the  nucleus,  membrane,  and 
contents — two  "  may  be  deficient, — that  for  example,  we  may  attribute  the 
signification  of  a  cell  to  the  contents  remaining  alone  and  contained  in 
nothing ....  If,  therefore,  with  KoUiker,  we  regard  the  Ehizopoda  as  a  class 
of  imiceUular  animals,  the  organisms  which  it  includes  will  be  principally 
distinguished  by  their  having  nothing  to  do  with  cells,  as  they  consist  of  a 
shapeless  mass  of  a  structureless  homogeneous  substance." 

M.  Claparede  next  subjects  to  examination  the  argiunent  for  the  cell-nature 
of  Ehizopoda  deduced  from  analogy  with  Cihated  Protozoa,  which  KoEiker 
takes  for  granted  to  be  uniceUulax  organisms.  This  assumption,  and  conse- 
quently the  analogy  dependent  on  it,  are  shown  to  be  erroneous ;  and  then 
the  writer  goes  on  to  say  that,  "  even  if  we  admitted  that  Actinophrys  was 
the  equivalent  of  a  ceU,  it  would  still  not  be  unicelliilar,  inasmuch  as  an 
endogenous  cell-production  has  taken  place  in  it.  The  contractile  vesicle  is 
nothing  but  a  cell"  invested  by  a  membrane  ;  and  this  being  the  case,  the 
existence  of  such  a  membrane  in  other  Cihated  Protozoa  becomes  all  the  more 
probable.  "  KoUiker  himself  supposes  that  the  contractile  vesicle,  when  pre- 
sent, is  the  equivalent  of  a  ceU-membrane  ;  and  with  the  proof  of  the  exist- 
ence of  such  (an  endogenous)  formation  in  Actinoj)hrys,  his  hypothesis  of  the 
umceUular  constitution  of  the  animal  consequently  falls  to  the  ground." 
Leuckart  has  also  briefly  argued  against  the  cell-theory  of  Ehizopoda ;  but 
as  no  novel  views  are  taken  of  the  question,  we  shaU  not  quote  his  remarks 
Our  own  opmion  is,  that  to  insist  upon  the  unicellular  nature  of  Ehizopoda 
and  of  other  Infusoria  is  to  Umit  the  operations  of  natm-e,  in  the  manifesta- 
tion of  ammal  hfe,  to  one  sort  of  mechanism,  as  though  Ufe  could  not  be 
exhibited  except  by  an  organic  substance  enveloped  by  a  membrane  and 
enclosing  a  nucleus.  Eeasoning  by  analogy  should  teach  us  differently  •  for 
every^vhere  m  the  animal  series  do  we  see  types  or  grades  of  organization 
progressively  developed  from  their  simplest  to  a  more  or  less  eompHcated 
nfS''«-'''l        r  ^5^^°^  many  different  plans  she  can 

Lllustration  of  this  fact,  an  example  of  the  establishment  of  independent 
animahty  in  pnmordial  animal  matter,  and,  as  in  the  case  of  the  multilocular 
Fo/yihalamm,  of  the  possible  extent  of  development  tliis  simple  type  may 
element?"^     '         separation  or  addition  of  any  other  definite  stn.ctmi 

If  Schneider's  reseai-chcs  be  confirmed,  wc  must  admit  several  Eliizopoda 
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to  be  possessed  of  a  nucleus.  On  the  other  hand,  a  large  number  of  species 
are  able  to  produce  new  individuals  by  the  mere  detachment  of  a  portion  of 
their  sarcode  substance, — an  act  in  wliich  no  nucleus  is  concerned,  whereas 
in  cell-propagation  by  fission  a  preparatory  section  of  the  nucleus  appears  a 
necessary  process.  In  the  Ehizopoda,  therefore,  we  may  conclude  that,  in 
the  language  of  Professor  Owen,  "  the  spermatic  force  "  is  diffused  through- 
out their  entire  substance,  and  not,  as  it  were,  concentrated  ia  a  particular 
organ  or  nucleus. 

The  question  respecting  the  nature  of  the  many-chambered  Foraminifera, 
whether  they  are  to  be  considered  single  iadividuals  or  colonies  of  animals,  is 
elaborately  examined  by  Schultze,  who  comes  to  the  conclusion  that  the 
inhabitant  of  each  shell  is  a  single  animal.  Ehrenberg  is  the  supporter  of 
the  opposite  view ;  but  Schultze  shows  that  several  structui-al  details  given 
by  him,  upon  which  the  colony-theory  is  partly  established,  are  erroneous, 
and  that  it  is  one  common  connected  substance  which  occupies  each  and  every 
chamber.  Prof.  Williamson  {T.  M.  S.  1851)  has  the  foUo-\ving  pertinent 
observation  on  this  colony-theory.  Speaking  of  the  OrhicuUna  adunca,  he 
says — "  The  attempt  to  isolate  the  various  portions,  and  to  raise  each  portion 
to  the  rank  of  an  iadividual  animal,  even  in  the  limited  sense  iu  which  we 
should  admit  such  a  distraction  in  the  polypes  of  a  Sertularia  or  of  a  Gorgonia, 
appears  to  me  wholly  inadmissible."  Moreover,  the  soft-structures  being 
devoid  of  visible  organization,  "  the  whole  animal  wiU.  be  veiy  httle  raised 
above  the  Polypifera,  only  possessing  a  symmetrical  calcareous  skeleton, 
which  is  at  once  both  external  and  internal"  {i.  e.  the  Porifera). 

Of  the  Affinities  op  Ehizopoda. — That  the  Ehizopoda  constitute  a  class 
of  animalcules  distinct  from  every  other  is  evidenced  by  their  characteristic 
vital  structure  and  phenomena,  their  power  of  producing  their  like,  their 
growth,  their  faculty  of  digesting  and  appropriating  nutrient  matters,  and  by 
the  ascending  stages  of  development  seen  among  them,  advancing  from  the 
simple  Amoeba  to  the  compound  testaceous  Cristellaria  and  Polystomellu. 

In  the  nature  of  their  animal  portion  they  resemble  Ciliated  Protozoa ;  it  con- 
tains similar  vacuolse  and  granules,  and  also  a  contractile  vesicle.  On  the  other 
hand,  they  differ  from  them  in  having  no  definite  outline  to  the  animal  tissue 
bounded  by  a  limiting  membrane  or  integument,  and  particularly  in  possess- 
ing no  cilia,  which,  as  locomotive  organs,  are  replaced  by  the  peculiar  and 
characteristic  pseudopodes.  In  variability  of  outline  an  approach  is  made  to 
Ehizopoda  by  some  genera  of  the  heterogeneous  fanuly,  Eiwhelia  of  Ehrenberg ; 
but  they  never  exhibit  any  such  changeable  character  as  the  surface  of  the 
former,  never  protrude  similar  variable  processes,  nor  present  a  cii-culation 
of  granules.  The  Dinohryina  might  perhaps  be  cited  as  affording  an  example 
of  a  considerable  variability  of  form ;  but  oiu-  knowledge  of  this  famHy  is  too 
incomplete  to  render  analogies  based  on  it  of  value. 

The  afiuiity  between  Ehizopoda  and  Phytozoa  is  no  closer.  Some  of  the 
latter  can  greatly  modify  their  form  in  moving  ;  but  in  none  does  this  partake 
of  the  character  and  extent  of  the  variability  exhibited  by  Ehizopods.  More- 
over in  none  are  variable  processes  foimd,  but  in  general  one  or  more  elon- 
gated cilia  or  filaments,  which,  by  their  undulation,  serve  as  the  piincipal  organs 
of  locomotion. 

Between  the  Testaceous  Ehizopoda  and  Ciliated  Protozoa  the  alhance  is  even 
less  evident ;  for  in  none  of  the  latter  do  wc  meet  mth  shells  like  those  of  the 
former  and  in  none  is  the  relation  between  a  lorica  and  its  contents  corro- 
enondent  to  that  of  the  shell  and  sarcode  substance  of  Ehizopoda.  It  has 
already  been  noted  that  the  distinction  between  the  two  classes  of  Protozoa 
founded  on  the  siHcious  character  of  the  sheUs  or  lorica)  of  the  CiHated,  and 
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the  calcareous  nature  of  those  of  the  Pseudopodous  class,  is  not  in  accordance 
with  fact ;  for  although  aU,  or  almost  aU,  Pohjtlialamia  have  calcareous  shells, 
yet  the  flexible  lorica3  of  many  Monothalamia  are  chitinous,  just  as  those  of 
loricated  Ciliata. 

In  the  presumed  fact  of  the  shells  of  Arcellina  being  sihcious,  Ehi'enhcrg 
discovered  a  relation  between  that  family  and  the  Bacillaria.  This  affinity  ho 
traced  stiU  further ;  for,  when  describing  the  genus  Cyphidium,  he  remarked 
— "  It  forms  a  connecting  group  between  Arcella  and  Bacillaria,  by  reason  of 
the  simple  locomotive  organ  (lite  a  snail's  foot),  and  approaches  very  closely 
to  the  group  Desmidiece."  However,  even  if  he  be  right  as  to  the  single  un- 
divided process  of  Cyjpliidiuni,  the  presence  of  any  extended  foot  or  pedal 
organ  fi'om  the  silicious  fronds  of  Bacillaria,  whether  Diatomece  or  Desmidiece, 
is  not  now  admitted  by  any  naturalist. 

If  Stein's  observations  and  opinions  be  correct,  an  indirect  relationship 
actually  exists  between  Ciliated  Protozoa  and  Ehizopoda;  for  that  pains- 
taking observer  has  convinced  himself  that  the  Vorticellina,  by  ulterior  de- 
velopment, become  transformed  iato  Acineta-\ikQ  or  Actinophxyean  organisms, 
of  the  intimate  affinity  of  which  no  doubt  can  be  raised.  The  questions 
raised  by  this  apparent  transformation  do  not  requii'e  discussion  here,  since 
they  are  fiilly  entered  upon  in  the  history  of  the  Ciliata,  and  in  that  of  the 
Acinetina,  considered  as  a  subclass  of  Ehizopoda. 

Another  aUiance  was  formerly  assigned  to  the  Multilocular  Ehizopoda,  viz; 
with  the  Cephalapoda,  of  which  they  were  treated  as  a  subdivision.  This 
association  was  suggested,  by  the  Nautilus-^ike  form  of  some  genera,  to  the 
earliest  observers  of  the  Foraminifera — Beccarius  in  1731,  and  Plancus  in 
1739 ;  and  the  error  was  perpetuated  by  D'Orbigny  ia  1826.  Dujai'din  has 
the  great  merit  of  first  combating  this  mistaken  opinion,  and  of  pointing  out 
the  extremely  simple  nature  of  their  contents,  and  their  true  affinity  with  the 
simple  Amcebce. 

Several  naturalists,  and  among  them  M.  de  Quatrefages,  have  classed  the 
compai-atively  large  Noctilucce  with  the  Ehizopoda.  But  direct  observation 
seems  to  show  that,  although  in  a  few  particulars  a  likeness  obtains,  yet 
the  sum  of  the  differences  greatly  surpasses  that  of  the  resemblances.  'The 
Noctilucoi  show  a  more  complex  organization ;  they  have  an  integument  com- 
posed of  two  layers,  an  evident  mouth  and  gastric  cavity  with  appendao-es 
and  motile  filaments,  but  no  variable  processes.  °  ' 

A  striking  general  resemblance  subsists  between  the  ISTaked  Ehizopoda— 
Amcebce— the  hke  isolated  individuals  and  the  germs  of  freshwater  Spono-es 
or  Spongillce,  which  Mr.  Carter  has  named  Proteans  (XXI.  5  a  h  c)  The 
resemblances  are  weU  conveyed  in  the  foUowing  quotation  from  Mr  Carter's 
paper:—"  A  ragged  portion  torn  off  with  a  needle,  wiU  be  seen  graduallv  to 
assume  a  spheroidal  form ;  and  if  there  be  a  spiculum,  it  wiE  embrace  it  Avithin 
Its  substance.  It  may  even  be  seen  to  approach  it,  and  it  may  bear  away  the 
spiculmn  having,  as  it  were  spit  itself  upon  it.  On  its  circumference  .fiE  be 
observed  httle  papillae,  which  graduaUy  vary  theii-  form,  extending  and  retract- 
mg  themselves^  untd  one  of  them  may  be  seen  to  detach  itself  from  the  parent 
mass  and  go  off  to  another  object.  This  Uttle  animal,  one  of  the  group  whiS 
It  has  left,  may  remam  stationary  on  the  second  object,  or  dLccnd  to  he 
r"oSa^of  nolw"T\-i  progress  aU  forms  that'can'be  imagined,  sphe- 
SnSnrifS/f.?  V^'^^f  ^^^F  "PP^'-^'-^  capable  of  ex- 

htti^sis  rtL  i  '  t^^^^^l^J, attenuated  prolongation  .  !!  .  These  transparent 
n,P  gcmmules  of  Grant  and  Hogg)  are  sometimes  fiUed  witli  green 

matter.  1  hey  appear  to  be  able  to  adapt  themselves  to  any  form  that  may 
be  convenient  for  them  to  assume;  and  when  forcibly  separated  from  each 


236 


GENERAL  HISTOEY  OF  THE  INFUSOEIA. 


other  (by  tearing  to  i)ieces  a  minuto  portion  of  the  sponge  \inder  water  in  a 
-watch-glass),  the  isolated  individuals  may  be  seen  to  approach  each  other, 
and  apply  themselves  together  in  twos  and  threes,  &c.  and  so  on,  until,  from 
a  particle  only  discernible  by  the  microscope,  they  assimie  the  form  of  an 
aggregate  mass  visible  to  the  naked  eye  ;  and  such  a  portion,  growing  and 
multiplying,  might  ultimately  reach  the  size  of  the  largest  masses  adliering 
to  the  sides'  of  the  tauks  at  Bombay.  They  appear  to  belong  to  the  genus 
J.mce6a  of  Ehrenberg." 

These  changeable  globules  Mr.  Carter,  in  the  subsequent  part  of  his 
paper,  designates  Proteans,  and  states  that  they  commonly  resemble  the  Pro- 
teus ciiffluens  (Miiller).  ("  Notes  of  the  species,  &c.  of  the  Fresh-water  Sponges 
of  Bombay,"  Trans.  Med.  and  Phijs.  Society,  Bombay,  1847.  Appendix.) 

In  his  more  recent  contribution  on  the  freshwater  Sponges,  Mr.  Carter 
describes  ceUs,  capable  of  greatly  and  rapidly  changing  their  form,  endowed 
with  considerable  motile  powers,  and  furnished  each  with  an  undulating 
locomotive  filament  (XXI.  5).  These  organisms  he  considers  to  be  zoospenns, 
or  the  spermatozoa  of  Sponcjilla.  Speaking  of  one,  he  says—"  When  its 
power  of  progression  and  motion  (of  a  serpentine  creeping  character)  begias 
to  fail,  and  if  separated  from  other  fragments,  it  soon  becomes  stationary,  and, 
after  a  littie  polymorphism,  assumes  its  natural  passive  form,  which  is  that  of 
a  spherical  ceU.  Duiing  this  time  the  motions  of  the  tail  become  more  and 
more  languid,  and  at  length  cease  altogether."  On  the  other  hand,  it  may 
attach  itself  to  some  fi-agmeut,  or  to  another  ceU,  and  "  become  ludistmgmsh- 
able  fi-om  the  common  mass ;  and  the  taH,  floating  and  undulating  outwards, 
is  all  that  remains  visible."  In  these  stractiires  there  is,  therefore,  polymor- 
pHsm  as  in  Ehizopoda,  but  no  actiial  extrusion  of  pseudopodes ;  and  the  points 
of  ao-reement,  after  aU,  are  really  accidental,  and  not  demonstiative  of  a 
structural  afanity.  In  them  we  have  reproductive  germs,  which  coalesce  and 
disappear  as  independent  existences,  whilst  in  the  case  of  ^mcefta  each  speci- 
men is  an  independent  individual,  and  is  never  seen  to  coalesce  with  others 
into  a  common  or  sponge-like  mass.  .         a  i 

Duiardin  devoted  a  couple  of  pages  to  speak  of  this  afSnity  between  Amoeba: 
and  Sponges  ;  and  Perty  even  goes  so  far  as  to  make  the  latter  a  tlm-d  class  of 
the  Ehizopoda,  intermediate  between  Arcellma  and  Ama;bina,  on  account  ot 
the  calcareous,  silicious,  or  horny  spicula  wHch  occur  in  then-  compound 
mass,  and  constitiite  a  sort  of  skeleton.  j?  ,i     <  j. 

The  affinity  with  Sponges  is  traceable  even  m  the  case  of  the  testaceous 
Polvthalamia,  as  Prof.  Williamson  pointed  out  in  1848,  and  m  a  subsequent 
memoir  in  1851  (Trans.  Mic.  Soc.)  thus  enters  on  the  question  :— "  Looking  at 
the  structure  of  the  sheU  of  the  Orbimlma  adunca,  and  especiaUy  at  the  large 
orifices  wHch  commimicate  between  its  various  cavities,  we  cannot  tail  to 
observe  that  it  is  a  reticulated  calcareous  skeleton,  whose  proportionate  rela- 
tion to  the  size  of  the  soft  animal  has  differed  but  little  from  that  of  the 
siliceo-keratose  network  of  many  Sponges  to  the  slimy  substance  yath  wluch 

^^So  Dr  Cal-penttr  (Proc.  Boy.  Soc.  1855),  in  his  critical  examination  of  Orbito- 
lites  "places  that  genus  among  the  lowest  forms  of  Forannnifera,  and  con- 
siders that  it  approximates  closely  to  Sponges,  some  of  which  have  skeletons 
r,ot  verv  unlike  the  calcareous  network  wHch  intervenes  between  its  flesliy 
iLents  "  With  respect  to  this  idea  of  Dr.  Carpenter,  that  they  are  allied 
tXoBges,  Mr.  JeflxeVs  (same  journal)  would  remark  "  that  Polyst.m.Ua 
■S,  bS  its  neripheiT  set  roimd  at  each  segment  with  sihcious  spicula,  like 
SJiowels  a  s^u-.  "^But  as  there  is  only  one  terminal  cell,  which  is  con- 
nected with  all  the  others  in  the  interior  by  one  or  more  opemngs  for  the 
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pseudopodes,  tlie  analogy  is  not  complete,  this  being  a  solitary,  and  the  Sponge 
a  compound  or  aggregate,  animal."  In  a  previous  page  the  theory  of  Ehren- 
berg,  that  the  Foraminifera  are  compound  or  aggregate  animals,  has  been 
referred  to.  It  was  on  this  hypothesis  that  he  assiuned  their  affinity  Avith 
Polypes — with  Mustrai  and  Biyozoa,  at  the  head  of  which  he  arranged  them. 
This  association,  lUce  the  hypothesis  it  rests  upon,  is  imtenable.  In  his 
work  on  the  Foraminifera  of  the  Vienna  basin,  M.  D'Orbig-ny  assigned  a 
position  to  these  animals  as  an  iudependent  class  between  Echinodenns  and 
Polypes,  which,  fi-om  the  present  knowledge  of  the  structui'e  and  reproduc- 
tion of  those  classes,  we  cannot  suppose  he  would  seek  to  maintain. 

CiASSOTCATiON  OF  Ehizopoda. — The  first  division  of  Ehizopoda  that  suggests 
itself  is  into  naked  and  testaceous  forms,  or,  as  Ehi-enberg  would  say,  into 
illoricated  and  loricated.  The  naked  forms  constitute  the  family  AmoeUna, 
represented  by  the  single  genus  Amoeba. 

The  determination  of  specific  characters  in  this  family  is  attended  by  almost 
insurmountable  difficulties,  and  can  only  be  unsatisfactory,  by  reason  of  the 
absence  of  any  definite  figm-e,  and  of  determinate  organs  or  parts.  More- 
over the  semifluid  body  of  any  one  presumed  species  must  be  much  influenced 
by  external  causes,  and  in  some  measm-e  by  the  matters  which  may  have 
entered  into  its  substance ;  and  the  like  causes  will  doubtless  operate  by 
modifying  the  outline,  dimensions,  and  number  of  the  processes.  Among 
such  causes  the  density  of  the  hquid  in  which  they  Kve,  and  the  quantity  of 
organic  matter  contained  In  it,  may  be  particularly  mentioned.  Claparede 
remarks—"  It  appears  abnost  absurd  to  attempt  the  distinction  of  species 
amongst  the  AnmbcB  until  we  know  something  more  of  their  intimate 
organization.  Thus  Ehrenberg's  A.  radiosa  is  characterized  by  the  regularity 
of  its  processes,  and  its  generaUy  steUate  form  when  at  rest ;  but  when  the 
creature  creeps,  it  slowly  expands  and  the  pecuHar  outline  disappears  •  it 
Jiows  along  like  a  cloudy  veil  or  drop  of  oU,  and  A.  radiosa  has  become  converted 
into  A.  diffluem."  Yet,  this  author  afterwards  goes  on  to  say— "even  the 
changeable  Amoehw  have  theii-  typical  forms,  such  as  the  stellate  and  globu- 
lar. Other  grounds  of  specific  distinction  (of  no  veiy  certain  value,  indeed) 
are  found  m  the  shape,  length,  and  mode  of  termination  of  the  variable  pro- 
bekS  ''''  ''''''  ^'"^■'P^'^^'^y'  activity,  and  habitats  of  these 

The  Testaceous  Ehizopoda  natui^ally  faU  into  two  gTonps,— one  distinguished 
by  having  a  unilocular,  the  other  a  mnltilocular,  sheU-the  former  caUed,  by 
f«>chultze,  Monothalamia,  the  latter,  Polythalamia  or  Foraminifera.  These 
grand  divisions  have  been  recognized  by  eveiy  naturalist ;  but  some  have  been 
led,  fiom  givmg  importance  to  other  pai'ticulars,  to  arrange  differently  cer- 
tain genera,  or  otherwise,  to  detach  some  as  additional  famihes.  ^ 
o^  mLdSrj'/T''^n\^^' ^  hypothesis,  and  satisfied  in  his 

ZeTs^d  1  in?,  otl    '  «r  two  other  monolocular  genera 

possessed  a  series  of  stomachs  and  other  organs  like  other  Polvgastria  united 
those  genera  mto  a  family  which  he  caUed  ArcelUna.    This  detSmeni  oTone 

srLTe;Snt:Yt7^^^^ 

ported  by  facts.    ''^'■"^''^^^ ^^^"^         ho  finds  no  imitators,  and  is  unsup- 

as^e'of  Ss^'tT'^-'?  t^'^.  r.-'^""^^^'^^^'  ^^^^^^^^  Ehizopoda 

llZnoltX     Tht  ''P"^-^t^<i      roraminifera,  and  named 

mi^r  tteSe  of  M  '  ''J^'^'^^  equivalent  to  that  framed  by  Ehrenberg, 
S  a  p^°''°r  «°'^P^-«l^«'^d  the  genera  Gromia,  Orhuli^S., 

ana  UmUma,~t,  term  subsequently  borrowed  by  Siebold.  but  extended  by  bin 
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SO  as  to  include  not  only  the  particular  genera  enumerated,  but  also  the^ 
families  Ammhce  and  ArcelUna  of  that  naturalist. 

The  term  Monothalamia  contrasts  well  with  that  of  Polythalamia,  expresses 
the  fact,  and  involves  no  hypothesis  as  do  Ehrcnberg's  words  Monosomatia 
and  Polysomatia,  which  are  founded  on  his  belief  ia  the  colony-like  aggrega- 
tion of  several  individuals  within  a  Foraminiferous  shell. 

The  Monothalamia  of  Schultze  (as  before  remarked)  do  not  precisely  cor- 
respond with  the  one-ceUed  group  of  either  of  the  other  authors  named  ;  for, 
besides  the  Monostegia  of  D'Orbigny,  it  comprehends  the  ArcelUna  of  Ehren- 
berg  and  a  few  other  new  genera.  The  groupings  and  relations  of  the  several 
species  are  represented  ia  the  appended  table  exhibiting  Schultze's  system. 

In  the  classification  of  the  Monothalamia  certaia  and  constant  characters  are 
deducible  from  the  shells,  whilst  those  drawn  from  the  soft  parts,  from  the 
length  or  tenuity  or  mode  of  termination  of  the  pseudopodes,  are  of  compara- 
tively secondary  importance,  and  not  to  be  relied  on  alone.    Definite  charac- 
ters are  derivable  from  the  fig-ure,  size,  composition,  sculpturing  or  appendages, 
and  coloiu-  of  the  entbe  shell,  from  the  presence  of  a  single  large  apertui-e  or 
of  many  smaU  pores,  and  from  the  form  of  the  apertrae  and  of  its  margin  ; 
consequently  it  is  in  the  sheUs  of  the  Polythalamia  that  we  must  seek  genenc 
and  specific  distinctions.  As  animals,  they  have  all  ahke  the  same  sarcode  sub- 
stance, which  extrades  similar  variable  fibres  :  hence  any  diversities  observed 
in  its  colour-  or  transparency,  in  its  contents,  or  in  the  manner  in  which  the 
processes  are  extruded  or  otherwise  comport  themselves,  serve  but  a  sub- 
ordinate purpose  in  the  scheme  of  classification.    On  the  contrary,  the  cha- 
racters of  the  sheUs  are,  withia  certain  hmits,  deternunate  and  fixed.  They 
are  derivable  from  the  figm-e,  size,  coloiu:,  and  consistence  of  the  shell ;  ti'om 
the  markings,  processes,  pores,  and  slits  occupying  its  sui-face;  from  the 
relative  position  and  figiu-e  of  the  several  chambers;  from  the  mode  and 
deo-ree  of  their  connexion  ;  and  from  the  presence  or  absence  of  large  apertures 
in°company  with  the  usual  foramina;  and  last,  not  least,  from  the  mtimate 
structure  of  the  shell.    Dujardin  recognized  the  value  of  the  sheUs  to  supply 
the  basis  of  a  classification  of  the  Ehizopoda  ;  but  he  had  recom-se  to  the  foiTU 
of  the  variable  expansions  to  make  his  primary  division  «  although    as  he 
remarks,  "  it  has  no  absolute  value."    He  arranged  all  the  Rhizopoda  with 
the  exception  of  the  Am(eh(B  (which  he  treats  as  a  distinct  family),  mto  two 
sections,— one  having  a  single  unilocular  shell  with  a  single  lai-ge  aperture  ; 
the  other  a  foraminiferous  compound  sheU,  or  one  havmg  several  aggregated 
chambers,  each  with  a  simple  orifice,  as  represented  by  the  tnbe  Mihola.  it 
is  in  the  subdivision  of  these  sections  that  he  employs  characters  derived  fr-om 
the  variable  processes.  Thus  he  separates  the  first  into-1.  those  ammals  pro- 
vided with  short  andtHck  processes  rounded  at  the  extremities,  viz.  i;#M^7^« 
and  Arcella ;  and  2.  into  those  having  filiform  expansions  acutely  di'awn  out 
at  the  ends.    The  latter  division  is  more  largely  repi-esented  ;  and  he  separates 
its  numerous  species  into  three  tribes,  viz.  with  a  lateral  orifice; 

Eualvpha,  with  a  tuberculated  or  areolated  sheU  and  few  simple  expansions ; 
and  4omm,  with  a  membranous  spheroidal  sheU  and  expansions,  thick  at 
Jhe  base,  but  veiy  long  and  branching.  He  has  not  attempted  the  classifica- 
tion of  the  whole  of  the  Foraminifera,  but  restricted  his  account  to  some  few 
p-pnera  which  he  has  found  in  a  hving  condition.  ,        7   ,  • 

^  D'OrbioTiy  instituted  five  orders  of  the  Polythalamia,  viz.-l  StMegm 
h.^r^the  ceUs  arranged  one  above  another  in  a  straight  or  shghtly-curved 
\S^%  HTolJia^yit^.cell^  disposed  spii-ally  ai.und  an  axrs;  3.  ^  0- 
TnjJa  havin-  the  chambers  alternating  and  coiled  spu-ally ;  4.  Enallo- 
r;-r^th Ternati^  but  not  spirally-chsposed  chambers  ;  5.  Agafh^steg^a, 
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ha\ing  the  cells  spii-ally  arranged,  but  each  one  occupying  only  one-half  the 
circuit. 

The  three  sections  proposed  by  Schultze  are — 1.  shells  disposed  in  recti- 
lineal- series  or  in  a  slightly-curved  line,  Bhabdoidea ;  2.  those  coiled  in  a 
spiral,  Helicoidea ;  3.  those  irregTilarly  aggregated,  Soroidea.  The  &st  of 
these  corresponds  to  the  Sticliostegia  of  D'Orbigny ;  the  second  includes  aU 
the  remaining  orders  of  that  wi'iter ;  whilst  the  third  section  is  represented 
by  a  small  number  of  species,  previously  immentioned,  which  Schultze  unites 
in  the  genus  Acervidina. 

What  structural  peculiarities  should  be  employed  to  determine  species,  is  a 
question  now  much  mooted  with  respect  to  the  Foraminifera.    In  reference 
to  this  subject.  Dr.  Carpenter  (in  the  annual  address  at  the  Microscopic  So- 
ciety, Feb.  1855)  observed  "  that  a  large  proportion  of  the  species,  and  even 
of  the  genera,  which  have  been  distingxdshed  by  systematists,  and  especially 
by  M.^  D'Orbigny,  have  no  real  existence,  beiug  nothing  else  than  individual 
varieties."    This  error  is  at  once  accounted  for  by  M.  D'Orbigny's  mode  of 
proceechng  (as  stated)  :  "  for  that,  in  examining  any  new  collection,  he  set 
an  assistant  to  pick  out  the  most  divergent  forms,  and  then  described  all  that 
might  prove  new  to  him  as  distinct  species,  without  troubling  himself  in  the 
least  about  those  connecting  Hnks,  the  existence  of  which  should  have  at  once 
convinced  him  that  he  was  following  an  altogether  wrong  method.  Through- 
out the  whole  of  his  laboiirs  on  the  group,  in  fact,  I  find  the  influence  of  the 
erroneous  ideas  which  he  originally  entertained  with  regard  to  the  nature  of 
the  animal  of  the  Foraminifera ;  for  in  the  formation  of  his  orders,  as  well 
as  of  his  genera  and  species,  he  has  proceeded  as  if  the  characters  of  the  tes- 
taceous skeleton  were  of  the  same  distinctive  value  when  its  construction  is 
due  merely  to  the  soHdiflcation  of  the  surface  of  a  minute  fi-agment  of  animal 
jelly,  which  is  subject  to  an  almost  indefinite  variation  both  in  size  and  in 
shape,  as  when  it  belongs  to  a  moUusk  of  high  organization,  the  plan  of 
whose  conformation  is  definitely  fixed  When  a  coUection  is  brought  to- 
gether containing  large  numbers  of  individuals  of  one  generic  type,  which 
appear,  however,  to  belong  to  several  distinct  species,  it  very  commonly  hap- 
pens that,  although  it  would  be  easy  to  make  6,  8,  12,  or  20  species  by 
selecting  the  most  divergent  forms,  yet,  when  the  attempt  is  made  to  sort 
the  entire  coUeetion  under  these  tj^es,  only  a  part  of  it  can  be  unhesitatingly 
arranged  around  them  as  centres,  the  remainder  being  transitional  or  inter- 
mediate forms,  for  which  another  set  of  species  must  be  made,  if  the  piinciple 
oi  separation  be  once  adopted.    In  fact,  to  such  an  extent  does  individual 
variation  often  go,  that  (as  in  the  case  of  the  human  race)  no  two  specimens 
axe  precisely  ahke,  and  there  is  no  satisfactory  medium  between  grouping 
L  maSeTttyab^y''                """"^  "'''^''"'^  ''''''^  individual  a  spectes,  which 
The  eiTor  of  D'Orbigny  has  not  escaped  Schultze's  notice ;  for  in  his  chapter 
on  classification  he  has  repeatedly  pointed  out  the  insufficiency  of  the  cSac- 

(So^h  U^^L  fk  '  separation  of  the  Sticlwsteqia 

S^S^i  of  Se  a"^^^^^^  equilateral  or  inequilateral  con- 

hv^rbil^v  to  L  rt^l  he  remarks  that  the  variations  elevated 

Sies  m  SZlh  Jll  }  w  P'?^  distinctions  are  merely  accidental  divei- 
trey^mlle^oo^^K  i  ^^^'^^^^^  '^^'^  intermediate  variety.  Hence, 
Sto  one-™  ^.T""'^  Tri^oculi,^a  and  QuirvquehnaiL  (D'Orb. 

Si  ™  O  /  f  rf T^*^'  Or&,7o,Vfe  and  Orhitrdina  (D'Orl,.)  into  a 
S^frZ  l   f  n     ^.""'T'  illustrations  might  be  adduced,  for 

instance,  the  family  NautMce  ;  but  it  is  unnecessary  to  midtiply  them.  It 
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is  only  fair,  however,  to  state  that  D'Orbigny  is  not  alone  guilty  of  unduly 
manufacturing  species,  but  that  Ehrenberg,  Reuss,  and  others  are  equaUy 
involved  in  the  fault,  which,  by  the  way,  is  one  almost  inseparable,  and 
therefore  veiy  excusable,  in  the  case  of  the  fu-st  observers  and  systematists  ot 
any  newly-discovered  group  of  organic  beings.  _ 

Ml-  Je&eys  (Proc.  Boy.  Soc.  1855)  deplores  the  multiplication  of  species 
and  genera  in  the  present  day,  and  observes  that "  the  Foraminifera  exhibit  s 
c-reat  tendency  to  variation  of  form,  some  of  the  combinations  (especiaUy  in 
the  case  Marginulina)  being  as  compHcated  and  various  as  a  Chinese  puzzle. 
It  is  I  beheve,  undeniable,  that  the  variabiHty  of  form  is  m  an  mverse  ratio 

to  the  development  of  animals  in  the  scale  of  Nature  I  am  induced  to 

suggest  the  following  arrangement : — 

"  1.  Lagena  and  Entosolenia. 

"  2.  Nodosaria  and  Marg'mulina,  &c. 

"  3.  Vortidalis,  jRotalia,  Lobatula,  and  Glohigerina,  &c. 

"  4.  Texiularia,  Uvigerina,  &c. 

"  5.  Miliola,  Biloculina,  &c.  ,     n  ,  j 

«  This  division  must,  however,  be  modified  by  a  more  extended  and  cosmo- 
politan view  of  the  subject,  as  I  only  profess  to  treat  of  British  species,  lo 
illustrate  McLeay's  theory  of  a  quinary  and  circular  arrangement,  the  case 
may  be  put  thus : — 


«  The  fii'st  family  is  connected  by  the  typical  genus  ia^r^ra  mth  the  second 
and  by  the  Entosolenia  with  the  fifth;  the  second  is  umted  ^nth  the  thud 
through  Marginulina;  the  thii-d  with  the  fourth  through  Glohgenna;  and 
the  fourth  with  the  last  through  Uvigerina." 

We  append  a  tabular  view  of  the  groupings  into  famihes  -fS^^^!-'-^ 
proposed  by  Prof.  Schultze,  since  it  presents  the  most  complete  system  yet  p  o- 
duced!  and  advances  much  nearer  a  tnie  ai-rangemcnt  of  the  Foranumfera 
than  that  made  by  M.  D'Orbigny. 
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IIHIZOPODA. 

A.  NUDA. 
Gen.  Amoeba  (Noctiluea?). 

B.  TESTACEA. 

I.  MONOTHALAMIA. 

Testa  or  shell  one-chambered ;  animal  undivided,  having  the  same  conformation  as  the  shell. 

Fam.  1.  Lagynida. — A  sacciform,  calcareous  or  membranous,  non-porous  testa,  with  a  large 
opening. 

G-en.  Ai'cella,  Difllugia,  Trinema,  Euglypha,  Gromia,  Lagynis,  Ovulina,  Pis- 
surina,  Squamuliua. 

Fam.  2.  Orbulinida. — A  globose,  calcareous  testa,  finely  porous  tliroughout,  without  a 
large  opening. 
Gen.  Orbulina. 

Fam.  3.  Counuspirida. — A  calcai-eous  shell,  convoluted  like  that  of  a  Planorbis,  with  a 
large  opening. 
Gren.  Cornuspira. 

II.  POLYTHALASIIA. 

Shell  polythalamous  ;  the  animal  composed  of  segments,  connected  by  commissural  bands. 

1.  Group  Helicoidea. 
The  chambers  disposed  in  a  spiral. 

Fam.  4.  Miliolida. — Each  chamber  occupies  a  half-spiral,  which  is  developed  either  in 
one  plane  or  in  various  planes.    The  shell  has  only  one  large  opening 
at  the  extremity  of  the  last  spiral,  and  no  pores. 
Gen.  Uniloculina,  Biloculina,  Miliola,  Spiroloculina,  Articulina,  Spke- 
roidina,  Adelosina,  Pabularia. 

Fam.  5.  Turbinoida. — The  chambers  so  disposed  spirally  as  to  resemble  the  shell  of  Helix 
or  Tm-bo.  The  spiral  is  only  visible  on  one  side  of  the  sheU.  Some 
are  so  much  elongated  that  the  chambers  are,  as  it  were,  disposed 
alternately  in  two  contigxious  rows.  The  shell  has  a  lai-ge  opening 
in  the  last  chamber,  and  its  sm-face  is  almost  always  finely  perforated. 

Subfam.  1.  Botalida. — Shell  flattened  or  conical;  chambers  do  not  encii-ole  each 
other ;  shell  glass-like,  transparent ;  finely  perforated. 
Gen.  Kotalia,  Eosalina,  Truncatulina,  Anomalina',  Planorbulina,  Asterigerina, 
Calcarina,  Siphonina,  Planulina,  Colpopleura,  Porospira,  Aspidospira! 

Subfam.  2.  Uvellida. — Shell  in  the  form  of  a  longer  or  shorter  cluster  like  a  bunch 
of  grapes.  The  chambers  fi-equently  appear  to  almost  completely 
embrace  one  another.  SheU  usually  thick  and  coarsely  perforate 
or  solid.  ' 
Gen.  Globigerina,  Bulimina,  Uvigerina,  Guttulina,  Candeina,  Globulina, 
ChrysaUdina,  Pyi-ulina,  Clavuhna,  Polymorphina,  Dimorphina,  Ver- 
neuillma,  ChHostomella,  Allomorphina,  Ehynchospii-a,  Strophoconus, 
Grammobotrys. 

Subfam.  3.  Textilarida.~8^^ve:  so  much  produced  that  the  chambers  form  a  double 
row  and  alternate. 

Gen.  Gaudryna,  Textilaria,  Virgulina,  Vulvulina,  Sagrina,  Bigenerina  Bo- 
c-  ur       A    ^  V^emmulma,  Cuneolina,  CHdostomum,  Proroporus. 

Subfam.  4.  Cassiduhmda.~TGxi\h>si&i&  curved  once  in  a  direction  perpendicular  to 
the  origmal  spu-al. 

Gen.  Ehrenborgina,  Cassidulina. 

Fam.Q.  NAuxiLOiDA.-The  chambers  so  disposed  spiraUy  that  the  shcU  has  a  general 
resemblance  to  that  of  an  Ammonite  or  Nautilus.  Tlie  spire  is  either 
visi  ble  or,  otherwise,  concealed  on  both  sides  of  the  shell.  The  anterior 
waU  of  the  last  chamber  is  furnished  with  one  larger  or  several  smaller 

Subfam  1     rJlT^'^I '    o,  otlior  portion  of  the  shell  is  usually  finely  perforated. 

Subfam.  1.    CnsMlanda.-Shell  thick,   finely  perforate,   colourless,  transparent ; 

chambers  encircling,  with  a  large  opening  at  tlie  ujiper  angle  of  tlie 
anterior  wall  of  the  last  chamber,  wliicli  corresponds  in  position  with 
fj„„    J-'^c  comniunicating  openings  between  the  several  chambers. 

Snhr«,r,  9^  Cnstdlaria  Eobulina,  Marginulina,  Flabellina. 

Subfam.  2.  Nomonida-ShoU  thick  or  thin,  colourless,  transparent,  finely  perforate- 
cliambers  either  encircling  (imbricate)  or  not.    The  opening  is  in  tlie 
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anterior  wall  of  the  first  chamber  on  the  under  side  looking  towards 
the  penultimate  siDu-al ;  the  communicating  openings  of  the  several 
chambers  have  a  similar  position. 
Gen.  Nonionina,  Hauerina,  Orbignyna,  Tusulina,  Nummulina,  Assilina, 
Siderolina,  Amphistegina.   Operculina  and  Heterostegin a  should  pro- 
bably be  formed  into  a  special  subfamily  of  Nonionida. 
Subfam  3  Peneroplida.—ShGOa  usuaUy  thin,  always  brown,  and  transparent  with  or 
without  fine  pores  ;  the  chambers  very  narrow,  either  imbricate  or  not. 
Numerous  openings,  scattered  over  the  whole  of  the  anterior  wall  of 
the  last  chamber ;  or,  instead  of  these,  a  large  opening  produced  by 
the  coalescence  of  numerous  smaller  ones. 
Gen.  Peneroplis,  Dendritina,  Vertebralina,  Coscinospira,  Spirolina,  Lituola. 
Appended  genus,  Orbiculina. 
Subfam  4  Polvsto7neUida.— Shell  tolerably  thick,  colourless,  transparent,  finely  por- 
ous ■  chambers  imbricated;  the  anterior  waU  of  the  last  chamber 
has,'be8ides  the  fine  pores,  either  no  larger  opening  at  aU,  or  a  few 
very  small  irregular  scattered  fissures,  on  the  contrary  side  to  the 
penultimate  whorl.    The  same  appHes  to  the  septa.    On  the  surface 
of  all  the  chambers,  rows  of  fissui-e-like,  often  perforatmg,  depressions 
are  placed  at  right  angles  to  the  dii-ection  of  the  septum. 
Gen.  PolystomeUa. 

Fam  7  Alveomnida.— Globose,  ovoid,  or  barley-shaped  sheUs,  composed  of  spiral  tubes, 
j<am.  I.  iJa.vi.u  resembling  a  cornuspu-a,  and  fiirmshed  with  a  special  opening 

at  the  end  of  the  tm-n  or  spiral.  The  tubes  all  commumcate  by  con- 
necting openings,  and,  besides  this,  are  aU  subdivided  by  incomplete 
dissepiments  (partitions),  in  the  same  manner  as  species  of  JNomonma. 
The  situation  of  these  septa,  which  are  but  few  m  number,  and  of  the 
connecting  openings,  is  indicated  by  lines,  which  traverse  the  sheU  in 
the  direction  of  meridional  lines. 
Gen.  Alveolina. 

Fam  8  SoRiTiDA.-Discoid,  multiceUular  sheUs,  exhibiting  an  indication  of  a  heUcoid 
J<am.  ».  &0RIT1DA.  ^  o'niyin  the  centi-e ;  elsewhere  cycloid,  that  is,  growmg  uniformly 
at  the  whole  border  of  the  disk.  The  brown,  transparent,  finely  porous 
sheU  is  formed  of  miuute  chambers,  connected  together  m  the  du-ec- 
tion  of  straight  or  curved  radii,  and  each  presenting  a  krge  opemng 
at  the  border  of  the  disk.  ^   ,  ,•     ,  u 

Gen  Sorites,  Amphisorus,  OrbituHtes.  Appended  genus,  Cyclohna  (cham- 
bers perfectly  amiular,  with  numerous  opemngs  on  the  border  of  the 
disk). 

2.  Group  Ehabdoidba. 

The  chambers  pUed  one  on  another,  in  a  straight  or  sUghtly  curved  line,  m  a  smgle  row. 
Fam  9  NoDOSARiDA.-Eod-shaped  sheUs,  whose  chambers  are  superimposed  one  upon 
Fam.y.  ^ODOSAR  i  communicate  with  each  other  by  a  large 

opening;  a  similar  opening  in  the  last  chamber  (except  in  the 
genus  Conulina,  wliich  haB  numerous  opemiigs  mstea^  of  the  sing  e 
one).    The  shell  usually  thick,  probably  always  perforated  by  fine 

Gen  GtodX^Nodosaria,  Orthocerina,  DenteHna,  FrondiciUaria,  Lin- 
gulina,  Eimuliaa,  Vaginulina,  Webbma,  Conuhna. 

3.  Group  SoROiDEA. 
Chambers  grouped  in  irregular  masses. 

openings  at  indeterminate  places. 
Gen.  Acervulina. 

The  preceding  accomt  of  the  EHzopoda  we  beUeve  to  be  ample  to  bad  the 
student  forward  in  the  study  of  that  peculiar  class  of  animals.  Yet  with  re- 
spect to  the  division  Foraminifera  it  may  be  considered  less  complete  :  for, 
giect  to  iue      _.tention  given  of  late  to  those  beings,  eveiy  monthly  and 

^u.^t  rivtriod^  a  0^^^^^^  -ience  teems  with  fresh  facts  and  opmions 
quarterly  penooica  ^^^^^^  .^^  ^^^^ 

re^rn^hX'w-Written^  elaborate  and  critical  researches  of 


OF  THE  PROTOZOA.  ACTIKOPHRYINA.  243 


Prof.  Williamson  and  Dr.  Carpenter,  to  which  we  would  jjarticularly  refer 
the  inquirer  intent  on  following  out  his  knowledge  of  the  Foraminifera,  but 
which  both  the  dimensions  and  the  character  of  the  present  work  forbid  the 
attempt  to  condense  or  analyse  in  its  pages.  Prof.  Williamson's  work, '  On  the 
Recent  Foraminifera  of  Great  Britain,'  forms  the  volume  for  1857,  published 
by  the  Ray  Society.  Dr.  Carpenter's  learned  essays  on  the  stractui-e  of 
shells,  on  the  value  of  form  and  other  external  characters  in  generic  and  spe- 
cific groupings,  and  on  the  stmctiu-al  and  physiological  relations  of  several 
genera,  ai-e  to  be  found  in  the  '  Transactions '  and  in  the  '  Proceedings  '  of 
the  Royal  Society. 

Additional  facts  concerning  both  the  stnictui'e  and  relations  of  the  several 
groups  of  Rhizopoda  will  be  found  in  our  Systematic  History  of  them  in  Part  II. 


SUBFAMILY  OP  RHIZOPODA,  ACTINOPHRYINA. 
(Plate  XXni.  24-37.) 

This  is  a  remarkable  group  of  Protozoa,  wliich  can  take  its  place  neither 
with  Cihata  nor  strictly  with  Rhizopoda,  although  its  afSnities  with  the  latter 
are  jery  close.  Ehrenberg  attached  the  several  forms  of  this  family  with 
which  he  was  acquainted  to  his  heterogeneous  collection— the  family  Enchelia, 
and  referred  them  to  five  genera,  viz.  Actinophrys,  TricJiodiseus,  Podophrya, 
Dendrosmna,  and  Acineta.  Moreover,  according  to  his  fundamental  hypothesis, 
he  represented  them  to  have  a  mouth  and  an  anus,  an  alimentary  canal  with 
ofishoots  in  the  shape  of  stomach-vesicles,  a  sexual  gland,  and  ova.  Since 
the  Berlin  professor's  investigation  of  these  animalcules  was  made,  several 
distinguished  naturahsts  have  most  carefidly  studied  them,  and  particularly 
the  Actinophrys  Sol. 

In  GUI-  last  edition  we  named  a  genus  Alderia,  in  honour  of  Prof.  Alder  to 
distinguish  certain  organisms  described  byhim  ia  the  Annals  of  Natural  His- 
tory (1851,  vii.  p.  427).  Subsequently,  however,  that  eminent.natm-alist  wrote 
us  to  state  that  the  name  proposed  had  been  abeady  apphed  to  a  genus  in  an- 
other class  of  animals ;  and  on  fui'ther  consideration  and  reference  to  Stein's 
researches  we  were  incHned  to  renounce  their  claim  to  a  generic  independl 
ence,  and  to  consider  them  three  forms  of  Podophrya.  Dr  S  Wright  has 
however,  apparently  observed  the  same  beings  very  lately,  and  instituted  a 
new  genus,  Ephelota,  to  receive  them  {Edinh.  New  Phil.  Journ.  1858  i3  6) 

Notwithstanding  the  very  close  affinities  of  Actinophryina  and  Acinetina 

SatTer  t^S^r^™^  ^^''''''^     maiy  peculiar  forms  of 

tne  latter  that  they  deserve  a  particular  consideration 

The  history  of  the  first  family  is  veiy  faiiiy  represented  by  that  of  Actino- 

phrys  Sol,  or  of  Act  Mchormi,  both  of  which  have  been  veiy  eomp  eSy 

studied  by  Siebold,  KoUiker,  ClapaxMe,  Stein,  and  Weston.    Some  Ssi  y 

prevails  among  these  several  observers  respecting  a  few  points  inTheir  IS  nn 

ization,  which  it  ^  be  incumbent  on  us  to  notice  in  the  place  tS^ 

raoiate  tiom  all  parts  of  then-  surface  and  give  the  beings  Cto  employ  a 

^^  ^7o^r^^^^^^^  of  a  bau'^/cotlTitL: 

.tScal  Srri  *h^3°ients  have  nodular  extremities,  or,  in 

^  cotZt  &the  IT*'^  determinate,  and  in  this  'respect 

iZf  fh;  fil,  protean  changes  of  form  exhibited  by  Rhizopoda.  Not 

'that  the  figure  ,s  completely  unalterable  :  for  slight  variations  are  possible 
i  R  2 
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although  slower  than  even  those  of  Amoeba.  Stein  represents  the  usual  orbi- 
cular figiu-e  to  be  frequently  exchanged  for  a  pear-shaped,  an  oblong,  or  a 
partially  ang-ular  and  lobed  one,— varieties  dependent,  according  to  his  state- 
ments, upon  iaherent  changes  taking  place  in  connexion  with  progressive  de- 
velopmental phenomena.     The  aspect  of  the  entire  organism  is,  moreover, 
modified  from  time  to  time,  by  the  altered  length,  direction,  and  disappear- 
ance of  a  portion  of  the  filaments,  chiefly  consequent  on  the  act  of  prehension 
in.  which  they  are  engaged.  "Stein,  indeed,  represents  still  more  considerable 
modifications,  involving  the  complete  disappearance  of  tentacles  from  various 
poi-tions  of  the  sui'face,  and  the  aggregation  of  the  rest  upon  angular  emi- 
nences in  a  penieillate  manner,— an  occurrence  which  would  assimilate  still 
more  closely  the  ActiTiophryina  and  the  Acinetina.  Lastly,  the  figui-e  is  varied 
duriag  the  acts  of  self-division  and  of  conjugation,  as  wiU  be  presently  noticed 

In  colour  the  Actinophryina  are  commonly  of  a  milky-yeUow  or  greyish 
hue  the  intensity  of  which  is  determined  by  the  number  of  contaiaed  granules, 
or  in  other  words,  by  the  supply  of  nutriment.    Acetic  acid  and  cold  solution 
of  potash  remove  coloui- ;  the  latter  fluid,  when  heated  rapidly,  dissolves  the 
entii-e  mass,  and  indicates  its  niti-ogenous  natiu^e.    Obsei-vers  are  not  agreed 
on  the  point  of  the  existence  of  an  integment.    Dujardin,  Kolhker,  and  tla- 
parede  deny  it,  wHlst  Stein,  Perty,  and  Mr.  Weston  (J.  M.  S.  185G)  affii-m  it. 
presence.  Among  the  latter,  one  speaks  of  it  as  a  hyaloid  membrane ;  another 
declares  it  to  be  double,  consisting  of  a  deHcate  elastic  membrane  immediately 
investing  the  contractile  substance  of  the  animalcules,  covered  by  an  outer 
firmer  tunic.  This  statement  is  especially  made  by  Stem  of  Podoplirya,  yvhich 
is  in  his  opinion,  a  merely  stalked  variety  oi  Actimphrys,  and  mdistmguishable 
fi'om  it  even  as  a  species  (XXIII.  1,  3,  4,  5).    On  the  contrary,  Cienkowsky 
(J  M  S  1857  p  98)  remarks  that  he  could  discover  no  membrane  surround- 
ins  the  body  of  that  animalcule.    To  account  for  tHs  diversity  m  descriptive 
details,  we  must  suppose  that  the  different  authors  ^^fve^ot.^^.f  th^same 
animalcule  under  observation;  mdeed  Stem  asserts  that  Kolhker  did  not 
examine  Acti^ophrys  Sol,  as  he  supposed,  but  Act.  Eichormi.  Lieberkuhn 
likewise  suggests  that  Claparede  and  Kiilliker  have  wntten  upon  different 
species  undeTthe  same  name;  and  Stein  must,  we  ^eheve  have  committed 
a  simUar  mistake  ;  for  the  ActinopJirys  and  Podoplirya  described  by  him  differ 
in  so  many  important  particulars  from  beings  beaiing  the  same  name  m  the 
writings  of  others,  that  it  seems  impossible  they  can  be  identical  with  them. 
The  fact  seems  to  be  that  certain  Adnetoi  have  in  external  characters  so  close 
resemblance  io  Actinophryina,  that  they  may  be  mistaken  for  them  Be  this  how 
it  may  if  we  take  into  consideration  the  pecuhar  relation  of  the  tentacles  with 
the  body  theu'  movements,  and  espeeiaUy  the  mode  of  mtroducing  food  mto 
the  interior,  it  seems  quite  improbable  that  there  should  be  a  firm  mvesting 
membrane.    These  remarks,  indeed,  apply  only  to  the  usual  forms  or  phases 
of  these  beings;  for  when  an  encysting  process  Foceeds 
an  external  envelope  wiU  manifest  itself,  yet  not  without  the  saciifice  of  the 
tentacula  and  of  tL  orchnary  phenomena  of  vital  activi  y  the  mgestion  of 
food  and  the  like.   "  It  is  impossible,"  to  quote  Clapai-ede  {A.  N.  H.  1855,  xv. 

286)  "to  admit  the  existence  of  a  general  integument,  as  Actiiwphrys  c^^ 
push  out  the  mucous  or  gelatinous  matter  of  which  its  body  is  composed  ta^^e 
Fn  nourishment,  or  evacuate  the  residue  of  digestion,  from  any  pomt  of  its 
at  pleasiire."    In  this  same  observer's  opinion,  Forty's  notice  and 
surface  at  v^o^^^^^  erroneous,  the  consequence  of  optical  lUu- 

figures  of  a^apside  J^.^iate  opinion,  by  admitting  the  existence 

Tn  en^  iopCpelHc  la.  Uke  that  in  Amcela,  which,  although  not  a  sepai^blo 
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layer  or  sldn,  is  a  somewhat  firmer  or  more  condensed  tissue  than  that  sub- 
jacent. 

The  Actinophryhia  are  composed  of  a  homogeneous  elastic  sarcode,  occupied 
by  granules  in  varying  number,  and  by  vacuolse.  The  granules  are  especially 
accumulated  in  the  centre,  to  which  they  consequently  impart  a  greater  opacity 
and  deeper  coloiu-.  Hence  several  authors  have  spoken  of  a  central  medullaiy 
mass  suiToimded  by  a  clearer  cortical  lamina  (XXIII.  28,  29).  Still  there 
is  no  natiu-al  separability  into  two  such  portions ;  for  their  relative  size  varies 
according  to  the  supply  of  food  received.  Dr.  StrethiU  Wright  (in  a  letter) 
proposes  to  apply  the  unexceptionable  terms  "  endosarc  "  and  "  ectosarc  "  to 
the  medullary  and  cortical  portions  respectively.  The  contained  granules  are 
rounded,  opaque,  and,  for  the  most  part,  of  a  fatty  character.  The  granules 
ai-e  less  abundant  in  the  ectosarc ;  but  those  of  a  finer  sort  are  seen  in  smaller 
numbers  even  in  the  lower  end  of  the  filaments,  and  Lachmann  (A.  N.  H. 
1857,  xix.  p.  223)  asserts  that  he  has  seen  their  motion  there,  as  weU  as  in 
the  general  substance  of  the  body.  Mr.  "Weston  also  remarks  (op.  cit.  p._122), 
"  With  a  ith  objective  I  can  distinctly  see  granules  in  constant  motion  in  the 
body  of  the  Actinophnjs,  similar  to  those  always  found  in  the  points  of  Clos- 
iermm  Lunula."  The  vacuoles  occur  both  in  the  cortical  and  medullary 
portions,  but  are  smaller  in  the  latter,  and  they  never  penetrate  into  the 
substance  of  the  iilaments. 

At  fii-st  sight,  as  KoUiker  notices,  the  tissue  appears  delicately  cellular :  a 
closer  inspection,  however,  shows  that  this  is  not  the  case  ;  for  on  pressure 
being  made,  a  coalescence  into  larger,  or,  otherwise,  a  subdivision  into  smaller, 
areolae  is  the  consequence  (XXIII.  28,  29,  30). 

The  tentacles  or  filaments  give  to  the  Actinophryina  theii*  most  distinctive 
features.  They  are  usually  pretty  regularly  and  uniformly  distiibuted  over 
the  entire  surface,  and  in  figure  taper  from  the  base  to  the  apex,  which  is 
sui-mounted  by  a  roimded  knob.  Unlike  other  observers,  Cienkowsky  {J.  M.  S. 
1857,  p.  101)  represents  the  capitate  form  to  be  exceptional,  and  that  the 
rule  is  for  the  filaments  to  taper  like  setiE.  Dujardin,  by  the  way,  appears  to 
have  thought  the  capitate  extremities  accidental ;  for  he  describes  the  filaments 
as  often  becoming  globular  in  the  act  of  contraction.  In  smaller  specimens 
the  filaments  exceed  the  diameter  of  the  body  in  the  length,  but  in  larger 
ones  are  not  more  than  equal  to,  or  are  even  less  than,  it.  In  the  same 
species  their  number  and  position  are  tolerably  constant.  In  composition, 
the  tentacula  are  processes  given  off  from  the  sarcode  mass,  and  are  destitute 
of  an  integument,  as  proved  by  theii-  power  of  coalescence  when  approximated. 
They  are  retractile,  and  can  be  withdrawn  into  the  common  mass  ;  they  can 
also  be  directed  towai'ds  different  sides,  and  curved  upon  themselves.  Perty 
states  that  they  can  assume  so  rigid  a  condition  that  other  animalcules  some- 
times impale  themselves  upon  them  ;  this  statement  is  nevertheless  uncon- 
firmed, and,  indeed,  seems  scarcely  probable.  KoUiker  (op.  cit.  p.  31)  speaks 
of  the  filaments  as  undergoing  various  changes  of  form,  "  such  as  elongation, 

shortening,  local  swelling,  bending,  &c  It  is  especisiUy  interesting  to 

obsei-ve  that  the  filaments,  singly  or  together,  frequently  disappear  entirely, 
entering  at  last,  as  it  were,  by  continued  retraction,  into  the  substance  of  the 
body,  leaving  no  trace  of  their  former  existence ....  whether  the  filaments 
which  disappear  are  always  reproduced  in  the  same  spot  is  not  determined ; 
in  some  instances  this  chd  not  ap]iear  to  be  the  case,  altiiough  in  every 
instance  the  number  and  position  of  the  filaments  is  pretty  constant  "—unlike 
the  variable  processes  of  Amoeba.  Ehrenberg  assigned  to  the  tentacles, 
among  other  purposes,  that  of  organs  of  progression  ;  direct  observations  are, 
however,  wanting  to  prove  this  purpose,  and  both  Kolliker  and  Stein  are 
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quite  unable  to  admit  it  as  even  probable.    They  have  been  supposed  by 
several  authors  to  have  a  benumbing  effect  upon  the  prey  they  may  seize  ; 
but  this  view  is  merely  hypothetical.    "  It  is  nevertheless,"  says  Claparede 
{op.  cit.  p.  287),  "  quite  certain  that  small  animalcules  and  plants  remain 
adherent  to  them  ;  for  these  rays  are  trae  tentacles.    Indeed,  their  contact 
must  have  somethiug  veiy  unpleasant  about  it ;  for  larger  Infusoria,  even 
such  as  Paramecmm  Aurelia,  on  coming  accidentally  within  their  reach,  start 
back  with  the  greatest  rapidity,  sometimes  even  dragging  the  Actinophrys  a 
considerable  distance  with  them."  So,  again,  Weston  states — "  on  the  instant 
of  contact  with  these  tentacles,  the  victim  appears  paralysed."    Yet,  withal, 
it  seems  clear  that,  unless  actual  contact  ensue,  no  harm  attends  proximity 
to  the  formidable  prehensUe  organs ;  for  animalcules  may  frequently  be  seen 
swimming  about  unharmed  among  them.    KoUiker  rejected  the  supposition 
of  an  intrinsic  fatal  influence  existing  in  the  filaments,  which  appeared  to 
him  to  serve  only  for  retaining  the  prey  by  their-  adhesive  surface,  and  pro- 
bably to  involve  it  with  their  extremely  fine  extremities,  until  they  drew  it 
by  their  progressive  contraction  to  the  surface.    Even  after  being  seized  upon, 
an  animalcule  may  escape,  both  by  great  exertions  in  tearing  itself  away,  and 
sometimes,  as  Mr.  Weston  remarks,  by  the  act  of  the  Actinophrys,  when,  as 
it  would  seem,  its  appetite  was  "  sated,  or  the  prisoner  was  not  approved ; 
for  after  remaining  stunned  sometimes  for  a  few  seconds,  four-  or  five,  some- 
times much  longer,  ciliary  motion  (of  a  Vorticella,  for  instance)  is  feebly  com- 
menced, not  with  sufficient  energy  to  produce  motion,  but  as  if  a  return  to 
vitality  were  being  effected  by  struggles ;  shortly  it  is  seen  to  glide  off  the 
tentacle  (as  if  this  appendage  possessed  the  power  both  of  appropriation  and 
rejection),  and,  frequently  with  but  little  sign  of  recovered  life,  it  slowly  floats 
out  of  the  field."    One  function  distinctly  possessed  by  these  tentacula  is 
that  of  sensibility.    Kolliker  has  thus  well  conveyed  this  fact  (op.  cit.  p.  33) : 

 "Actinophrys  perceives  mechanical  influences,  and  reacts  upon  them  by 

movements.  This  is  proved  by  what  takes  place  when  animalcules,  &c. 
remain  affixed  to  its  tentacles,  and  moreover  by  the  circumstance  that,  when 
the  water  in  which  it  is  contained  is  carelessly  agitated,  every  Actinophrys 
conti-acts  its  tentacles  and  even  makes  them  disappear  altogether  (and, 
indeed,  with  greater  speed  than  is  otherwise  perceived  in  these  creatures), 
and  when  aU  is  quiet  they  are  again  protruded.  These  filaments,  conse- 
quently, may  just  as  well  be  called  tactile  as  prehensile ;  or  it  may  more 
generally  be  said,  that  the  substance  of  the  body  is  both  contractile  and 

sensitive."  ^-l  . 

MovEicEKTS. — ^There  is  not  much  to  be  said  respecting  the  movements  of 
the  Actinophryina ;  for  these  beings  are  even  more  sluggish  than  the  Amahcea, 
and  appear  to  change  place  rather  as  mere  passive  particles  of  matter  than  as 
Hving  animals.  Thev  may  float  Hther  and  thither  in  the  flmd  surrounding 
them,  or  rise  to  the  surface ;  but  how  this  latter  movement  is  effected  we  have 
no  data  to  show.  On  this  subject  KoUiker  has  the  following  paragraph:— 
"  Its  power  of  moving  from  place  to  place  is  indubitable  ;  for  it  was  found,  for 
instance,  that  when  a  vessel,  with  several  individuals  of  Actinophrys,  was 
emptied  into  a  flat  glass  capsule,  they  were  all  at  first  scattered  about  at  the 
bottom,  but  subsequently,  after  fi-om  12  to  24  hours,  were  aU  floating  at  the 
surface,  and,  indeed,  at  the  side  of  the  capsule.  Ehrenberg  and  Eichhom 
assert  that  the  ascension  of  Actinophrys  in  the  water  is  effected  by  the  taking 
in  and  the  descent  by  the  giving  out,  of  air.  But  this  is  certainly  not  the 
Pnse  •  for  whence  could  they  obtain  this  air  ?  Can  it  be  said  they  secrete  it 
wTthln  themselves  like  fishes  ?  In  that  case  it  must  be  ^dsible^  It  appeal^ 
to  the  author  more  natural  that  the  rising  and  sinking  should  be  effected  by 
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alternate  contractions  and  expansions  of  the  whole  body.  Other  motions  can 
affect  both  the  filaments  and  the  body,  but  in  any  case  only  through  the 
slowest  possible  contractions."  Besides  these  ill-understood  translations 
from  place  to  place,  and  those  movements  chiefly  affecting  the  tentacles  m 
the  act  of  taking  in  food,  to  be  presently  noticed,  there  also  occur,  according 
to  Kolliker,  "  faint  indications  of  contraction,  such  as  slight  undulations  of 
the  border,  and  inconsiderable  quivering  motions  here  and  there.  The  creature 
also  seems  to  be  capable  of  altei-ing  its  entire  form  to  a  certain  extent,  and  to 
be  able  to  expand  and  to  contract  itself  in  toto."  Steiu  contradicts  these 
statements,  affirming  that  he  could  neither  observe  any  movement  in  the 
organic  mass,  nor  any  change  of  position,  whilst  Claparede,  on  the  other 
hand,  writes,  "  nevertheless  the  animal,  in  its  ordinary  sun-like  form,  is  able 
to  move  slowly  in  a  given  direction;  but  durrug  this  movement  no  contraction 
of  the  body  or  bending  of  the  tentacles  is  to  be  observed."  A  singular  obser- 
vation is  recorded  by  Mr.  Boswell  (T.  M.  S.  1854,  p.  25),  which  needs  con- 
firmation before  it  can  be  accepted,  viz.  that  the  Actinojohryina  can  suddenly 
change  their  place  by  a  leap.  This  phenomenon,  he  tells  us,  he  witnessed 
twice  among  a  number  of  the  animalcules  found  floating  on  the  smface  of  the 
water.  Usually  the  Actinophrys  is  found  attached  to  some  object,  and  that 
so  firmly  that  large  animalcules  may  strike  against  it,  or  strong  succussions 
of  the  water  take  place  without  loosening  it  from  its  hold,  Podophrya  and 
Dendrosoma  are  exceptional  Actinophryina,  by  possessing  a  pedicle.  In  the 
former  this  stem  is  commonly  short  and  always  simple,  whilst  in  the  latter 
and  hitherto  little-known  genus  it  is  branched.  As  elsewhere  noticed.  Stein 
will  not  admit  the  pedicle  of  Podophrya  to  be  a  generic,  indeed  not  even  a 
specific,  distinction,  and  therefore  treats  Actinophrys  and  Podophrya  as 
identical.  In  connexion  with  his  belief  in  the  presence  of  an  enclosing 
integument,  he  describes  the  wall  of  the  hollow  pedicle  of  Podophrya  to  be 
continuous  upwards  with  the  external  envelope  of  the  body  (XXIII.  3,  4). 
It  is  proper,  however,  to  remember  that  Stein  wanted  both  to  establish  his 
hypothesis  of  the  conversion  of  Vorticella  into  an  Actinophrys  and  Podophrya, 
as  a  consequence  of  the  act  of  encysting,  and  preparatory  to  embryonic  repro- 
duction, and,  fiu-ther,  to  assimilate  those  genera  with  various  Acinetce,  which, 
in  his  opinion,  were  derivable  from  other  members  of  Vorticellina.  This 
detracts  from  the  value  of  his  details  of  the  structure  and  functions  of  Actino- 
phrys ;  and,  as  expressed  above,  a  great  doubt  suggests  itself  whether  he  has 
always  examined  the  seKsame  animalcules,  and  whether  what  he  has  de- 
scribed applies  to  the  Actinophrys  investigated  by  KoUiker  and  Claparede. 
Cienkowsky,  who  has  latterly  tested  Stein's  hypothesis,  asserts,  respecting 
the  question  of  the  structure  of  the  stem  of  Podophrya,  that  the  pedicle  is 
an  appendage  to  the  body,  which  has  no  integument.  "  I  am  unable  "  {op. 
cit.  p.  100),  he  writes,  "  to  adopt  Stein's  view  that  the  Podop>hrya  are  enclosed 
in  a  membrane,  of  which  the  slender  pedicle  is  simply  a  tubular  protrasion. 
This  is  true  only  with  respect  to  the  short  peduncle  of  the  encysted  Podophnia  " 
(XXIII.  36,  37).  J  r  J 

Pbehension  and  Entrance  of  Food.— The  movements  of  the  tentacida  of 
Actinophryina  are  chiefly  directed  to  the  prehension  of  prey  for  food.  This 
they  effect  primarily  by  seizing  it  by  means  of  their  apparently  sticky  surface, 
and  then,  by  shortening  themselves,  drag  it  to  the  surface  of  "the  animalcule. 
If  the  prey  has  been  caught  by  one  tentacle,  the  neighbouring  ones  conspire  to 
clutch  it  more  firmly,  and  (to  use  Kolliker's  words)  "  apply  themselves  upon 
it,  bending  their  points  together,  so  that  the  captive  becomes  gradually  en- 
closed on  all  sides."  This  concm-rence  and  crossing  of  the  tentacles  is  men- 
tioned also  by  Stein  ;  but  Mr.  Weston  states  that  he  has  never  witnessed  it. 
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Concerning  the  mode  of  entrance  of  the  nutritive  matter  when  drawn  to  the 
siu-face,  some  difference  of  ox)inion  prevails  among  the  several  writers  who 
have  treated  of  it.  Ehrcnberg,  true  to  his  hypothesis,  attnbuted  to  Actino- 
pJtryina  a  mouth  surmoimted  by  a  proboscis,  and  an  anus  at  the  opposite  side 
with  an  intercommunicating  intestine  and  numerous  stomach-sacs  opening 
into  it.  In  short,  they  were,  according  to  his  scheme  of  organization, 
Enantiotreta,  of  the  class  Enterodela.  Dujardin  rejected  this  account,  and 
supposed  them  to  be  nourished  by  absorption,  carried  on  by  the  general 
surface,  or  by  means  of  thick  expansions  from  it.  At  the  present  time  aU 
observers  unite  in  denying  a  mouth,  anus,  and  alimentary  canal  to  Actino- 
phri/ina,  and  in  admitting  that  food  may  be  introduced,  and  its  debris  dis- 
charged, at  any  part  of  the  siu'face, — a  fact  patent  to  direct  observation,  which 
shows  the  seizing  and  the  entrance  of  prey  going  on,  occasionally,  at  more 
than  one  poiat  at  a  time  (XXTTI.  29-32).  We  have  followed  the  captured 
morsel  imtil  it  approaches  the  surface,  and  when  the  force  of  the  tentacles 
behind  it  still  tends  to  press  it  onwards  into  the  body.  The  following  pro- 
ceeding, according  to  Kolliker  (qp.  cit.  p.  28),  now  taJses  place: — "The  spot 
of  the  surface,  upon  which  the  captured  animalcule  is  lying,  slowly  retracts 
and  forms  at  first  a  shallow  depression,  gradually  becoming  deeper  and  deeper, 
in  which  the  prey,  apparently  adherent  to  the  surface  and  following  it  in  its 
retraction,  is  finally  lodged  (XXIII.  29  m).  The  depression,  by  the  continued 
retraction  of  the  substance,  now  becomes  deeper ;  the  imprisoned  animalcule, 
which  up  to  this  time  had  projected  from  the  surface  of  the  Actinojjhrys, 
disappears  entirely  within  it ;  and  at  the  same  time  the  tentacles,  which  had 
remained  with  their  extremities  applied  to  each  other,  again  erect  themselves 
and  stretch  out  as  before.  Finally,  the  depression  acquires  a  flask-like  form, 
by  the  drawing  in  of  its  margin,  the  edges  of  which  coalesce ;  and  thus  a 
cavity  closed  on  aU  sides  is  formed,  in  which  the  prey  is  lodged.  In  this 
situation  it  remains  for  a  longer  or  shorter  time,  gradually,  however,  ap- 
proaching the  central  or  nuclear  portion,  and  at  last  passing  entirely  into  it 
in  order  to  await  its  fijial  destination.  In  the  meanwhile  the  external  por- 
tion of  the  Actinoj>hrys  regains  in  all  respects  its  pristine  condition.  ^  The 
engulfed  portion  is  gradually  digested  and  dissolved."  WMlst^  admitting 
the  general  correctness  of  this  account  by  Kolliker  of  the  act  of  inglutition, 
Stein  asserts  that,  prior  to  the  appearance  of  the  prey  in  a  depression  of  the 
body,  a  large  vacuole,  rising  above  the  siuface,  comes  into  contact  with  it,  and 
then,  by  its  collapse,  di-ags  it  do^vnwards  into  the  substance  of  the  animalcule. 
This  stage  he  supposed  KbUiker  to  have  overlooked.  However,  Claparede 
denies  that  the  reception  of  food  is  ever  effected  by  means  of  the  expansion 
and  contraction  of  a  vesicle,  or  that,  as  KdUiker  believed,  the  food_  penetrates 
the  substance  of  the  body  by  the  force  exercised  upon  it  behind  by  the 
tentacula:  it  is  rather,  he  says,  the  substance  of  the  body  which  approaches 
and  embraces  the  food ;  for  before  the  latter  has  touched  the  siu'face  of  the 
body,  it  is  seen  to  be  enveloped  in  a  kind  of  mucus.  "  This  mucus  is  com- 
pletely undistinguishable  from  the  parenchyma  of  the  Actiiiojjhri/s  ;  it  appears 
as  though  the  substance  of  which  it  is  composed  had  suddenly  drawn  itself 
over  the  captru-ed  object.  The  elevation  tiuis  produced  then  slowly  flattens ; 
and  by  this  means  the  food  is  gradually  di-awn  into  the  body.  Astasice,  which 
I  frequently  saw  sucked  in  by  Actinoxjhrys  in  this  way,  continued  to  move 
for  a  littie  time,  endeavouring  to  break  thi-ough  the  substance  that  enveloped 
them  •  their  movements,  however,  soon  ceased  ;  they  became  converted  into 
a  "lobular  mass,  which  cii'ciilated  vciy  slowly  through  the  parenchyma  mth 
tiie  so-called  vacuola." .  .  . . "  At  fii-st  I  thought  the  substance,  which  so 
suddenly  enveloped  the  object  to  be  swaUowcd,  was  produced  by  the  mere 
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bending,  expansion,  and  fission  of  the  tentacles.  I  could  not,  however, 
retain  this  opinion:  an  extension  of  a  mucous  substance,  apparently  the 
parenchyma,  really  takes  place  from  the  side  of  the  Actinophrys ;  and  this  is 
afterwards  di-awn  in  with  the  prey.  This  expansion  sometimes  takes  place 
very  slowly ;  a  thick,  regularly  lobed  mass  is  seen  to  embrace  the  object ; 
and  I  have  once  observed  this  extension  without  the  presence  of  any  prey. 
I  can  only  compare  this  process  with  what  takes  place  in  Amoeba."  Dr, 
Strethill  Wright  (in  lit.)  expresses  the  same  fact  in  a  condensed  form, 
thus : — "  In  Actinophrys  the  tentacles  bring  the  food  to  the  surface  of  the 
ectosarc,  which  closes  over  it  and  carries  it  to  the  endosarc."  Mr.  "Weston's 
observations  tend  to  a  similar  interpretation  of  the  mode  of  introduction  of 
food.  "  Prom  the  mai-gin  of  the  body  of  the  Actinophrys,"  says  this  gentle- 
man, "  a  thin  peUucid  membrane  is  projected  up  the  side  of  the  creatui-e 
destined  for  food  (XXIII.  24-32),  wMeh  proceeds  rapidly,  but  almost 
imperceptibly,  to  surround  one  side  of  it ;  a  similar  membrane  springs 
sometimes  also  from  the  Actinophrys,  but  more  frequently  from  the  tentacle 
on  its  other  side ;  these  amalgamate  on  the  outer  surface  of  the  prisoner, 
which  is  thus  enclosed  in  a  sac  composed  of  what  I  take  to  be  the  extended 
outer  vesicle  of  the  Actinophrys.  This  vesicle  gradually  contracts,  or,  rather, 
seems  to  return  by  elasticity  to  its  original  position ;  and  the  food  thus  be- 
comes pressed  within  the  body,  there  to  become  digested."  The  conclusion 
to  be  drawn  is,  that,  after  the  act  of  prehension  by  the  tentacles  is  complete, 
the  retraction  of  those  processes  is  succeeded  by  the  protrusion  of  a  sort  of 
variable  process,  similar  to  those  of  Amoeba  in  character,  and  also  in  its  mode 
of  enveloping  and  engulfing  the  morsel. 

After  its  admission  into  the  soft  substance  of  the  interior,  the  nutrient 
matter  undergoes  a  process  of  digestion,  by  which,  if  soft,  it  suifers  complete 
dissolution  and  absorption ;  but  if  it  contain  insoluble  matter,  this  remains 
behind,  after  the  disappearance  of  the  rest,  as  a  residue  to  be  sooner  or  later 
cast  out  through  an  aperture  temporarily  formed  at  the  point  of  the  surface 
it  comes  into  contact  with,  and  of  which  all  trace  is  lost  so  soon  as  the  act  of 
extrusion  is  accomplished.  The  molecular  and  granular  matters  derived  from 
food  collect  especially  in  the  central  or  nuclear  portion  of  the  body,  the  depth 
of  colour-,  opacity,  and  strength  of  which  are  directly  proportionate  to  the 
supply  of  food.  The  particle  of  food  (the  animalcule  or  other  substance), 
when  in  the  interior,  is  surrounded  by  or  suspended  in  a  drop  of  fluid,  or,  in 
Dujardin's  phraseology,  occupies  a  vacuole.  This  fliud  is  either  di-awn  in 
by  the  act  of  inglutition,  or  is  a  secretion  poured  out  around  the  food  for  the 
purijose  of  digestion.  Claparede  takes  the  latter  view,  and  states  that  the  fluid 
always  exhibits  the  same  pale-reddish  colour  as  the  contents  of  the  contractile 
vesicle,  and  indicates  different  refractive  powers  from  those  of  water.  This 
observation  accords  with  one  made  by  Schneider,  of  the  digestive  vacuoles  of 
Amoeba. 

The  process  of  digestion  is  slow.  Claparede  observed  the  changes  of  a 
Chlamydomonas,  and  states  that  thi-ee  houi's  scarcely  sufficed  for  its  conver- 
sion into  an  imrccognizablo  gelatinous  mass.  Kolliker  represents  the  time  to 
vary  from  two  to  six  houi-s ;  but  this  must  differ  perpetuaUy  according  to  the 
nature  of  the  food,  the  vitaUty  of  the  animal,  &c.  "  The  number,  as  well  as  the 
size,  writes  KoUiker,  "  of  the  morsels  taken  at  one  time  by  the  Actinophrys 
18  veiy  vaiious.  Very  frequently  there  may  be  2,  4,  or  6  at  the  same  time, 
frequently  also  more  than  10  or  12.  Elirenberg  counted  as  many  as  16 
stomachs,  i.  e.  m  other  words,  so  many  separate  morsels.  He  also  noticed  the 
ingestion  of  indigo,  which  coidd  not  have  gained  admission  in  any  other  way 
than  that  by  which  the  Infusoria  and  other  ahmcnts  enter.  The  lai-gest  morsels 
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noticed  consisted  of  a  Lynceus  and  a  young  Cyclops.  Eichhom,  indeed, 
mentions  a  water-flea  {Daplmia  ?),  about  the  size  of  which,  however,  no  re- 
mark is  made."  Indeed,  the  Actinophryina  are  rapacious  animals,  and  wiU 
appropriate  to  themselves  any  organisms,  vegetable  or  animal,  which  faU  in 
their  way.  Thus,  besides  those  beings  alluded  to  already,  Eotifera,  various 
minute  Crustacea,  Ciliated  Protozoa,  Phytozoa  of  all  sorts,  DesmidieaB,  Dia- 
tomeee,  minute  Algse,  and  their  spores  alike  faU  a  prey  to  these  remarkable 
animalcules.  The  excrementitious  pai-ticles  of  food,  as  already  stated,  pass 
out  at  any  spot  where  circumstances  may  direct  them ;  and  no  definite  anal 
aperture,  such  as  Ehrenberg  imagined,  has  an  existence.  The  expulsion  of  re- 
sidual matters,  Mr.  Weston  (/.  M.  S.  1856,  p.  121)  states  he  has  "  frequently 

seen,  ^in  one  specimen  twice  in  less  than  half  an  hour,  at  different  spots.  In 

watching  the  digestion  of  a  Kotifer,  it  occurred  to  me  to  see  a  dark  body, 
composed  apparently  of  the  case,  remaia  for  some  hours  in  the  same  spot, 
and  then  gradually  approach  the  side,  as  if  for  expulsion ;  but  whUe  waiting 
for  this  to  take  place,  an  opening  in  another  part  occurred,  and  excrement 
was  voided  in  quantity :  this  voided  matter  lies  amongst  the  bases  of  the 
tentacles,  while  the  opening  through  which  it  has  passed  closes ;  and  then, 
with  the  same  stealthy  motion  I  have  before  described,  it  is  apparently  driven 
along  the  tentacles  (as  if  by  repulsion)  beyond  their  extremities,  finally  dis- 
appearing in  the  surrounding  medium." 

CoNTRACTHE  VESICLE. — The  toIo  is,  that  only  one  contractile  vesicle  belongs 
to  each  animalcule  (XXIII.  36,  37).    If  more  appear,  it  usuaHy  indicates 
either  the  approach  of  fission,  or  the  conjugation  of  two  or  more  individuals 
(XXni.  33-35).    KoUiker  failed  to  recognize  this  organ  in  Actinophrys,  and 
concluded  that  Siebold  had  described  as  such  the  mere  changeable  vacuola. 
However,  Stein,  Claparede,  Cienkowsky,  and  others  concur  in  representing  a 
contractHe  vesicle  as  normaUy  present ;  the  fii-st-named  writer,  rndeed  de- 
scribes in  a  few  instances  two  such,  as  Siebold  has  done  before  him.  Stein 
exhibits,  in  Actimphrys  Sol,  the  vesicle  as  central  (XXIII.  1) ;  but  other 
naturalists  concur  in  representing  it  as  superficial,— so  much  so,  according  to 
Siebold,  that  it  wiU  frequently  diu-ing  its  expansion  project  above  the  general 
surface'  and  thereby  prove  itself  to  have  a  distinct  wall  (XXIII.  29  m)  ;  for 
if  composed  of  only  the  gelatinous  parenchyma  of  the  body,  it  would  burst  at 
the  moment  of  greatest  expansion.    It  is,  therefore,  a  closed  sac  or  cell 
Claparede  has  never  found  more  than  one  vesicle,  and  thinks  both  Siebold 
and  Stein  in  error  in  describing  two.    "  Several  vesicular  elevations,"  he 
writes,  "  often  occur  on  the  margin ;  but  only  one  of  these  is  contractile.  I 
have  however,  observed  two  contractile  vesicles  in  several  individuals;  but 
in  these  cases  the  form  always  gives  rise  to  a  suspicion  of  fission,  or  ot  an 
amalgamation  of  two  individuals  (Act.  difformis,  Ehr.).    The  presence  of  a 
single  contractile  vesicle  does  not,  however,  appear  to  be  universal  among  the 
Eh^opoda;  I  have  observed  two  in  Arcella  vulgaris.  .  .  .It  is  sui-pnsmg  that 
KoUiker  who  was  acquainted  with  Siebold's  observations,  should  have  cha- 
racterized them  as  inexact,  and  as  arising  from  an  illusion.    Accordmg  to 
him  Siebold  had  mistaken  accidental  expansions  and  contractions  oi  the  sub- 
stance enclosing  the  vacuoles,  in  which  the  latter  were  pei-sistent,  for  phe- 
nomena indicating  the  existence  of  contractile  reser^ws.    This,  however,  is 
not  the  case ;  the  size,  the  unchanging  position,  and  the  regular  expajision 
and  contraction  of  this  organ  will  prevent  its  being  confoiinded  with  a 
vnpuole     That  KoUiker  should  have  overiooked  it  is  particulaiiy  unmteUigi- 
ble  as  the  phenomenon  is  immediately  presented  by  nine  out  of  ten  specimens 

''^  CartrK^'i^.  xviii.  p.  129)  makes  the  curious  assertion,  that  the  -Actim- 
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phnis  Sol  Ehi-.,  is  siu-rounded  by  a  peripheral  layer  of  vesicles  "  (he  is  speaking 
of  contractile  vesicles),  "which,  when  fnUy  dilated,  appear  to  be  aU  of  the 
same  size,  to  have  the  power  of  communicating  with  each  other,  and  each, 
individually,  to  contract  and  discharge  its  contents  extemaUy,  as  occasion  may 
require,  though  generally  only  one  appeai-s,  and  disappears,  in  the  same 
place."  Stein  describes  and  iigui-es  a  row  of  vesicles  immediately  Jeneath 
the  surface  of  a  new  species  he  caUs  Actinophrys  oculata  (XXIII.  24,  25), 
but  does  not,  like  Carter,  treat  them  as  so  many  contractile  sacs,  an  interpre- 
tation which  cannot  be  received  without  much  more  extended  mquiry  and 
confirmation.  Notwithstanding  this  assertion,  Mr.  Carter,  in  his  outline  of 
facts  relevant  to  contractile  vesicles  in  general,  has  the  following  clause,  ap- 
plying specially  to  the  animalcules  under  consideration,  and  giving  a  most 
apt  illustration  of  the  phenomena  witnessed: — "In  Actinojphrys  Sol,  and 
other  Amcehce,  during  the  act  of  dilatation,  the  vesicula  projects  far  above  the 
level  of  the  pellicula,  even  so  much  so  as  occasionally  to  form  an  elongated, 
transpai-ent,  mammilliform  enunence,  which,  at  the  moment  of  contraction, 
subsides  precisely  like  a  blister  of  some  soft  tenacious  substance  that  has  just 
been  pricked  with  a  piu."  At  another  part,  this  same  author  says,  generally 
(op.  cit.  p.  128),  and  iu  some  measure  contradictorily  to  the  first  statement 
quoted  from  him,  that  "  iu  A^noeha  and  Actinojphrys  the  vesicula  is  generally 
single  ;  sometimes  there  are  two,  and  not  unfrequently  ia  larger  Amoehcm  a 
greater  nnmber."  It  should  be  mentioned  that  Steia  found  in  the  animal- 
ciile,  which  he  took  to  be  Act.  Eichornii,  a  superficial  group  of  vacuola,  ren- 
dering the  outline  irregular, — a  phenomenon  no  doubt  the  same  as  that 
intended  by  Carter.  Stein,  moreover,  described  in  the  same  animalcule  two 
contractile  spaces,  one  at  each  pole,  immediately  beneath  the  surface,  but 
capable  of  alternately  elevating  themselves  above,  and  depressing  themselves 
within  it,  and  of  thereby  aiding  to  introduce  food. 

Poclophrya  has,  according  to  Stein  and  Cienkowsky  (XXIII.  34,  35,  36, 
37),  a  single  circular  contractile  vesicle.  Stein,  indeed,  figures  two  in  one 
specimen.  So  far  as  appears,  the  vesicle  is  not  placed  so  close  to  the  surface 
as  in  Actinophrys.  Among  other  structures  mentioned  by  Ehrenberg,  was  a 
contractile  proboscis,  by  means  of  which  the  animalcule  was  supposed  to  re- 
ceive food ;  but  other  observers  have  looked  in  vain  for  any  process  to  which 
such  an  appellation  could  with  justice  be  applied.  The  structure  intended 
by  Ehrenberg  is,  in  Claparede's  opinion,  no  other  than  the  contractile  vesicle, 
— an  opinion  in  which  Mi*.  Weston  seems  to  agree  (see  below),  although  he 
attributes  to  it  a  structure  and  action  without  parallel  in  other  Infusoria.  A 
glance  at  the  quotation  above  made  from  Mr.  Carter's  paper  will  show  also 
that  the  contractile  sac  was  intended.  The  following  are  the  observations  of 
Claparede,  referring  to  the  matter  in  question: — "From  time  to  time  a  globular 
prominence  rises  slowly  and  gradually  from  a  particular  point  on  the  sui'face 
of  the  animal ;  this  increases  more  or  less  in  different  cases,  sometimes,  espe- 
cially in  small  individuals,  attaining  nearly  a  third  of  the  size  of  the  entire 
body,  but  generally  reaching  only  ith  or  -^ih.  of  that  size.  The  margin  of 
this  projection  is  always  well  defined,  much  more  so  than  the  other  pai-ts  of 
the  body,  especially  when  it  has  attained  its  greatest  evolution.  At  tliis 
moment  it  contracts  suddenly  and  disappears  entirely,  so  that  a  flattening  of 
the  outline  is  often  to  be  observed  at  the  point  previously  occupied  by  this 
remarkable  elevation  :  the  margin  soon  becomes  roimded  again  ;  the  globular 
projection  gradually  rises,  attains  its  previous  highest  development,  and  then 
suddenly  disappears  again."  The  following  paragraph  from  Mr.  "Weston's 
paper  {J.  M.  S.  1856,  p.  116)  refers,  doubtless,  to  the  selfsame  expanding  and 
contracting  process  distinguished  by  Claparede  ;  but  the  function  of  respii-ation 
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and  a  valvular  structure  of  a  very  extraordinary  nature  are  attributed  to  it. 
We  suspect,  indeed,  that  Mr.  Weston  has  been  led  into  error  by  appearances, 

 a  supposition  he  will  pardon  us  for  malting,  since,  as  he  himself  tells  us,  his 

microscopic  experience  is  less  than  two  years  old.   His  account  runs  thus : — 
"  There  appears  to  be  no  doubt  about  the  existence  of  a  valvular  opening :  I 
have  had  some  thousands  of  these  animalcules  under  my  observation,  and 
have  never  met  with  a  specimen  where  the  valve  was  absent.    It  is  best 
distino-uished  when  about  the  edge  of  the  seeming  disc,  and,  so  far  as  my 
observations  go,  is  never  still  night  nor  day,— being  slowly,  but  without  cessa- 
tion, as  it  were,  protruded,  occupying  from  10  to  70  or  80  seconds  m  its 
development,  aud  then,  like  the  bui'sting  of  a  vesicle,  rapidly  and  totally 
subsiding ;  for  an  instant  it  has  utterly  disappeared,  only  to  be  agam  as 
..raduaUy  and  as  certainly  reproduced.    Should  that  side  of  the  creature, 
where  the  valve  is  placed,  be  turned  from  the  obsei-ver,  the  effects  of  the 
contraction  are  distinctly  seen,  although  the  valve  itself  is  not ;  for  at  the 
instant  of  its  bursting  and  closure,  some  half-a-dozen  or  more  of  the  tenta- 
cles, situated  on  or  about  it,  which  have  been  graduaUy  thrust  from  theu- 
normal  position  by  the  act  of  its  protrusion,  now  rapidly  approach  each  other 
with  a  jerk-like  motion,  caused  by  the  sudden  bnnging  together  ot  theu- 

"  With  ith  of  an  inch  objective,  I  have  been  led  to  imagine  the  valve  to  be 
formed  of  "a  double  layer  of  the  external  hyaloid  membrane  the  edg-es  oi 
which  appear  to  adhere  to  each  other  tenaciously,  notwithstandmg  the 
o-rowing  distension  from  within,  until  the  force  becomes  so  great  that  the 
hps,  as  they  may  be  caUed,  suddenly  separate,  apparently  to  give  vent  to 
some  gaseous  product ;  and  at  this  moment  there  is  as  I  have  stated,  enough 
seen  to  induce  the  belief  in  the  existence  of  a  double  lip-hke  valve,  perZ^ops 
the  organ  of  respiration."  „„„  i,oif  a 

He  afterwai-ds  adds  (p.  118)-"  In  many  instances  I  have  seen  half-a- 
dozen  or  more  prisoners  attracted  to  the  tentacles  of  an  individual  each  gra- 
duaUy absorbed ;  and  although  thus  busUy  occupied,  no  cessation  of  the  action 
of  &e  valve  takes  place."  Stein  imagined  the  movements  of  the  contractile 
sac  to  be  subservient  to  the  reception  of  food  ;  but  this  supposition,  as  men- 
tioned already  (p.  248),  is  opposed  to  analogy,  and  is  wanting  in  direct  obser- 

vation  to  establish  it.  „   ,   .  -rr-  n-i  . 

Among  the  general  contents  of  the  body  of  Acttn^pl^ys,^o\hkev  (o2J.  cit. 
p  27)  mentions  some  separable  nuclear  cells  as  detached  by  crushing  ti^m 
the  innermost  portions  of  the  animal.  When  isolated  by  pressure,  they  be- 
have themselves  as  cells,  with  nucleus  and  nuc  eolus, 
nuclei.  "  The  author  is,  in  fact,  inclined  to  regard  them  as  cells  and  nuclei, 
r^ng  in  some  of  the  interior  vacuoles  ;  for  such,  and  such  only,  ai-e  the  vesi- 
oular  snaces  in  which  they  are  enclosed."  (XXIII.  29.)         ,  , 

NxrcSns.-Kolliker  applied  the  term  nucleus,  very  improp^ 
granular  and  darker  central  or  meduUary  portion  of  the  body  (^f^^'  ; 
and  overlooked  the  presence  of  the  real  nucleus.  However,  Stem  Laxtei 
Cienklwsky,  and  others  have  determined  the  existence  of  this  organ  m  the 
^e^Tl^nophrys  and  Podophrya.  Unfortiinately,  some  difference  prevails  m 
the  des^  ptions  of  this  organ  by  the  several  observers,  ^duch  it  is  f  «";aWe 
to  have  removed.  Carter  {A.  N.  II.  1856,  xviii.  p.  221)  represen  s  it  to  be  a 
ckudy  body,  discoid  in  shape,  of  a  faint  yeUow  coloui-,  and  fixed  o  one  ^de 
i  r/rnnsm^Tnt  capsule,  which,  being  generally  more  or  loss  lai-ger  than  tl  e 
nulusXr^^^^^^  th  latter  to  appe^lr  as  if  s.u-rounded  by  a  narrow  pel- 
ud^Xg  "  'St'in  describes  it  in  ^c.no,./.-,..  m  as  ^J'^  f  ^-l^'  ^cieit 
slpcd,  and  curved,  or  reniform,  or  rounded  oblong  (XXIII.  16).  Cien 
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kowskv  says  that  the  nucleus  of  Podophrya  is  "  transverse  and  frequently 
eiu-ved,"  and  thereby  implies  that  it  is  an  elongated  body.  Ihe  nucleus  ot 
Actinophrqs  oadata  (says  Stein,  p.  159)  may  be  brought  into  view  either  by 
crusWng  the  animalcule,  or,  much  more  satisfactorily,  by  adding  dilute  acetic 
acid  (XXIII  24  h,  25  r/).  On  viewing  it  from  above,  it  appears  hke  a  roiind 
hyahne  ceU,  containing  a  granular  nuclear  mass  in  its  centre,  and  suiTOunded 
by  a  rather  condensed  layer  of  the  meduUary  matter.  On  its  entu-e  detachment, 
by  means  of  the  acid,  it  is  seen  to  possess  a  distinct  waU,  having  a  double  out- 
Une  ;  its  nucleolus,  on  the  contrary,  seems  undefined  and  irregular  in  shape, 
composed  of  a  mere  heap  of  fine  granules.  The  relative  size  of  the  nucleus 
to  the  whole  animal  is  very  considerable.  Thus,  whilst  the  majority  of  spe- 
cimens had  a  diameter  of  1-38  to  1-35"',  the  nucleus  measured  1-125"',  and 
its  nucleolus  1-250"'.  Erom  his  account  of  Act.  Eichomii,  Stein  would  appear 
to  have  seen  a  similai-  nucleus  in  that  species ;  for  he  states  that  the  round 
nucleus  appeared  Kke  a  nucleus-holding  ceU,  having  a  double  contoui'  and 
clearly-defined  wall,  and  containing  a  large,  finely-granular  nucleolus. 

ENCTSTrSTG  ANO  EePBODUCTIVE  PbOCESSES  of  ACTrNOPHBTrSTA  :  ^ENCTSTrNG-— 

Fission — Gtemmation — Embryos — Conjugation.— Stein  represents  his  Acti- 
nophrys  Sol  and  Podophrya  fixa  as  having  a  double  integument  (XXIII.  1,  3), 
through  which  the  tentacles  penetrate, — whilst,  as  we  have  seen,  other  ob- 
servers insist  upon  the  naked  state  of  the  muco-gelatinous  body  of  those  as 
weU  as  of  the  other  species  of  Actinophryina.  The  questions  therefore  arise, 
whether  the  being  so  named  and  described  by  Stein  is  identical  with  that  in- 
tended by  other  natui-alists,  and,  if  so,  whether  it  is  not,  in  the  so-called 
encysted  condition,  at  least  iu  its  earlier  stage.  For  Stein  subsequently 
describes  and  figures  truly  encysted  examples,  in  which  the  cyst  appears  lilce 
a  plicated  loose  sac  aroimd  the  contracted  body,  and  the  tentacles  iu  part  or 
wholly  gone  (XVIII.  3).  Cienkowski  afiirms  (op.  cit.p.  101)  that  the  being 
described  as  Actinophrys  by  Ehrenberg  is  reaUy  a  non-pedunculate  Acineta  ; 
and  he  further  remarks  that,  although  numerous  points  of  relation  exist 
between  certaiu  ^cmeto-forms  and  Podophrya  fixa,  he  is  unable  to  determine 
whether  they  should  be  regarded  as  identical,  or  as  the  extreme  links  in  the 
morphological  cycle  of  one  and  the  same  species.  The  same  critical  observer 
details  the  process  of  encysting  of  Podophrya, — a  process,  by  the  way,  which 
he  has  not  met  with  in  Acineta-torm  organisms  having  a  general  resemblance 
with  it.  To  quote  his  account  {op.  dt.  p.  99),  "  If  Podophrya;  are  allowed 
to  remain  several  days  upon  the  object-glass,  and  care  is  taken  not  to  let  the 
water  dry  up,  every  stage  towards  the  quiescent  condition — that  is  to  say, 
towards  the  '  encysting  '—may  be  followed  (XXIII.  34,  36,  37). 

"  In  Podophrya  this  process  takes  place  in  the  following  manner : — On  the 
surface  of  the  body  a  gelatinous  mucous  layer  appears  to  be  secreted,  thi-ough 
which  the  tentacles  pass.  The  tentacles  disappear  in  the  neighbourhood  of 
the  peduncle ;  and  the  gelatinous  layer  in  this  situation  hardens  into  a  loose 
transversely-plicated  membrane,  whilst  at  the  upper  end  it  is  still  soft,  and 
the  tentacles  clearly  visible.  Ultimately  these  also  are  retracted,  and  the 
entire  body  of  the  Podophrya  is  enveloped  in  a  Avide  loose  membrane ;  the 
pUcations  are  caused  by  parallel  annular  constrictions,  placed  at  equal  di- 
stances apart,  and  scparated'by  circular,  angular,  or  rounded  ridges ;  these  pH- 
cations  are  in  a  plane  perpendicular  to  the  peduncle.  At  the  summit  of  the 
Podophrya,  &nA  often  also  at  the  base,  the  membrane  presents  deep  depres- 
sions ;  the  inclosed  body  of  the  Podophrya  acquires  on  its  surface  a  sharply- 
defined  smooth  membrane,  whilst  the  contents  of  the  body  become  somewhat 
opaque,  enclosing  a  round  clear  space.  The  Podophrya -cyst  tlius  formed  is 
supported  by  a  peduncle,  which  is  widened  at  the  base.    In  many  instances 
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in  which,  the  membrane  was  not  plicated,  but  loosely  enclosed  the  Podophrya 
like  a  sac,  I  noticed  that  the  peduncle  of  the  cyst  was  continued  uninterrupt- 
edly into  the  membrane,  of  which  consequently  it  must  be  regarded  as  a  pro- 
trusion, and  that  it  had  no  connexion  whatever  with  the  original  slender  pe- 
duncle of  the  Podophrya  itself.  In  fact,  I  noticed  cysts  in  which  this  original 
slender  peduncle  was  appended  to  the  saccular  envelope.  I  am  unable,  there- 
fore, to  adopt  Stein's  view  that  the  Podophryce  are  enclosed  in  a  membrane, 
of  which  the  slender  peduncle  is  simply  a  tubular  protrusion.  This  is  true 
only  with  respect  to  the  short  peduncle  of  the  encysted  Podophryce. 

"  What  afterwards  becomes  of  the  cysts  I  have  been  unable,  in  spite  of  ob- 
servations continued  for  months,  to  determiae." 

Multiplication  by  Spontaneous  Division  seems  now  to  be  sufficiently  de- 
monstrated.   Ehrenberg  and  other  earlier  writers,  indeed,  mentioned  the 
occurrence  of  self-fission  ;  but  their  accounts  were  too  uncertain  and  inde- 
finite, and  strong  doubts  prevailed  whether  they  had  actually  witnessed  that 
process,  or  the  act  of  conjugation,  to  be  presently  noticed.    Mr.  Brightwell 
appears  {FaurM  Infusoria  of  Norfolk)  to  have  confoiuided  the  two  processes  ; 
for  he  says — "  They  multiply  by  division,  so  that  two  and  sometimes  three 
individuals  are  seen  adhering  together  by  their  outer  edge — the  middle  one, 
the  parent,  being  the  largest," — an  explanation  inconsistent  with  the  process 
of  fission  as  generally  understood.    Claparede  states  distinctly  that  he  has 
seen  the  act  of  fission ;  Weston  describes  it  in  Actinophrys,  and  Cienkowsky 
in  Podophrya.  "  With  regard  to  the  reijroduction  of  Actinophrijs  Sol,"  writes 
Mr.  Watson  (op.  eit.  p.  119),  "  I  can  positively  affirm  that  self-division  is 
one  mode ;  for  I  may  say  I  have  witnessed  it  a  hundred  times  and  shown  it 
to  others ....  First  was  noticed  a  deep  depression  above  and  below,  not  far 
from  the  centre  of  the  body  ;  this,  as  it  increased,  threw  the  tentacles  across 
each  other,  in  a  manner  similar  to  that  described  by  Kolliker,  when  in  the 
act  of  inclosing  an  object  of  prey.  This  crossing,  however,  in  the  act  of  self- 
division  would  appear  to  be  only  the  necessary  consequence  of  the  depressions 
alluded  to,  and  the  position  into  which  the  outer  membrane  (in  which  the 
tentacles  are  inserted)  is  drawn.    As  division  proceeded  (XXIII.  31),  the 
two  animalcules  steadHy,  but  rather  quickly,  increased  the  distance  between 
them,  until  the  connecting  medium  was  apparently  a  long  membranous  neck, 
which,  to  my  unpractised  eye,  appeared  composed  first  of  four,  then  of  three, 
then  two  irregular  lines  of  ceUs  (possessing  no  nuclei),  which  ultimately  di- 
minished into  a  single  cord  composed  of  three  simple  cells  elongated  like  the 
links  of  a  chain,  this  becoming  gradually  more  attenuated,  until  the  exact 
moment  of  its  division  could  not  be  seen.    AH  this  latter  portion  of  the  pro- 
cess was  rather  rapidly  perfonned,— that  is,  from  the  first  formation  of  the  rows 
of  cells  to  the  time  of  what  I  supposed  to  be  the  final  separation,  occupied 

only  about  a  quarter  of  an  hour  Dming  the  whole  of  the  process,  the  valve 

(i.  e.  the  expanding  and  contracting  supei-ficial  vacuole)  of  each  segment,  situ- 
ated at  nearly  opposite  extremes,  was  in  constant  action,  and  each  creatui-e 
was  busHy  employed  seizing  its  food."  On  foEowing  one  segment  after  its 
separation,  "  a  floating  faint  Hue,  the  broken  thread  "  (of  connexion),  extended 
from  it;  and  two  of  the  cells,  formerly  contained  within  this  bond,were_attached 
to  its  side,  but  were  in  a  few  minutes  drawn  into  the  body  of  the  Actinophi-ys, 
which  there  assumed  a  perfectly  normal  character.  In  Podophrya  the  process 
of  fission  is  similar  (XXIII.  34) ;  at  fii-st  an  annular  constriction  displays  it- 
self and  so  rapidly  deepens,  that  in  an  about  half-an-hour  complete  trans- 
verse fission  is  effected.  The  liistory  of  the  segments  is  thus  portrayed  by 
Cienkowsky  (op.  cit.  p.  98),  about  ten  minutes  after  the  commencement  of  the 
act  of  division       The  upper  segment  had  assumed  an  elongated  fom,  was  more 
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cylindrical,  a  little  indented  in  the  middle,  and  roimded  at  each  end ;  and  at 
the  extremities,  slight  oscillations  to  the  right  and  left  could  be  perceived.  A 
transvei-se,  and  frequently  curved,  nucleus  was  visible  in  the  fluid  contents  ; 
and  a  lateral  contractile  space  could  be  cleaa-ly  distinguished  in  the  upper 
parts.  The  vibrations  increased  in  frequency  and  force  until  the  segment 
became  wholly  detached  and  escaped.  Diuing  the  process  of  division  both 
segments  were  furnished  with  tentacles ;  but  when  the  oscillations  of  the 
cylindiical  portion  commenced,  very  fine  and  short  cilia  might  be  seen,  though 
with  difficulty,  vibrating  on  the  free  end, — the  tentacles  at  the  same  time  being 
retracted,  and  remaining  visible  only  on  the  posterior  segment.  I  now  followed 
uninterruptedly  the  movements  of  the  liberated  segments.  They  moved  for  the 
most  part  in  cm-ved  lines,  in  the  com-se  of  which  the  motile  segment  appeared 
to  seek  the  illuminated  side  of  the  drop  of  water.  Cilia  could  not  be  perceived 
over  the  whole  siu-face.  The  contractile  space  during  the  movements  was  al- 
ways in  front.  The  motions  were  rapid,  but  still  such  as  to  allow  of  their  being 
followed  with  a  magnifying  power  of  370  diam.  After  waiting  patiently  for 
twenty  minutes,  I  saw  the  motion  cease ;  and  at  the  same  time  short  tentacles 
made  their  appearance,  which  were  protruded  more  and  more  ;  and  in  a  few 
minutes  afterwards  the  segment  regained  the  spherical  form:  thus,  after 
moving  about  freely  for  a  time,  it  was  again  transformed  into  a  PodopTirya, 

"  This  process  of  division  was  witnessed  by  other  observers.  It  talces  place 
more  especially  when  sufficient  nutriment  is  supplied  by  numerous  Stylony- 
cMce  to  the  Poclophryce.  The  Podophrya  does  not  always  divide  into  two 
equal  halves ;  the  segments  are  more  fr-equently  unequal.  After  repeated 
di-vision,  the  specimens  always  become  more  transparent."  This  temporary 
production  of  vibratile  cilia  from  the  surface  of  one  of  the  ActinojpJiryina,  in 
connexion  with  the  ])rocess  of  fission,  is  a  phenomenon  so  opposed  to  received 
notions,  that  it  will  necessarily  be  admitted  with  great  reserve  until  confirmed 
by  repeated  observation. 

The  process  of  Gemmation,  is  recorded  by  Lachmann  to  occur  in  Dendrosoma 
radians,  a  being  of  which  we  know  too  Uttle  to  pronounce  with  certainty  if  it 
be  one  of  the  Actinophryina  or  of  the  Acinetina.  He  says  (op.  cit.  p.  231) — 
"  In  Dendrosoma  radiants,  Ehr.,  a  branch  of  the  nucleus  grows  into  the  bud 
whilst  it  stiU  remains  united  to  the  parent  animal." 

Eeproduction  by  Emh-yos  or  Germs  has  been  presumed  by  several  autho- 
rities. Stein,  in  pursuing  the  history  of  the  organisms  he  identified  with 
Actinophrys  Sol  and  Podophrya  jtxa,  satisfied  himself  of  the  successive 
development  in  their  interior  of  a  ciliated  germ,  which  he  compared  to  the 
gemma  of  a  Vorticella,  into  which,  indeed,  he  supposed  it  subsequently  to 
fully  unfold  itself  (XXIII.  2,  4,  5).  However,  as  before  noted,  Cienkowsky 
rejects  the  beings  observed  by  Stein  from  Actinophryina,  and  treats  them 
as  Acinetina ;  yet  he,  at  the  same  time,  confirms  the  production  of  ciliated 
motUe  embryos  within  Acineta,  but  declares  them  reconverted  into  similar 
PodophrycB  to  those  that  give  birth  to  them.  Apart  from  the  researches  of 
Stem,  which  have  invoked  so  much  attention  to  the  development  of  Protozoa 
generaUy,  and  particularly  to  that  of  Actinophryina  and  Acinetina,  the  idea 
that  the  members  of  the  former  family  probably  reproduce  themselves  by 
germs  has  been  suggested  by  the  occurrence  of  very  minute  incUviduals, 
either  alone  or  m  clusters.  Thus  KoUiker  remarks  {op.  cit.  p.  34)  that  the 
smallest  mdividuals  of  Actinophrys  Sol  measured  only  O-Ol'"  to  0-02'",  and 
presented  very  inconspicuous  and  few  granules,  and  that  the  granular  and 
vesicular  corpuscles  within  the  nuclear  portion  of  the  body  may  be  germs 
jiLst  bcgmning  to  be  evolved.  Mr.  Weston  is  also  led  to"  beUeve  in  the 
internal  generation  of  minute  germs ;  but  the  observation  he  records,  as 
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possibly  an  instance  of  such  a  process,  entirely  fails,  in  oui'  opinion,  to  sus- 
tain the  supposition.  The  occurrence  alluded  to  was  that  of  a  thin,  pellicular, 
irregularly-shaped  sac — sometimes  of  two  or  three  such, — which  elevated  itself 
above  the  surface  of  the  Actinophrijs,  and  presently  burst,  emitting  some 
fluid  and  fine  grammar  matter,  and  then  contracted.  "  Does  tliis  emitted 
fluid,"  he  asks,  "  contain  the  germ  of  future  generations?"  We  think  not ; 
for  to  our  mind,  the  phenomenon  witnessed  was  nothing  more  than  the 
bursting  of  superficial  vacuola,  probably  acting  as  excremenlory  media ;  and 
if  this  view  be  not  correct,  Mr.  Weston's  is  improbable,  inasmuch  as  such  a 
discharge  of  germs  from  superficial  sacs  is  without  parallel  in  the  history  of 
Protozoa. 

Conjugation. — The  remarkable  act  of  conjugation,  also  known  as  Zygosis, 
has  attracted  very  much  attention  in  the  class  of  animalcules  under  consi- 
deration, among  which  it  is  of  very  frequent  occurrence.    Much  discussion 
has  taken  place  concerning  the  purpose  of  this  process.    Most  of  its  early 
observers  considered  it  a  reproductive  act,  a  sort  of  copulation  between  two 
individuals ;  but  the  tendency  of  opinion  at  the  present  day  is  to  deny  it  this 
nature,  and  to  treat  it  as  little  more  than  an  accidental  phenomenon,  without 
apparent  object  or  aim.    Nevertheless  its  occurrence  is  so  frequent,  and  the 
process  of  so  complete  a  character,  that  it  is  hai-d  to  beUeve  it  to  be  in  vain 
and  to  no  purpose  in  the  economy  of  the  Actiiiophrijina.    A  difference  of 
opinion  likewise  prevails  as  to  the  nature  of  the  process,  one  set  of  authors 
maintaining  that  there  is  an  actual  fasion  and  intenningling  of  substance 
between  the  conjugating  animals,  whilst  another  party  asserts  that  there  is 
no  fusion,  but  merely  a  temporary  adhesion  or  accretion  between  theii-  bodies. 
The  determination  of  this  question  is  very  necessary  before  we  can  speculate 
faii-ly  respecting  the  purpose  of  the  act.    KoUiker,  who  was  among  the  first 
to  carefLiHy  explore  this  phenomenon,  described  it  as  a  process  of  complete 
fusion  and  surmised  it  to  be  of  a  reproductive  character.    Stein  speaks  at 
one  place  of  conjugation  (op.  cit.  p.  148)  in  Actinophrys  and  ^^^^f ''^/^ 
cons^ting  in  a  fusion  (  Verschmelzung)  of  the  animalcule.  At  another  (p.  160) 
he  describes  it  as  an  organic  union  of  two  or  more  individuals  into  a  group, 
involving  no  fusion  of  their  contents,  but  only  a  cohesion  by  theu-  smiaces  ; 
and  goes  on  to  say  (p.  161)  that  the  coming  together  of  two  Actimphrides  is 
due  to  external  forces,  and  that  the  first  thing  observed  is  an  entanghng 
together  of  their  tentacles,  which  act  precisely  in  the  same  manner  as  when 
a  foreign  body  is  seized  upon,  and  by  their  contraction  bi-mg  the  bodies  mto 
apposition.    At  the  same  time  they  fuse  together  and  form  a  sort  of  commis- 
sure which  is  sometimes  areolated,  owing  to  interruptions  to  its  continuity 
bv  the  incomplete  confluence  of  the  tentacles.    In  the  case  of  Act  omdaia, 
several— as  many  as  seven-individuals  were  seen  by  Stem  comaected  toge- 
ther in  a  line,  by  this  intermediate  commissiual  matter,  which  he  calls  a 
common  mantle,-but  aU  of  them  preserving  theii"  individuality  just  as  in  the 
instance  of  other  species.   This  mode  of  connexion,  by  means  of  an  mterposed 
matter  derived  from  the  tentacula  of  the  conjoined  sui-faces,  explains  what  btem 
means  by  conjugation  being  a  fusion  of  the  animalcules  conccmed— not  a 
fusion  or  commingling  of  theii-  substance  in  general,  as  some  have  thought  it. 
Sn  hi  his  account  of  the  conjugation  of  Actinoplmjs  (Zatschr.  Band  m. 
p  66),  noticed  the  connecting  band  or  commissure  to  sometimes  con  am 
besides  granules,  particles  of  food,  and  vacuola,  a  vesicular  body  which  he 
™med  to  be  nuclear,  or  a  germ,  developed  as  a  consequence  of  the  zygosis 
El  onemtion     Stein  encountei^d  once  or  oftener  a  simUar  body,  but  concluded 
rtTwasaccidental,  probably  of  -gotable  origin  an    n^^^^^^^^  any  degi-ce 
embryonic;  and  (p.  164)  he  expresses  himself  satisfied  tiiat  this  act  ot  con 
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jiigation  IS  not  associated  with  the  reproductive  faculty.  lu  fact,  he  has 
never  met  with  the  development  of  an  embryo  in  conjugated  individuals  of 
his  (Acinetiform)  Actinojphrys  and  Poclophrya.  Claparede  questions  (op. 
cit.  p.  286)  whether  the  compound  forms  noted  by  Stein  and  Perty  were,  as 
they  supposed,  all  derived  from  conjugation ;  and  he  proceeds  to  say  that,  if 
it  be  proved  that  more  than  two  individuals  may  thus  be  fused  together,  the 
connexion  of  conjugation  with  reproduction  will  become  exceedingly  doubtful, 
and  that  the  term  had  better  be  dropped,  and  either  Stein's  phrase  "  process 
of  fusion,"  or  Ehi-enberg's  word  "  zygosis,"  adopted  in  its  room.  Whatever 
value  attaches  to  Claparede's  deduction  from  the  circumstance  of  more  than 
two  being  fused  together,  there  can  be  no  doubt  that  this  may,  and  indeed  does 
fi-equently,  happen.  lieberkiihn,  one  of  the  most  recent  investigators  of  this 
group  of  beings  {Zeitsclir.  1856,  308),  recognizes  the  occurrence,  and  observes 
that  the  number  united  may  be  estimated  by  that  of  the  contractile  vesicles. 
The  process,  he  further  asserts,  is  not  one  of  genuine  conjugation,  but  merely 
a  temporary  cohesion  ;  for,  after  watching  a  gToup  for  six  hoiu's,  he  saw  the 
separation  of  the  several  component  individuals,  preceded  by  a  narrowing  of 
the  connecting  bands  or  commissures.  Such  is  an  outline  of  the  opinions  and 
statements  of  some  leading  naturalists  respecting  the  natui'e  and  design  of 
this  so-called  act  of  conjugation.  The  balance  of  authority  and  evidence  is 
against  the  supposition  of  its  reproductive  purpose ;  but  when  this  view  is 
rejected,  we  have  no  other  to  replace  it,  and  are  sensible  of  the  want  of 
sufficient  data  from  direct  observation  before  a  hopeful  attempt  can  be  made. 
Ehi-enberg,  it  should  not  be  omitted  to  state  (Monatsb.  Berl  Akad.  April 
1854),  started  the  notion  that  conjugation  is  intended  as  a  means  of  invigo- 
rating the  species:  "  a  curious  idea,"  says  Claparede  (op.  cit.  p.  286),  "and 
not  veiy  reconcileable  with  the  ordinary  laws  of  natiu-e." 

Kdlliker  (op.  dt.  p.  100)  canvassed  the  question,  if  Actinophi-yiaa,  along 
with  Rhizopoda,  are  to  be  considered  cells,  and,  after  an  elaborate  examina- 
tion of  the  point,  concluded  that  they  must  be  regarded  as  peculiarly  modified 
smiple  cells.  Claparede,  after  weighing  KoUiker's  arguments  and  reviewing 
the  structural  peculiarities  of  these  animalcules,  comes  to  the  opposite  conclu- 
sion, viz.  that,  "  as  regards  Actinop>}irys  Sol  in  particular,  we  must  either 
drop  the  class  of  imicellular  animals  altogether,  or  refer  this  animal  to  some 
other  place."  We  do  not  deem  it  at  aU  necessary  here  to  enter  upon  this  con- 
troversy;  it  has  ah-eady  engaged  our  attention  in  other  places,  and  has  of  late 
lost  much  of  its  mterest  by  the  extended  modifications  introduced  latterly  in 
that  particular  hypothesis  of  ceU-natiu-e,  which,  at  the  date  of  KoUiker's 
paper  m  1849  exerted  so  powerful  an  influence  over  the  histological  specu- 
lations of  all  the  writers  of  that  period.  ^ 

Localities.— ActmopJiryina  are  inhabitants  both  of  fresh  and  salt  water 
ihey  occm;  often  as  parasites  upon  the  lai-ger  Protozoa,  such  as  StyhnycJiia 

^Lel^^:,^^-^  te^r  l&Ti^ty'i: 

f n  fhril'°''   1  ^^™0PHiiTiNA.-AU  recent  writers  refer  tHs  group  of  beings 

Cilkta  of  m^ifo  f  ^^^^  Lezu^ophrys  and  Prorodon,  two  genera  of 

sketch  of  ft  V  f      "T}  organization.    Although  the  preceding 

hlll^Z^  lPS^^^^^^^^^  '''^  ^ff^r^l  '-^"^Pl^  evidence  of  many 

St  T  the  Rhizopoda,  yet  it  ^viU  equaUy  display  not  a  few  differ- 
ential characters,  sufficient,  we  believe,  to  sepamte  them  at  least  as  a  subclass 
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The  most  strildng  points  of  divergence  are  the  more  definite  and  constant 
figure  of  Actimpliryina,  their  peculiarly  formed  tentacula  in  lieu  of  ordinary 
variable  processes,  and,  of  minor  moment,  theii-  greater  immobility,  and  the 
operation  of  the  tentacles  in  the  introduction  of  food.    Acineta  was  placed  by 
Ehrenberg  with  Actinophrys  in  a  family  or  order  Acinetina  ;  and  most  writers 
treat  them  as  if  the  relation  between  these  two  families  were  actually  so  near. 
A  closer  attention  wQl,  however,  prove  that  something  more  than  a  generic 
difference  subsists,  and  that  Acineta  had  better  stand  as  the  representative  of 
another  group,  well  named  Acinetina,  although  more  limited  in  its  significa- 
tion than  that  so  termed  by  Ehrenberg.     The  most  tangible  differences 
between  Actinophryina  and  Acinetina  are,  that  no  food  enters  the  substance 
of  the  body  in  the  latter  group,  and  that  the  body  is  covered  with  an  integu- 
ment.   The  history  of  this  division,  as  far  as  at  present  known,  reveals  yet 
other' distinctions  ;  for  self-division  has  never  been  observed,  whilst  the  pro- 
duction of  motne  ciliated  embryos  from  the  interior  has  been  seen  over  and 
over  again,  without,  as  far  as  is  known,  an  antecedent  act  of  conjugation,  it 
must  hkewise  not  be  forgotten,  that  it  is  the  Acinetina  which,  accordmg  to 
Stein's  hypothesis,  constitute  an  intermediate  phase  of  existence  m  the  de- 
velopment of  many  Vorticellina.    Indeed,  could  this  naturahst's  supposition 
be  proved,  the  existence  of  Acinetimi  as  a  class  of  independent  bemgs  would 
at  once  be  sacrificed.    Another  affinity  is  discoverable  with  the  Polycystma, 
both  in  the  nature  of  the  soft,  muco-gelatinous  mass,  m  the  long,  tentacular 
filaments,  and  in  the  currents  of  granules  detected  in  the  processes  This 
relation  is  best  seen  with  some  Acanthometra  {vide  Muller's  paper,  ilfona  s- 
hericJit  Berlin,  Api-il  1855).    The  Actinophryina  are  related  to  the  Gihata  also 
by  their  sarcode,  by  the  structure  and  action  of  the  contractile  vesicle,  by  the 
formation  of  alimentary  vacuoles,  and  by  the  nature  and  composition  of  their 
oranules.    But,  over  and  above  these  general  resemblances,  a  more  special 
affinity  is  manifested  if  Cienkowsky's  statement,  that  the  fission  produced  is 
cSthed  ^th  vibratile  cilia,  be  correct.    This  degree  of  affimty  must  be  ad- 
mitted in  the  case  of  the  Acinetina  which  appear,  as  a  rule,  to  generate 

XeXe  histoiy  was  written.  Dr.  Sti-ethiH  Wright,  of  Edmburgh 
has  most  kindly  furnished  us  with  notes  on  several  Infusoria,  among  others 
of  two  new  forms  of  Actinophryina,  presenting  great  pecijanties  m  struc- 
LT  The  accoxmt  of  these  novel  genera  will  be  found  in  the  second  part  of 
tHs  work,  in  the  Systematic  History  of  the  Actinophryina. 

SUBFAMILY  ACINETINA. 
(Plates  XXm.  1-23 ;  XXYI.  3,  4 ;  XXX.  3,  4,  7,  8,  21-26.) 

TbP  reasons  for  separating  Acinetina  fi'om  Actinophryina,  with  wHch  they 

have  g  ne^^^^^^^^^^^  ^^^^^^  ^  ?l''"^'";JuS 

.  Ukewise  the  cMerential  characters  of  the  two  grmips,  and  the  supposed  pait 
the-Tplay  in  the  cycle  of  development  of  Vorticellina,  have  been  exammed. 
Kre^na^n  therefore,  to  fiU  up  the  history  of  the  Aci^uti^u^,  nothing  more 
thrsomTfiirther  remarks  on  the  various  forms  they  assume,  and  on  ceitain 

P'tS  o^lctf  »t  to  great  variety.    Pyxiform  ^d  ovoid  sha^s 
;l^n«t  nrcvalent:  but  some  are  almost  spherical,  and  others,  again 
are  the  most  Fcvalent    o  ^    ^  lobulated  anterior  end 

nearly  '^^^^^^^i^^^^^^^^^^  restricted  to  the  lobules  (6  17, 

\V)!"  T^esl  loJed  form:  have  no  such  firm  Legumcnt  or  capsule  at  aU  as 
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that  seen  in  others ;  or  the  anterior  lobed  part  is  undefended  by  such  a  cover- 
ing, except  of  a  very  delicate  and  yielding  structm-e.  Cienkowsky  speaks  of 
the  Acineta  he  examined  as  naked  without  limitaiy  membrane  (XXIII.  40). 
Very  frequently,  on  the  other  hand,  the  Acineta  is  entirely  enclosed  witlmi 
a  stout  capsule.  This  capsule  is  readUy  discerned  when,  as  frequently 
happens,  the  internal  animal  mass  of  the  Acineta  does  not  fill  it ;  or  it  may  be 
brought  into  view  by  the  application  of  diluted  acetic  acid  or  alcohol,  either 
of  which  causes  the  shrinking  of  the  contained  body.  In  general  the  capsule 
appears  to  be  a  very  thin,  colourless,  hyaline  membrane ;  but  after  the  action 
of  acetic  acid.  Stein  represents  it  to  be,  in  the  supposed  Acineta  of  Opercularia 
Lichtensteinii,  of  considerable  thickness  (XXIII.  22,  23).  This  thickening 
is  doubtless  due  to  the  action  of  the  acid  in  causing  the  membrane  to  swell 
out.  With  the  exception  of  the  so-called  Actinoj)hrys  Sol  of  Stern,  and  the 
Denclrocometes,  the  Acinetina  are  attached  by  a  stalk  of  vai'jdng  length, 
more  commonly  veiy  short,  to  the  body  on  which  they  hve  (XXIII.  17,  18, 
22 ;  XXVI.  3,  4).  This  stalk  or  pedicle  is  a  tubular  prolongation  backwards 
of  the  capsule  itself,  like  which,  it  is  hyaline  and  ti-ansparent. 

It  is  not  articulated  with  the  body  of  the  Acineta,  but  expands  more  or 
less  abruptly  into  the  capsule,  and  has  a  proportionately  greater  or  less 
infundibuiiform  figure.  Occasionally  the  stem  at  the  upper  part  has  trans- 
verse rugae,  and  in  a  few  instances  exhibits  a  sort  of  longitudinal  striae,  par- 
ticularly near  its  junction  with  the  body  (XXIII.  3,  4).  Stein  describes  the 
stem  of  the  supposed  Acineta  of  E;pistylis,  to  be  solid  like  that  of  an  Epistylis 
itself.  Frequently  the  capsule  is  thrown  into  transverse  folds,  at  times,  of 
considerable  depth.  There  is  no  aperture  in  it ;  but  it  is  penetrated  by  the 
tentacles  which  rise  from  the  contaiaed  organic  being.  The  capsule,  if  in 
some  specimens  of  considerable  firmness,  would  seem  to  be  in  others,  even 
when  thick,  very  yielding, — so  much  so  as  to  allow  great  variety  in  figure  by 
the  contractions  of  the  contained  body,  as  instanced  by  Stein  in  the  Acineta 
attributed  to  Operculana  Lichtensteinii,  The  tentacles  of  Acinetina  have  not 
the  uniformity  of  structure  seen  in  those  of  Actinopliryina.  In  some  Acinetce 
they  closely  resemble  those  of  Actinophrys,  are  long,  gently  tapering,  and 
capitate ;  in  others  they  form  parallel  tubular  processes,  dilated  a  little,  or 
not  at  all,  at  the  extremity,  and  either  straight  or  slightly  cui-ved  or  undu- 
lated ;  in  others,  again,  they  rather  resemble  bristles,  appear  stiff,  and  taper 
to  a  sharp  point.  In  the  remarkable  Acineta  caUed  Denclrocometes,  the 
tentacular  character  is  entirely  lost,  and  a  few  most  bizarre  branched  tubular 
processes  sprmg  from  one  to  six  points  of  the  surface  (XXX.  22,  23).  Per- 
haps these  processes  are  homologous  with  tentacles ;  yet,  unlike  them  they 
seem  to  be  formed  from  the  capsule  of  the  animal,  into  which  the  granular 
contents  of  the  mtenor  peneti'ate,  as  into  hoUow  tubules  prolonged  from  the 
surface  of  the  organism. 

Li  certain  ^a^zfiima  that  approach  Actinophrys  in  external  characters,  the 
tentacles  are  equaUy  difiused  over  the  body.  In  the  large  ppiform  Acineta, 
assigned  by  Stem  to  Operculana  articulata,  the  short  slender  tubular  pro- 
cesses appear  chiefly  marginal  (XXX.  3,  4).  The  digitate  Acineta  is  covered 
by  longtapermg  and  thick  processes  on  its  dorsal  convex  siuf ace  (XXIII. 
irl  tCl  f  ^'^^f^orm  Acineta  has  its  long  setiform  tentacles  in  twos 
and  threes  at  considemble  intervals,  chiefly  on  the  margin  (XXIII.  15,  16). 
The  Actinophryean  Acineta  of  Epistylis  plicatilis  bears  a  bimdle  of  long 
foiely  capitate  tentacula  on  each  of  its  four  lobes  (XVIII.  2);  that  of 
Vorhcella  nebidzfera  has  two  such  bundles,-whilst  the  triangular  ^cm. to, 
^th  Its  tongue-hke  process  (XXIII.  17,  18,  19),  carries  a  lai^e  expanding 
pencil  of  shorter  obtuse  tentacles  upon  each  angle  at  its  base. 
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The  tentacula  are  moveable  and  retractile,  the  divergent  bundles  may  be 
collected  into  parallel  groups,  and  drawn  inwards,  with  the  protniding  sup- 
porting lobes,  to  a  greater  or  less  extent.  Stein  affirms  that,  in  the  first  stage 
of  development,  Acinetce  have  no  tentacula. 

The  body  of  an  Acineta,  within  the  capsule  or  external  integument,  con- 
sists of  soft  colourless  sarcode,  rich  in  granules,  fat-corpuscles,  and  minute 
o'lobules.    It  is  enveloped  by  an  elastic  yielding  membrane,  which  becomes 
most  distinct  when  the  body  shi-ivels  within  the  capacious  cavity  of  the 
capsule  (XXITI.  3,  6,  8).    The  body  appears  in  some  Acinetce  capable  of 
extending  itself  above  the  capsule,  which  must  therefore  be  fissured  in  front, 
in  the  fonn  of  a  tongue-like  process  (XXIII.  17,  18,  19).    A  finely  granular 
and  opaque  nucleus  is  always  distinguishable  in  the  interior,  usuaUy  near  the 
centre.    Its  shape  is  very  varied,  and  may  be  oval,  ovoid,  clavate,  reniform, 
band-like,  vermiform,  or  horse-shoe  shaped  (XXIII.  1,  6,  17,  22).    In  a 
few  examples,  e.  g.  of  the  supposed  Adneta  of  Operculana,  it  is  much  and 
ii-regularly  branched  (XXX.  3,  4).    The  addition  of  dHute  acetic  acid  is  a 
ready  and  efi'ectual  means  of  biinging  the  nucleus  to  hght,  and  ot  demon- 
strating its  enclosing  sac ;  and  as  it  is  more  sohd  and  compact  than  the 
contents  aroimd  it,  it  may  now  and  then  be  separated  by  crushing  the  Acmeta. 
The  nucleus  is  enveloped  by  its  peculiar  membrane ;  a  fact  which  becomes 
evident  in  several  cases  by  the  apparent  double  line  sui-roundmg  its  gra- 
nular mass  (XXIII.  6-22).    In  a  few  instances,  moreover.  Stem  has  de- 
scribed a  contractUe  space  witHn  the  nucleus,  e.  g.  in  that  of  Operculana 

Not  unfrequently  the  nucleus  looks  as  if  double,  or  as  sending  ofP  a  process 
from  itself;  a  critical  examination  of  such  specimens  has  convmced  Stein  that 
the  offshoot  is  the  commencing  development  of  the  germ  or  embryo  ot  the 
Acmeta  (XXIII.  7,  8,  19).    This  he  has  proved  by  watchmg  the  micieus 
through  all  its  intermediate  stages,  from  a  simple  ovoid  or  elongated  figure 
until  the  embryo  has  grown  and  separated  itself  fi'om  it  prior  to  its  escape 
from  the  Acmeta.    The  nuclear  appendix,  when  separated,  is  found  to  have 
an  enclosing  membrane,  AvHch  ultimately  sui;romids  the  embiyo  like  a  sac, 
and  admits  of  a  certain  degree  of  movement  within  it  (XXlil.  4,  o;. 
.    inother  distinct  organ  of  Acinetina  is  the  contractile  vesicle.    UsuaUy  one 
onlv  is  present ;  but  in  some  instances  two,  and  more  rai-ely  three  or  more, 
make  their  appearance  (XXIII.  1,  5, 21).    Near  the  external  margin  a  series 
S  cleax  vesiiLr  or  vacuolar  spaces  presents  itself,  as  m  the  Diademiform 
Adneta  (XXIII.  15, 16)  ;  such,  however,  present  no  rhythmical  contmctions 
fnd  crnnot  be  regarded  as  tme  contractile  sacs     The  embiyos  developed 
fi'om  Acimtm  are  likewise  famished  with  one,  and  occasionaUy  with  two,  ot 
Siose  organs  (XXIII.  2,  4,  5,  15,  27).    Excepting  the  embi-yos  or  germs  no 
other  special  structui-es  are  seen  amid  the  granulai'  contents  oi  Aa^utum. 
AUmentary  vacuoles  and  pai-ticles  of  food  or  other  matters  denved  from  with- 
out never  Lke  theh-  appiarance ;  for  the  body,  even  if  not  entirely  enclosed 
w  thin  the  shut  sac  or  capsule,  is  covered  with  an  mtegument,  and  has  no 
Ti^  of  a  mouth  for  the  achnission  of  food.    Yet  ^cm.to.  generally  have  h^^ 
Ser  of  nourishing  themselves,  by  the  mechum  of  their  tentacula,  which 
Spear  to  Tct  as  suckers,  di-awing  in  by  endosmosis  the  nutnent  jmces  from 
nnimalcules  which  get  entangled  by  them. 
If  StSs  details  be  correct,  some  Acinetiform  beings  would  appear  to  have 
iwei  of  self-nutrition  ;  for  theii'  substance  is  described  as  graduaUy  i^ed 
F'The  ?omation7f  germs,  and  this  decrease  to  be  foUowed  by  a  shi-mking 
nllnnsfrthe  cap^^^^  but  at  a  comparatively  slower  rate.    This  phe- 
nomlr  is  X  ti^ed  b^  Stein  in  the  Acineta  ascribed  to  Vagm.ola 
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cri/stalKna,  and  in  the  so-called  Adneta  with  the  tonguc-Iike  process 
(XXIII.  17,  20). 

If  this  account  be  admitted,  that  certain  Adnetce  display  no  power  of  self- 
nutrition,  and  seem  destined  only  to  subserve,  as  mere  media,  the  purposes  of 
reproduction,  an  independent  natiu-e  could  scarcely  be  attributed  to  such 
beings,  and  their  history  woiild  be  entirely  comprehended  in  that  of  the 
beings  in  whose  cycle  of  development  they  might  enter  as  one  link.  Lach- 
mann  (A.  K  E.  1857,  xix.  p.  222)  has  the  following  accoimt  of  the  mode  in 
which  Acinetina  nomish  themselves  : — "  Each  ray  "  (tentacle)  "  is  a  sucking 
proboscis,  and  we  soon  see  that  a  cui-rent  of  chyme-particles  runs  from  the 
alimentary  cavity  of  the  captiu-ed  Infusorium  into  the  body  of  the  Adneta, 
through  the  axis  of  the  rays,  which,  after  seizing  the  prey,  have  become 
shortened  and  thickened.    In  the  body  of  the  Adneta  the  chyme-pai'ticles 
still  ran  at  first  in  a  slender  row,  but  afterwards  they  collect  in  a  drop,  which 
although  drops  are  also  formed  in  the  chyme  of  the  Adneta  by  other  suckers, 
soon  becomes  amalgamated  with  these.    When  a  considerable  quantity  of  the 
chyme  of  the  captured  animal  has  passed  over  into  the  body  of  the  Adneta, 
a  remarkable  change  gradually  takes  place  in  its  appearance:  if  it  was  previously 
pale,  nearly  transparent,  and  only  very  finely  granulated,  larger  dark  globules, 
resembhng  fat-di-ops,  now  make  their  appearance  here  and  there  ;  and  these 
soon  increase  so  that  the  body  (which  at  the  same  time,  of  course,  increases 
in  thickness)  acquires  a  coarsely-granular  aspect,  and  becomes  opaque.  The 
globules  or  drops  which  make  their  appearance  can  only  be  formed  in  the 
body  of  the  Adneta,  as  they  are  far  larger  than  the  chyme-particles  which 
are  seen  flowing  through  the  sucker.    The  animal  whose  contents  are  thus 
sucked  out,  gradually  collapses  and  dies  ;  many  become  liquefied  when  only 
a  httle  of  the  chyme  is  extracted  from  them,  others  stUl  live  for  a  long  time  • 
m  large  animals,  such  as  Styloni/cJiia  Mytilm,  Paramedum  Aurelia,  &c  the 
sucking  often  continues  for  several  hours." 

OBiom  AKD  Development  of  AcnraTurA.— In  oui-  history  of  the  development 
ot  ]^orticellina,  Stem's  hypothesis  of  the  transformation  of  those  highly-de- 
veloped Ciliata  mto  Acinetiform  beings  as  a  stage  of  existence  necessary  to 
their  development  by  embryos,  and  of  the  reconversion  of  the  embryos  into 
Uhata  of  the  primitive  type,  is  suflciently  enlarged  upon.  In  the  same 
chapter,  moreover,  Cienkowsky's  conta-adictory  statement  and  observation  are 
aetailed,  viz.  that,  though  AdnetcB  develope  ciliated  embiyos,  yet  these 
Z^S-^rTTi?-  ^'^^f  ^^'i  ai-e  not  trans- 

3nnV  1         .^'^'^^^■^g  to  this  opinion,  the  Acmethm  take  a 

VTZ.  ^.^/^f  ^'i'^^t  bemgs  in  the  animal  series.    Stein  determined,  to 

X^^l^-       '  P^^«^  ^  Vorticellvna  and 

Gothurnia  maritvma  Bpirodwna  gemmipara. 

Op^rcularra  a^adata.  Vorticella  microstoma, 

^ercui       ^  Vorticella  nehulifera. 

Op^cularia  Lrchtensteirdi.  Zoothamnmm  aLe. 

Ophrychum  versatde.  Carchesium  py'^n^um? 

ratlJlstvtlT^'^'.  Acinetg)rm  beings  assigned  to  the  species  enume- 
afford  a  Sire  Zl?  f  History  of  the  Adnetina,  whichNviU  likewise 

Sll  thaVr^^^^^^         °^  Ff.  «*^-"«ture  and  forms  of  this  pecuHar  class 
01  oeings  tlian  the  above  general  history  itself. 
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STJPPLEMENTAEY  FAMILIES  OF  PEOTOZOA. 

A.  Geegabinida.  Thetk  Geneilal  Chahactees,  Steuctuee,  and  Affini- 
ties. The  Oregarinida  constitute  one  of  the  three  groups  into  which  several 

eminent  naturahsts  subdivide  the  Protozoa  ;  they  therefore  claim  from  us  a 
brief  description. 

They  are  of  the  most  simple  structure  ;  indeed,  some  wiiters  i^lace  them 
below  the  Ehizopods  in  the  animal  series,  because,  unlike  these,  their  simple 
type  undergoes  no  further  elaboration  or  developmental  complication.^  They 
are  parasites,  living  in  the  visceral  cavities  of  other  animals,  and  ia^  their 
simple  structure  are  comparable  to  a  ceU,  or  to  the  ovum  of  higher  animals. 
Thus  they  consist  of  a  homogeneous  albumiuous-like  matter,  with  numerous 
granules  of  coarser  and  finer  character  and  fat-like  globules,  enclosed  within 
a  membrane  of  more  or  less  perfect  structure,  which  in  all  essential  points 
represents  a  cell- wall;  besides,  they  have  always  one  distinct  central  vesicular 
body  or  space  containing  one  or  more  granules,  and  evidently  of  the  nature 
of  a  nucleus.  Of  these  parts,  the  general  mass  may  be  taken  to  resemble  the 
yelk-matter,  and  the  nucleus  the  germinal  vesicle  of  an  ovum. 

The  enclosing  membrane  is  very  yielding,  and  admits  of  great  and  constantly 
fluctuating  alterations  of  figure  by  the  varying  contractions  and  extensions 
of  the  iuternal  contractile  mass  ;  but  there  is  no  such  thing  as  the  formation 
of  pseudopodes,  as  happens  among  Ehizopoda.  It  is  entire,  without  orifice 
either  in  the  shape  of  a  mouth  or  anus ;  consequently  no  foreign  particles  are 
ever  seen  in  the  interior.  Moreover,  the  Gh^egarinida  contain  no  contractile 
vesicle,  and  have  never  been  found  to  undergo  either  fission  or  gemmation. 
Their  vital  endowments  are  so  slight,  that  their  animality  is  at  first  sight 
doubtful ;  but,  unlike  vegetable  organisms,  their  envelope  contains  no  ceUulose. 

The  above  brief  account  comprehends  all  that  can  be  stated  generaUy  of  the 
organization  of  these  simple  creatiires,  which,  if  above  the  Anuebcea  in  the 
possession  of  a  more  or  less  definite  membrane,  yet  sink  beneath  them  m  not 
possessing  a  contractile  vesicle.  . 

Notwithstanding  their  simplicity  of  stractiire,  they  yet  are  ti^y  animal 
organisms,  enjoying  an  independent  existence,  manifesting  the  phenomena  ot 
motion,  growth,  nutrition,  and  reproduction,  in  the  last  of  which  they  exhibit 
a  peculiar  cycle  of  changes.  •  ri 

Moreover,  there  are  various  notable  differences  between  the  various  (jvega- 
rinida  known,  with  respect  to  size,  figure,  to  the  activity  of  theu;  functions, 
and  to  some  minuter  points  of  structiire.    Hence  theii-  division  into  genera 

^^In  sizTthey  vary  fi'om  four  or  five  Hues  (as  in  the  genus  Didymophrys)  to 
a  few  thousandths  of  an  inch.  Of  their  figui-e,  some  ai-e  sunply  rounded  or 
oval  sacs,  s^m  Monocystis;  others  constricted  around  the  middle,  e  g  (Orega- 
rinida Again,  the  majority  have  a  smooth,  naked  membrane,  whilst  others 
are  armed  with  a  ring  of  imcini  at  one  extiemity,  like  many  Hehmntludm. 

When  two  nuclei  occur  in  a  single  animal,  it  probably  betokens  an_  act  ot 
renroduction.  The  encysting  process  is  exHbited  among  the  aregarimda,  m 
connexion,  however,  only  with  their  reproductive  processes,  and  has  this  pe- 
niHaritv  that  it  does  not  occur  to  a  single  individual,  but  to  two  togetliei, 
wHch  become  enclosed  within  the  common  cyst  or  capsule.  Li  theu-  progress 
+^  tb^s  union  the  two  Gregarince  are  seen  fiii-st  to  approach,  and  then  by  mu- 
tud  pressure  to  flatten,  the  opposed  surfaces,  so  that  the  binatc  being  acquires 
!  SobSar  form.  The  substance  to  form  the  cyst  is  in  the  meantnne  tlirowni 
out  of  a  soft  gelatinous  consistence,  but  gradually  becomes  condensed  and 
contracted  into  a  membranous -looking  capsule. 
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Stem  stated  that,  on  the  completion  of  the  act  of  apposition,  an  actual 
fusion  of  the  contents  of  the  two  animals  transpired,  the  opposed  walls  being 
previously  removed  by  absorption.  Other  observers  state,  however,  that  there 
is  no  such  removal  of  the  external  membranes,  and  that  the  reproductive 
processes  in  the  interior  of  each  being  proceed  without  any  real  commingling 
of  their  contents,  which  is  a  subsequent  and  probably  not  a  necessaiy 
event. 

This  act,  which,  fi'om  its  general  resemblance  to  the  zygosis  of  plants,  is 
spoken  of  as  one  of  conjugation,  appears  immediately  concerned  in  the  de- 
velopment of  a  multitude  of  germs  within  each  Gregarina,  by  the  general 
breaking  up  of  the  granular  contents.  StiU,  if  Lieberkiihn's  account  be  ad- 
mitted, this  process  of  conjugation  is  not  a  necessaiy  prelude  to  the  develop- 
ment of  the  internal  germs ;  for,  according  to  it,  this  result  may  accrue  in 
individuals  which  have  never  conjugated. 

The  germs  assume  a  rod-  or  spindle-shaped  figure,  which,  from  its  re- 
semblance to  the  prevailing  form  of  the  JSfavicidce,  has  suggested  for  them  the 
name  of  "  Ifavicellce  "  or  "  pseudo-JSfavicellce."  They  consist  of  an  external 
comparatively  firm  wall,  enclosing  a  finely-granular  gelatinous  substance. 

When  the  "  Navicellce  "  are  sufficiently  mature,  the  cyst  of  the  Gregarince 
bursts  and  sets  them  at  large.  Their  future  history,  according  to  Lieberkiihn's 
researches,  is,  that  the  case  of  each  pseudo-Navicella  ruptures  and  gives  exit 
to  the  soft  contained  matter,  which  at  first  much  resembles  a  minute  Amoeba, 
but  gradually  assumes,  by  progi'essive  growth  and  the  formation  of  a  pellicle 
around  it,  the  characters  of  a  Gregarina. 

Between  this  mode  of  development  of  Gregarinida  and  that  of  the  Ciliated 
Protozoa,  Leuckart  draws  this  distinction,  that  in  the  former  it  consists  in 
the  production  of  granular  germs,  in  the  latter  of  living  embryos.  But  it  may 
be  questioned  whether  there  is  a  positive  difference  in  kind  between  these 
two  results  of  the  reproductive  process,  and  whether,  on  the  contrary,  the 
Navicellce  of  the  Gregarinida  may  not  be  considered  as  merely  encysted  em- 
bryos, homologous  with  those  of  Golpoda  Gucidlus  among  the  Ciliata. 

The  act  of  conjugation  in  the  Gregarinida  is  not  precisely  like  that  occur- 
ring among  the  lower  Algae,  the  leading  difference  being  that  in  the  former 
there  is  no  commixture  of  the  two  approximated  beings.  In  all  essentials, 
indeed,  conjugation  in  this  family  resembles  that  believed  to  happen  in  the 
Act  inophryina . 

There  has  been  much  dispute  whether  the  Gregarinida  are  to  be  held  ia- 
dependent  animals,  or  merely  embryonic  phases  of  others ;  the  balance  of 
authority  is  in  favour  of  the  former  view.  KoHiker  and  Leydig  advocated 
the  opinion  that  they  are  metamorphic  stages  of  Anguillulo}  or  Filarice,  or  a 
link  in  the  series  of  development  of  the  Helminthidai.  The  arguments  adduced 
by  Leydig  are  thus  briefly  stated  {J.  M.  S.  i.  p.  208,  and  Miiller's  Archiv, 
1851) : — "  In  the  intestine  of  a  large  species  of  Terebella  he  was  enabled  to 
observe  the  most  distinct  transition  between  Filaria-Uke  Nematoid  worms  and 
Gregarince.  The  forms  of  the  latter,  which  he  observed  not  once  only,  but 
many  times,  were— 1.  A  Gregarina  of  from  0-02'"  to  0-04'"  long,  which  had 
the  form  of  an  elongated  sac,  rounded  at  one  extremity,  and  shai-p  at  the 
other.  The  contents  wore  those  usual  in  the  Gregarinai—a  consistent  fluid 
with  a  corpuscular  substance,  which  did  not  occupy  the  pointed  end,  and  im- 
bedded m  this  a  clear  vesicle  with  a  nucleus.  2.  A  Gregariniform  creature, 
oi  a  spindle-shaped  figure,  closely  resembling  Gregarina  Terebella;,  Kohl. 
3.  A  Gregarina,  generally  resembling  the  preceding,  diflForing  only  in  two 
particulars:  the  internal  substance  is  arranged  in  longitudinal  streaks; 
and  the  body,  mstead  of  being  straight,  is  more  or  less  ciu-ved  at  each  end. 
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4.  The  same  form,  but  with  the  body  more  elongated,  vermiform,  and  for  the 
first  time  exhibiting  motion.  5.  A  very  pretty  Nematoid  worm,  about  O-IO'" 
long,  blunt  at  one  end,  sharp  at  the  other;  the  contents  in  longitudinal 
streaks,  as  iu  the  two  preceding  forms,  but  with  the  spaces  between  them 
wider.    Its  motions  are  very  active." 

This  view  of  a  metamoi-phosis  being  admitted,  the  question  arises,  do  the 
Oregarince  become  changed  into  Filarim  ?  or  is  it  that  the  Filaria-]ike  worms 
are  transformed  iato  Gregarince  ?  Although  at  first  iachned  to  consider  the 
former  as  the  true  state  of  the  case,  Leydig  is  now  disposed  to  follow  Heule 
and  Bruch,  and  adopt  the  latter  view ;  otherwise  it  would  seem  impossible 
to  account  for  the  formation  of  the  pseudo-Navicellce  and  "  Psorospermia  " 
within  the  "  Oregarince." 

Kblliker  has  the  following  remarks  on  this  subject  {J.  M.  S.  i.  p.  212) : — 
"  Although  the  change  of  a  Filaria  into  a  Gregao'ina  is  not  an  impossible  cir- 
cumstance, before  we  admit  such  a  thing  it  is  fii-st  necessary  to  inquire  whe- 
ther the  facts  stated  may  not  be  otherwise  explained.  It  is  by  no  means 
proved  that  the  Ayiguillula-Uke  animal  noticed  by  Henle,  and  termed  by 
Bruch  Filaria,  is  really  a  Nematoid  worm."  Kolhker  is  more  incliaed  to 
regard  it  as  an  Infasorium  aUied  to  Oj)alina,  Proteus,  &c.  If  this  be  the  case, 
there  is  nothing  extraordinary  in  its  transformation  into  a  Gregarina,  and 
finally  into  a  iVaviceHa-receptacle. 

"  Por  many  reasons,"  says  Stein  {Zeitschr.  m.  1852),  "  the  endeavoTir  to 
show  the  Gregarince  to  be  larvae  of  higher  animals,  and  especially  to  connect 
them  with  encysted  Nematoid  worms,  appears  to  be  a  vain  attempt.  Thus,  I 
am  acquainted  with  Gregarince  of  such  peculiar  forms  that  one  requires  a 
very  strong  imagination  to  deduce  them  from  Nematoidea,  or  to  suppose  they 
can  pass  into  these.  The  encysted  Nematoidea  are  always  found  in  the  cavity 
of  the  body  of  insects,  never  in  their  intestinal  canal,  where  alone  encysted 
OregarincB  are  to  be  found."  Again,  the  cysts  of  the  Nematoidea  of  insects 
are  made  up  of  nucleated  ceUs,  and  are  plainly  a  product  of  the  vital  activity  of 
the  insects,  not  the  exudation  of  the  enclosed  worm,  whUe  the  cysts  of  Gre- 
garince are  produced  as  an  amorphous  secretion  from  the  animals  themselves. 
"  If,  therefore,  encysted  Nematoidea  change  into  Gh-egarince,  or  vice  versa,  their 
cyst  must  undergo  a  metamorphosis  which,  perhaps,  no  one  will  assume,  and 
of  which  no  observer  has  seen  anything." 

Lieberkiihn's  observations  have  gone  far  in  showing  that,  under  usual  con- 
ditions at  least,  the  Oregarinida  are  not  converted  into  Filarice  or  any  other 
form  of  Vermes,  but  that  their  germs,  after  a  short-lived  Amoebiform  period, 
not  amounting,  however,  to  a  true  metamorphic  stage,  assume  the  character 
of  their  parent.  Thus  the  cycle  of  development  of  these  beings  appears  com- 
plete ;  the  saccular  animal  constructs,  by  a  process  of  segmentation  of  its  in- 
ternal substance,  a  host  of  germs,  which,  after  breaking  loose  fi-om  their 
parent  and  involving  its  destruction,  emerge  from  theii-  cases  in  a  soft  Amoe- 
biform  condition,  and  soon  acquire  the  matuj-e  Gregai-iniform  condition.  The 
Gregarinida  exhibit  a  marked  affinity  with  other  Entozoa,  particularly  with 
the  Trematoda  and  Opalincea  ;  and,  as  before  remarked,  they  are  aUied  with 
the  Amoehcea  in  the  extreme  simplicity  of  their  stnictiu-e.  _  By  the  possession 
of  a  limiting  membrane  (not  independent  or  separable,  indeed),  they  stand 
between  the  mucilaginous  fluctuating  Amoebcea  and  the  Ciliated  Protozoa. 
Unlike  the  Amcebcea,  they  do  not  receive  into  their  substance  sohd  particles, 

 a  circumstance  explicable  by  their  being  covered  by  a  somewhat  resistant, 

hardened  lamina  or  tegument,  which  necessarily  impedes  that  peculiar  intus- 
susception of  solid  matters  witnessed  in  that  family. 

As  to  habitat,  the  Gregarinida  are  parasites  in  the  intestines  of  various  In- 
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vertebrate  animals — ^womis,  mollnsks,  and  insects, — but  have  not  been  found 
in  Vertebrata. 

B. — PsoEOSPEEMiA  (Plate  XXII.  37-41). — This  is  a  small  group  of  para- 
sitic animals,  first  observed  by  John  Miiller  in  1841,  closely  related  to  the 
Gregarinida,  of  which,  iadeed,  they  might  be  iacluded  as  members.  UnHke 
the  Gregarince,  they  live  upon  vertebrate  animals,  viz.  upon  many  species  of 
fish,  about  their  skin,  gUls,  and  internal  organs,  several  together  enclosed 
within  sacs. 

Leydig  has  more  recently  appHed  himself  to  the  study  of  these  minute 
parasites,  and  has  given  the  results  of  his  observations  in  Miiller's  Archiv  for 
1851,  of  which  an  abstract  appeared  in  the  Journ.  of  Mic.  Science,  i.  p.  206, 
which  we  shall  here  take  the  liberty  of  using,  as  sufficient  for  our  pur- 
pose : — 

"  The  Psorospermia  are  microscopical  corpuscles  of  a  peculiar  kind,  which 
may  be  generally  characterized,  in  the  full-grown  condition,  as  rounded 
organisms,  having  a  sharply- defined  outHne,  with  or  without  a  tail-like  ap- 
pendage.   They  are  flattened  and  lenticular  in  figure,  and  one  pole  is  usually 
acuminate ;  and  towards  this  pole  several  internal  vesicles  converge  in  a 
symmetrical  manner.    These  creatures  were  discovered  by  John  MiiUer  in 
1841  (MiiU.  Archiv,  1841,  p.  477).  He  found  in  a  young  pike  minute  roimd 
cysts  in  the  cellular  tissue  of  the  muscles  of  the  eye,  in  the  substance  of  the 
sclerotica,  and  between  this  and  the  chloroid  coat.    The  contents  of  the  cysts 
was  a  whitish  substance,  which,  when  examined  microscopically,  was  found 
to  consist  of  peculiar  elements — the  '  Psorospermia.'    [A  detailed  notice  of 
these  observations  is  given  in  the  Microscop.  Journal,  vol.  ii.  p.  123,  and  in 
the  Brit,  and  Foreign  Med.  Rev.,  January,  1842.]    In  the  following  year  the 
same  observer  (MuUer's  Archiv,  1842,  p.  193)  discovered  parasitic  corpuscles 
in  the  swimming-bladder  of  a  Oadus  Callarias,  which,  although  specifically 
distinct  from  the  Psorospermia,  approached  very  near  to  the  latter  in  their 
organization.    They  resembled  in  general  a  smooth  ventrieose  Navieula,  and 
consisted  of  two  elongated  cases  apphed  to  each  other  at  the  cavity,  and  with 
an  elliptical  outline  and  convex  outer  surface.    They  were  in  part  fi-ee,  in 
part  enclosed  in  masses  within  a  tunic.    Similar  cysts,  containing  Psorosper- 
mia, have  been  foimd  by  Leydig  in  several  species  of  fish,  and  in  aU  parts 
nearly  of  their  bodies,  and  even  in  the  blood  contained  in  the  heart  and  in 
the  peritoneal  cavity. 

"  Some  facts,  however,  observed  by  him,  connected  with  this  subject  which 
came  under  his  notice  in  1850,  during  some  researches  on  the  cartilaginous 
fashes,  served  to  throw  a  more  general  Hght  upon  these  mysterious  forms 
_  "  In  the  gaU-bladder  of  a  Squatina  Angelus  there  occurred  in  the  bile  and 
in  large  quantity,  peculiar  forms  of  various  organization,  but  which  were 
manifestly  developmental  forms  :— 1.  Eounded  vesicles,  consisting  of  a  dehcate 
membrane  and  a  consistent  fluid  j  the  latter  was  of  a  yeUow  colour,  and  con- 
tamed  a  multitude  of  also  yeUow  granules.  2.  Other  vesicles  presented,  be- 
sides these,  other  elements  of  a  new  kind :  in  the  middle  of  the  gramdai- 
Tn^of  7r'^\P°rf^«tiy  transpai-ent  ccUules  ;  smaU  vesicles  had  only 

one  of  these  ceUules  larger  ones  as  many  as  six.    3.  Other  parent  vesicles 

'^^^  ^  ^-^^^  contents^knTsec^^^^^^^^^^^^ 

irtt  lnXiT.^  ^^"^^y^  ^^^1^  secondary  vesicle.  4. 

JndSoP  ornl     'fl  secondary  vesicle  had  attained  a  large  size, 

tho  whofp  f T  ^  'P''^^^^^^^  ^1^^^  which  occupied  neari; 

f      P  Besides  these  motionless  cysts,  there  were  nu- 

merous free  Psorospermia  in  the  bile. 

"  He  found,  upon  examination,  very  similar  things  in  other  fishes  of  the 
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same  class, — as  in  Spinax  vulgaris,  Scyllium  Ganicula,  Torjjedo  NarJce,  and 
Baja  Batis,  in  -wHch  the  Psorospermia  differed  from  the  more  usual  form,  in 
being-  grooved  or  ribbed. 

"  It  was  veiy  remarkable  that  the  above-described  organisms  were  never 
met  witli  in  any  other  part  or  tissue  of  the  body  than  the  gaU-bladder  or 

biliary  duct.  .    .         j  ,   x,  -  , 

"  With  respect  to  the  nature  of  those  bodies,  Leydig  is  melined  to  think 
that  the  cyst  should  be  regarded  as  belonging  to  the  family  of  the  Gregarime, 
and  that  the  Psorospermia  must  be  looked  upon  as  generically  analogous  to  the 
pseudo-JSfavicellce  which  have  been  observed  to  be  generated  within  the  Gre- 

garince.  . 

"  The  question  next  arises,  as  to  the  existence  of  similar  Gregarmiform  or- 
ganisms produciag  Psorospermia  in  fresh-water  fishes.  Leydig  thinks  there 
is  reason  to  suppose  that  the  animalcule  discovered  by  Yalentin  in  the  blood 
of  Salmo  Fario  is  a  Qregarina.  Moreover,  John  Miiller  and  Leydig  have  ob- 
served two  or  three  ecaudate  Psorospermia  in  Leuciscus  Dohulst  enclosed  in  a 

cyst,  ^whence  it  might  be  supposed  that  secondary  cells  may  be  developed 

withia  one  of  Yalentin' s  Hsematozoa  after  it  has  been  conveyed  in  the  course 
of  the  circulation  to  one  organ  or  another,  in  which  cells  Psorospermia  may 
originate.  With  the  growth  of  the  latter,  the  granular  contents  of  the  Gre- 
qanna  graduaUy  disappear,  which  are  thus  transformed  into  cysts  fiUed  with 
Psorospermia.  Such  a  cyst  would  then  be  equivalent  to  a  Navicella-vece^- 
tacle." 

Prof.  Huxley,  in  his  Lectures  on  Natural  History  (Medical  Times,  1856, 
xxxiii.  p.  508)  has  the  following  account : —  •  i 

"  The  Psorospermia  are  pyriform  sacs,  frequently  provided  with  an  elon- 
gated filiform,  motionless  appendage,  and  containing  two  or  four  clear  rounded 
bodies,  attached  side  by  side,  within  their  smaUer  ends,  and  besides  these, 
as  Lieberkiihn  has  lately  pointed  out,  a  rounded  mass  of  plasma.  Under  fittmg 
conditions,  the  Psorospermia  bui'st,  and  the  plasmatic  mass  emerges  as  an 
Amcebiform  creature.  The  sacs  in  which  the  Psorospermice  are  developed, 
on  the  other  hand,  can  be  traced  back  to  Amcebiform  masses  full  of  granules ; 
and  it  seems  a  legitimate  conclusion,  that  the  Psorospermia  are  the  pseudo- 
NavicellcB  of  an  Amcebiform  Qregarina  or  Gregarinoid  Amoeba." 

SUBSECTION  II.— CILIATA. 
(Plates  XXIY.-XXXI.) 

According  to  the  arrangement  we  have  adopted  (p.  200),  the  Ciliata,  as 
a  subsection  of  Protozoa,  are  divisible  into  two  groups :— 1.  Of  such  as  axe 
mouthless ;  2.  Of  those  possessing  a  mouth.  The  former  gTOup  constitute  the 
Astoma,  the  latter  the  Stomatoda.  ^  j-a 

In  Ehrenberg's  system  the  Astoma  were  not  recognized ;  for  where  He  aid 
not  find  a  mouth  in  any  ciliated  Polygasirica,  he  nevertheless  assumed  its 
existence,  supposing  that  from  its  minuteness,  or  some  other  cause,  it  merely 
escaped  observation.  This  procedure  was,  indeed,  rendered  necessary  by  the 
hvnothesis  with  which  he  set  out,  of  their  polygastric  orgamzation. 

It  must  be  admitted,  to  Ehi-enberg's  credit,  that  recent  researches  have 
Tiroved  him  right  in  assigning  a  mouth,  in  by  very  far  the  largest  number  ot 
P^Hflted  Protozoa,  contrary  to  the  assertions  and  opinions  broached  by  manyot 
the  most  eminent  microscopists  a  few  years  since.  Yet  there  is  a  hmited 
numrr  of  mouthless  CiHata,  independently  of  the  peculiar  famdy  repre- 
sented by  the  genus  Aotinophrgs,  placed  veiy  erroneously  in  the  familj 
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Enchelia  by  Ehrenberg,  wliich  must  be  separated  not  only  from  Stomatoda, 
but  also  fi-om  the  Ciliata.  This  separation  we  have  carried  out,  in  consti- 
tuting the  two  groups  Actinop?iryina  and  Acinetina,  intermediate  between 
Ehizopoda  and  Ciliata.  Excluding  these  very  remarkable  creatures,  the 
Ehi-enbergian  families  comprehended  in  our  history  of  Ciliata  are  the  Peri- 
diniaa,  Dinohryina,  Vorticellina,  Ophrydina,  Enchelia,  Colepina,  Traclielina, 
Ophiyocerdna,  Aspidiscina,  Kolpodea,  Oxytricldna,  and  Euplota, 

Among  the  Traclielina  were  enumerated  those  very  simple  parasitic  beings' 
which  late  observations  have  proved  to  be  mouthless,  and  are  referred  chiefly 
to  a  genus  Opalina.  These  we  therefore  abstract,  and,  treating  Opalina  as  the 
type,  have  constituted  a  new  family,  Opalincea,  a  member  of  the  group  Astoma. 
In  connexion  with  this  we  have  placed  the  very  imperfectly  known  Peridinicea, 
although  some  recent  writers  seem  disposed  to  attribute  to  them  the  posses- 
sion of  a  mouth  and  digestive  apparatus.  The  organization  of  the  Dinohryina 
is,  if  possible,  still  less  imderstood ;  and  since  we  have  no  other  descriptions  of 
it  than  those  supplied  by  Ehi-enberg,  we  shall  allow  it  to  be  mustered  with 
the  other  ciliated  families  named  in  the  large  group  of  Stomatoda. 

GeOUP  a.  AsTOMA,  AsTOMATOUS  OE  JVIOUTHXESS  CllIATA. 

FAMILY  I.— OPALIN^A. 
(Plate  XXII.  46,  47.) 

Geneeai  Chasactees  and  FimcTioirs. — This  family,  represented  by  the 
genus  Opalina,  consists  of  minute  miscroscopical  animalcules,  moved  by  vibra- 
tile  cilia  distributed  generally  over  the  body,  without  mouth,  of  an  oval  or 
oblong  compressed  figiu-e,  living  parasitic  in  the  interior  of  larger  animals, 
upon  whose  juices  they  nouiish  themselves.  Their  contents  consist  of  a 
finely-granular  substance,  hollowed  out  into  a  small  number  of  vesicular 
spaces,  with  no  contractile  power ;  extending  through  the  centre  is  an  elon- 
gated band-hke  (ligulate)  nucleus,  enclosed  by  a  definite  but  delicate  mem- 
brane, and  composed  of  a  homogeneous  finely-granular  substance.  In  two 
species,  0.  Planariarum  and  0.  uncinata  (XXII.  46,  47),  a  lai-ge  pulsating 
vascular  canal  is  foimd  ;  the  latter  species  is  also  furnished  with  strong  hooks, 
whereby  it  eff'ects  its  attachment  to  the  intestinal  surface,  from  which  it  draws 
its  nutriment.  Propagation  takes  place  by  transverse  self- division,  and  also,  in 
the  opinion  of  a  few  observers,  by  germs  or  embryos.  The  OpaUnce  ai-e  com- 
posed of  sarcode  enveloped  by  an  integument,  and  rapidly  undergo  diffluence. 

In  several  species  the  existence  of  a  mouth  has  been  surmised,  for  instance 

by  Ehrenberg  in  Bursaria  {Opalina)  Banarum,  and  by  Dujardin  in  Opalina 
Lumbrici.  All  doubt  on  this  point  may  be  always  removed.  Stein  teUs  us 
(op.  a<.  p.  181),  by  using  chemical  reagents,  such  as  alcohol,  acetic  acid,  or 
weak  solution  of  iodine,  which  destroy  the  fold,  and  prove  no  real  opening  to 
exist.  If  ftu-ther  proof  were  wanted,  the  constant  absence  of  foreign  particles 
m  the  interior  might  be  adduced.  Tliis  absence  of  a  mouth  affords  evidence 
of  the  merely  transitional  nature  of  Opali^ma;  for  the  same  featm-e  prevails 
m  the  case  of  embryos  produced  from  the  Acinetina  &c 
r^Itj"'''^  11     "'^^T'^''  "  ^'-^c^^oles,"  seen  in  greater  or  less 

nZiSL  f  ""^v  f^-«  ^^-egnlarly  disposed  in  the  interior,  and, 

accordmg  to  this  author  and  Stem,  have  no  limiting  membrane.  However 
this  may  be  they  remain  clear  and  transparent  when  the  rest  of  the  contents 
are  coloured  by  the  bile  of  the  animals  the  Opalina^  inhabit.  This  fact, 
moreover  attests  another,  viz.  that  they  cannot  owe  theii-  formation  to  fluids 
received  from  without,  but  that  it  must  depend  on  the  peculiar  properties  of 
the  contents  themselves.    The  formation  of  vacuoles  in  OpaKnof  was  adduced 
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to  disprove  the  origin  of  the  alimentary  globules  in  the  Ciliata  generally  by 
the  introduction  of  liquid  from  without ;  but  it  is  to  be  remembered  that  in 
these  two  groups  of  organisms  we  have  very  different  structui'al  conditions, 
and  that  in  the  Ciliata  the  entrance  of  water  mostly  holding  solid  particles 
in  suspension,  thi'ough  the  oesophagus,  and  the  moulding  of  it  into  a  more 
or  less  spherical  outline,  are  matters  suiBLciently  proved  by  direct  observation. 
We  have  stated  above,  that  the  vesicles  are  not  contractile ;  Dujardia  has, 
however,  described  those  of  LeucopJirys  striata  as  irregidarly  so. 

The  cilia  are  disposed  in  longitudinal  lines,  and  in  some  iastances,  where 
there  are  ridges  or  margins,  present  a  greater  length  and  thickness,  as,  for 
instance,  upon  the  edges  of  the  curved  surface  by  which  the  0.  Plawriarum 
adheres. 

The  sui-face  can  throw  itself  into  plaits  or  folds, — an  occurrence,  however, 
probably  limited  to  animals  in  a  diseased  or  dying  state,  as  Perty  remarks  in 
speaking  of  Opalina  Banarum  (op.  at.  p.  156). 

The  Opalincea  are  not  very  active ;  they  swim  onwai-ds,  moving  at  the  same 
time  in  an  oscillating  manner. 

The  above  account  comprises  all  that  can  be  stated  of  the  Opalinaia  gene- 
rally, since  the  differences  in  internal  structure  among  the  several  reputed 
species  are  so  great,  that  it  constitutes,  as  Steia  points  out  (op.  dt.  p.  182), 
a  strong  argument  against  the  existence  of  the  family  as  a  group  of  inde- 
pendent beings.    However,  from  the  study  of  the  peculiarities  of  the  several 
members  of  the  admitted  genus  Opalina,  this  author  reduces  them  to  three 
types,  viz. : — 1.  The  most  common  form  of  Opalina,  represented  by  the 
Leucophrys  striata  of  Dujardin,  has  an  oblong  body,  marked  by  some  35  longi- 
tudinal granular  stride,  and  contains  a  number  of  vacuoles  varying  according 
to  external  conditions,  and  a  central  band-like  nucleus.    This  animalcule 
occurs  in  the  interior  of  the  common  earth-worm  (Lumbricus).    Stein  found 
them  of  different  lengths  fi-om  1-60"'  to  1-14"',  and  in  all  stages  of  the 
process  of  transverse  fission.  When  placed  in  water,  they  become  more  active. 
2.  The  second  form  differs  from  the  preceding  by  the  irregular  distension  of 
the  body  when  placed  in  water :  a  strong  endosmotic  currents  sets  in  through 
the  enclosing  wall  and  raises  it  from  its  contents,  so  that  these  at  length  pro- 
duce the  appearance  of  a  smaller  Opalina  enclosed  within  a  large  one.  Du- 
iardin  has  described  this  variety  under  the  name  of  Leucophrys  nodulata. 
This  Stein  would  unite  with  the  first  named,  under  the  term  of  Opalina  Lum- 
brici,  which,  indeed,  Schultze  applied  to  the  same  animalcule.    3.  The  third 
modification  of  Opalina  might  be  treated  as  an  independent  species ;  for, 
notwithstanding  a  general  resemblance,  it  has  a  striking  pecuhanty  of  its 
own,  visible  under  a  strong  magnifying  power  (such  as  100  diametera),  m  the 
shape  of  a  single,  strong,  homy  apparatus,  placed  near  the  antenor  end  on 
the  flat  abdominal  surface  of  the  animal  (XXII.  47).    Prom  a  short  common 
base  sitiiated  to  the  right  of  the  median  line,  slightly  curved,  uncmate, 
pointed  processes  are  given  off,  of  which  one  is  much  longer  and  stronger 
than  the  other.    To  the  left  of  this  organ  a  fold  or  furrow  occurs  in  the 
surface,  which  might  be  mistaken  for  the  entrance  to  a  mouth.    The  deve- 
lopment of  this  organ  may  be  readily  foUowed  during  self-di^^slon.  It 
appears  first  as  a  homy  protuberance  close  to  the  line  of  section  (XXII.  47), 
which  extends  backwards  into  the  base  of  the  process,  and  forwards  or  up- 
wards into  the  two  hoolcs.  It  is  also  worthy  of  notice,  that  generally  a  greater 
or  less  number  of  soUd  oval  nucleoli  and  short  rod-like  bodies  make  their 
annearance  within  the  homogeneous  substance  of  the  nucleus.    The  Opahna 
r\Lhriri  of  Duiarchn  is  no  other  than  the  animalcule  described,  although  its 
cCacters  axe  incorrectly  represented  by  that  author,  who,  from  Ins  figure. 
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has  evidently  seen  a  specimen  which  has  very  recently  completed  the  act  of 
self-fission  and  not  yet  reacquired  its  rounded  posterior  extremity.  The 
dark  stripe  shown  at  the  fore  part,  and  supposed  to  indicate  a  mouth,  repre- 
sents the  imcinate  apparatus  above  described.  Stein  would  caU  this  form  of 
Opalina  the  0.  armata,  and  regard  it  as  a  fiu'ther  stage  of  development  of 
his  so-called  0.  Lumbrici. 

This  view  is  supported  by  the  fact  that  he  has  never  met  with  young 
individuals  of  0.  armata ;  for  aU  the  specimens  he  encountered  were  of  a  nearly 
equal  size,  and  larger  than  the  largest  of  0.  Lumbrici,  in  company  with 
which  yoimg  beings  are  very  common.  Thus  0.  armata  attains  a  length  of 
1-12"'  to  1-9"',  and  0.  Lumhnci  of  not  more  than  1-14"' ;  even  the  products 
of  fission  of  the  former  are  from  1-16"'  to  1-14"'. 

"  If  now  it  be  considered  that,  excepting  the  horny  process,  not  the  least 
ditference  in  structure  exists  between  0.  Lumbrici  and  0.  armata,  it  is  ren- 
dered very  probable  that  the  latter  is  merely  a  further  stage  of  development 
of  the  foi-mer.  If  this  be  the  case,  a  subsequent  more  considerable  meta- 
morphosis of  0.  armata  may  be  presumed,  when  it  becomes  transferred  to  a 
more  favourable  habitat,  as  happens  when  the  worm  it  inhabits  becomes  the 
food  of  some  other  animal.  I  have  not  actually  seen  Opalina  armata  adhering 
to  the  surface  of  the  intestine,  for  I  have  always  found  it  amidst  the  undi- 
gested miueral  and  organic  fragments  which  fill  the  aHmentaiy  canal  of  the 
earth-worm.  Hence  it  is  more  likely  that  the  adhesive  organ  is  destiued  to 
subsequently  fix  the  Opalina  in  a  more  permanent  manner." 

The  long  pulsating  vessel  seen  in  Opalina  Planariarum  and  in  0.  uncinata 
deserves  pai'ticular  notice,  by  reason  of  its  peciUiarity.  Stein  has  described 
it  m  the  first-named  species,  where  it  extends  the  entire  length  of  the  ani- 
malciile,  as  boimded  by  a  definite,  delicate,  structureless  membrane,  and  to 
be  without  the  outlets  Schultze  imagined.  It  contains  a  clear  liquid  like 
water,  which,  by  its  rhythmical  movements,  it  forces  to  and  fro  within  it 
On  killing  the  animal  with  alcohol,  the  waUs  of  the  vessel  are  rendered  very 
evident.  It  becomes  divided  thi'ough  the  centime  in  the  act  of  self-fission,  and 
IS  m  Stein's  opinion,  not  homologous  with  the  contractHe  vesicles  of  the 
Cuiata. 

NxTCLEus  Self-divtsion.  StoposedEmbeto.— The  nucleus  is  a  very  evident 
organ  m  aU  the  Opahncea,  with  the  single  exception  of  0.  Eanarum,  in  which 
btem  has  sought  for  it  m  vain  among  multitudes  of  specimens  and  by  the  aid 
of  various  reagents.  In  this  same  exceptional  species  it  is  also  to  be  noted 
that  he  never  witnessed  the  act  of  fission,  yet  Siebold  ("  Ueber  Momstom.um,- 
Wiegmanns  1835)  described,  in  an  Opalina  Hving  as  a  parasite  in 

the  intestines  of  a  frog,  the  existence  of  a  number  of  sraaU  embiyos  within 

LTvP^ln.  f>,^o  ^^^'^"^^f        body:  whether  tliis  animalcule, 

howevei,  was  the  Opalina  Ranarum  does  not  appear ;  for  the  peculiar  habitat 
does  not  by  any  means  prove  such  to  be  the  case  i^iuuir  naoiiat 

A  contrast_oecursin  theOp«Z,W«5mncWi.m,w        the  nucleus  which 
hcs  m  the  axis  of  the  body  has  the  same  figm-e  as  the  entire  bei^^t^d  one- 
half  its  dimensions.    Even  among  examples  of  the  same  species  the  Sosit^on 
of  the  nucleus  varies  exceedingly.    Simitaneously  with  theTpneamficfof 
constnction  m  the  eeneral  fifrnrp  flm  r,„oi        i  ''"^  ^Wf^^-iwucc  oi  a 

fission  -  bufprn  fliwio     %  ^!  .         Ji^ieleus  shoAvs  signs  of  approaching 

According  to  Stem,  the  production  recorded  by  i?chnUzc  {Batrage  zur  Nalir- 
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gescJiicUe  der  Turlellarien,  1851,  p.  67),  of  a  granular  germ-mass  in  Opalina 
Planariarum,  at  the  posterior  extremity  of  the  animalcule,  was  nothing  more 
than  the  act  of  fission  misconceived.  The  granular  contents  of  the  nucleus 
(says  Stein)  are  finer  or  coarser  in  the  animals  irrespective  of  their  size  ;  and 
the  supposed  germinal  masses,  as  the  figure  given  shows,  were  merely  the 
segments  of  the  nucleus  in  process  of  division,  and  not  illustrations  of  the 
ulterior  development  of  that  organ  into  other  beings.  Schultze  witnessed 
this  process  but  once,  in  a  specimen  he  named  Opalina  polymorpha,  but  which 
was  the  same  as  the  0.  Planariarum  of  Siebold  and  Stein. 

Habitats,  Yital  Endowments,  &c. — As  stated  before,  the  Opalinaa  are  pa- 
rasites of  various  animals,  the  most  common  of  which  are  frogs,  newts,  and 
other  Batrachia,  earth-worms  {Lumhrici),  some  sheU-fish,  as  the  Anodon  and 
the  common  muscle  {Mijtilus  edidis),  and  of  Planarm  and  several  Entozoa. 
They  are  found  in  the  intestines  in  the  earth-worm,  in  the  rectum  and  bladder 
in  the  frog,  among  the  cilia  of  the  tongue  of  that  reptile,  or  among  those  of 
the  gills  in  the  sheU-fish,  &c.  .      „  ^  ■,■ 

As  a  memorandum  touching  the  vital  properties  of  Opahnma,  we  may  quote 
here  an  experiment  made  by  Kolliker  on  the  vitahty  and  development  of  the 
spermatic  filaments  {J.  M.  S.  1855,  p.  298)  :— "  The  Opalina,  move  in  a  sohi- 
tion  of  common  salt  of  1  per  cent.,  and  of  phosphate  of  soda  of  the  sfa-ength 
of  from  5  to  10  per  cent.  In  a  solution  of  salt  of  5  per  cent.,  and  of  sugar  ot 
fi-om  10  to  15  per  cent.,  they  shrink  up  and  become  quiescent,  though  reviving 
upon  the  addition  of  water.  I  have  even  succeeded  in  reviving  the  Opalino!  after 
they  had  been  treated  with  a  solution  of  common  salt  in  the  proportion  of 

one-tenth."  „    .  .  ^  .  , 

Nattjee  of  Opaun^a.— The  observations  of  microscopists  in  general  concur 
to  prove  that  these  simple  beings  are  not  independent,  but  the  mere  embry- 
onic or  transitional  phases  of  other  animals.  This  opinion  was  put  forwai-d 
by  Schultze,  and  has  been  seconded  by  Agassiz,  Stem  aud  others. 

Aeassiz  asserts  (Silliman's  American  Journal,  1853)  that  the  deficient  hnk 
in  Steenstrup's  history  of  the  succession  of  alternate  generations  ofCercarm, 
and  its  metamorphosis  into  Distoma,  is  supplied  by  his  discovery  that  a  ge- 
nuine Opalina  is  hatched  from  the  eggs  of  Distoma.    Stem  comcides  also  m 
considering  them  metamorphosed  into  Vermes,  and  states  that  Steenstrup  has 
v^atched  the  transformation  of  Leucophrys  anodonta  (Ehr.)  mto  an  intestind 
worm    He  saw  fii'st  that  the  ciHa  vanished,  that  they  fixed  themselves,  and 
became  by-and-by  changed  into  oval  motionless  bodies,  which  continued  to 
grow,  and  formed  an  internal  space,  within  which  a  gei-mmal  mass  was  de- 
veloped, out  of  which  Cercaria  originated.  •   -u    j  +i,„  fl^ct 
Ai-FmTiES  anp  Classification  of  OpAiiN^:A.-Upon  this  head  the  first 
point  is  to  settle  what  genera  and  species  are  to  be  niimbered  with  the  Opah^ 
For  our  part  we  are  disposed  to  place  in  this  family  all  Qihata  which 
are  mouthless,  and  which  lead  aparasitic  life.  As  already  noted,  the  absence  of 
a  m^ith  is  indicative  of  an  embryonic  character,  an  indication  strengthened 
ff  not  confirmed,  by  observation ;  consequently  this  group  of  bemgs  is  at  best 
but  provisional,  serving  only  the  purposes  of  definition  and  nomenclatm-e, 
uSta  science  shaU  be  enabled  to  indicate  the  particular  ammals  mto  whose 

nnwkrent  stages  of  existence  of  the  same  Opalma,-fov  instance  the  0. 
^Jjfa  more  acfult  state  of  0.  Mrici.  And,  again,  the  striictiiral  di^r- 
In^fbetreen  0.  adnata  and  0.  Planariarum  (consisting  m  the  possession 
orrsSar  pulsating  vessel)  and  the  rest  of  the  group  are  so  stiilang,  that 
?hey  can  scarcely  be  rightly  included  m  one  genus. 
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On  turning  to  the  systematic  descriptions  of  various  writers,  we  find  much 
discrepancy  in  detail,  and  much  difference  in  opinion,  respecting  both  the 
species  to  be  counted  among  Opalincea  and  theii*  generic  distribution. 

The  family  '  Leucopliryens '  of  Dujardin,  and  the  C'obalina  of  Perty,  severally 
include  most  of  the  species  which  we  Avould  reckon  as  Opalincea,  These,  in 
Ehi'euberg's  system,  were  scattered  through  several  genera, — the  majority, 
however,  being  comprised  in  his  genus  Bursaria.  Stein  points  out  three  prin- 
cipal modifications  of  form,  but  is  not  prepared  to  constitute  them  into  genera. 

In  the  classification  adopted  by  the  three  first- named  writers,  the  Ojpalincea 
were  accounted  ordinary  CiKated  Protozoa.  Perty  and  Dujardin  so  far  re- 
cognized their  peculiarities  as  to  erect  them  into  a  distinct  family.  Siebold 
went  farther,  and,  on  account  of  the  absence  of  a  mouth,  placed  them,  with 
Astasicea  and  Perklinicea,  among  the  Astoma.  We  coincide  with  Siebold  in 
thus  more  completely  separating  them  from  the  stomatodous  Cihata  than  the 
other  authors  named,  but  at  the  same  time  look  upon  them  as  more  nearly 
aUied  with  Ciliata  than  vnth  either  Peridinicea  or  Astasicea,  and  consequently 
prefer  to  treat  the  Opalincea  as  a  subgroup  of  those  Protozoa. 

Neither  the  intimate  structure,  nor  the  developmental  history  of  the  Opa- 
lincea, is  sufficiently  weU  understood  for  them  to  be  arranged  in  weU-defined 
genera  ;  nevertheless,  as  both  Dujardin  and  Perty  have  each  essayed  a  sy- 
stematic distribution,  it  behoves  us  to  set  their  schemes  before  the  reader. 

Dujardin  divides  the  Leucophryem  into  three  genera,  viz.  Spathidium, 
Leiwophrys,  and  Opalina.  Besides  these,  he  has  other  mouthless  genera  in 
his  family  Ploesconiens,  viz.  Diophnjs  and  Coccudina,  marine  but  not  parasitic 
animalcules ;  also  a  genus  TrochiUa  without  distinct  mouth,  also  marine  in 
habit,  located  in  the  i&mnj  Erviliens ;  and  last,  the  genus  Plagiotoma,  among 
the  Bursanens,  parasitic  m  habit,  and  supposed  to  have  a  mouth  situated  at 
the  bottom  of  a  fossa,  but  which  contained  no  foreign  matters,  and  could  not 
be  fed  artificially  with  colouring  matter.  Of  these  genera  Coccudina,  Dio- 
phnjs, and  Trochilia  are  imperfectly  known,  particularly  the  two  last  and 
the  absence  of  a  mouth  cannot  be  predicated  of  them  with  any  certainty  — 
whdst  of  the  last  named  {Plagiotoma)  the  balance  of  evidence  is  ag-ainst  the 
existence  of  a  mouth,  and,  as  we  shaU  see,  this  genus  is  a  member  of  Perty's 
f&voAj  Cohahna,  and  has,  moreover,  in  Stein's  opinion,  no  claim  to  rank  as  a 
clistmct  genus. 

The  parasitic  family  Cohalina,  Pei-ty,  comprises  the  genera  Alastor,  Plaqio- 
toma  Leiwophrys,  and  Opalina.  The  characters  of  these  several  genera,  placed 
byobservers  among  the  Opahncea,  or  some  parallel  group,  together  with  their 
reSofthir^j'  differences,  win  be  f^y  trefted  ^of  in  the  systemaS 

FAMILY  II.— PERIDINLEA. 
(Plate  X.  224-226 ;  XXXI.  16-23.) 

<Un^a.    Our  description  5i  rZ/  !  T  ^'^^^^^^'^"^tic  of  the  Peri- 

genera,  PeHclini:m!nroi:^oS2l'''''  ^"'""'^^^^  ""^^'^ 

rahvL'Sro?H^'°''^''.f^°^^"^°  '^'^^^'^  little  attention  from  natu- 
clatate  at  Wl  wr^'^^f  understood.  Indeed,  we  feel  that  no  sufficient 
nJtrandTffinU^^^^^^^  -^^tive  to  theii-  tnie  position, 

Yve  place  tliem  here  as  a  supplementaiy  group  of 
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Ciliated  Protozoa,  fii-st,  because  of  their  wreath  or  general  clothing  of  cilia — a 
phenomenon  seen  among  none  of  the  Phytozoa  or  Plagellata,  which  have  never 
more  than  one  or  two,  or,  rarely,  foiu'  filaments  or  fiabella  ;  and  secondly,  be- 
cause every  author  who  has  described  them  treats  them  as  animalcules. 
Perty,  althoiagh  recognizing  them  as  animals,  nevertheless  groups  them  with 
his  Phytozoidia,  probably  owing  to  their  bizarre  form  and  to  the  characteristic 
internal  organization  of  Cihata  not  being  perceptible.  Siebold,  on  the  con- 
traxy,  places  them,  together  with  Euglencea  and  Opalincm,  among  the  asto- 
matous  or  mouthless  Protozoa. 

Ehrenberg's  description  of  the  Peridinicea  is  as  follows  : — The  animalcules 
of  this  family  are  polygastric,  but  have  no  alimentaiy  canal ;  the  mouth  is 
usually  found  in  a  depression  near  the  middle,  and  from  its  vicinity  a  delicate 
filament  (proboscis)  is  given  off  in  three  of  the  genera.  They  are  clothed 
with  a  shell  or  lorica,  having  a  transverse  fui-row  or  zone  occupied  with  a  row 
of  vibratile  cilia  ;  and  besides  this  wreath,  several  species  have  also  fine  setae 
or  cilia  scattered  over  them.  In  Peridinium  acuminatum,  P.  fulvum,  and  P. 
{Ceratium)  cornutum  the  digestive  sacs  are  visible  -without  recourse  to  artificial 
means  ;  but  in  P.  Pulvisculus  and  P.  cinctum  those  organs  can  be  demonstrated 
only  by  the  use  of  coloured  food,  chiefly  because  they  are  hidden  by  the 
clusters  of  ova,  to  which  the  colour  of  the  animalcules  is  due.  This  is  com- 
monly red,  yellow,  or  brown,  and  rarely  green.  In  Peridinium  Tripos  and  P. 
Fusus  a  seminal  gland  (nucleus)  is  visible,  and  in  Chcetoglena  and  Oleiwdinium 
a  red  eye-speck.  Longitudinal  self-division  has  been  observed  in  P.  Pulvisculus 
and  P.  Fusus. 

Dujardin,  unable  to  accept  these  views  of  their  organization,  described  the 
'  Peridiniens  '  as  '*  animals  without  known  internal  organs,  enveloped  by  a 
definite  resistant  membranous  lorica,  which  sends  off  a  flagelliform^  filament, 
and  has,  in  addition,  one  or  more  furrows  beset  with  vibratile  cilia.  The 
lorica  would  appear  to  have  no  orifice,  since  foreign  particles  and  colouring 

matters  cannot  enter  it  The  members  of  this  fanuly  ai-e  distinguished 

from  Thecamonadina  by  the  ciliated  furrow  or  furrows." 

Further,  Dujardin  ignored  the  red  stigma  as  a  generic  distinction,  and  in 
this  is  followed  by  Perty,  Ehrenberg  created  a  subgenus  of  Peridinium  for 
those  species  which  have  the  lorica  prolonged  into  hom-like  processes,  under 
the  name  of  Ceratium.  Both  Dujardin  and  Perty  retain  this  appellation,  but 
would  elevate  the  group  comprehended  under  it  to  the  rank  of  a  genus. 

Let  us  now  proceed  with  a  resume  of  the  facts  at  present  received  respect- 
ing the  organization  and  habits  of  the  Peridiniaia. 

The  lorica  is  double,  consisting  of  an  outer,  more  or  less  firm,  non-contrac- 
tile layer,  and  an  inner,  homogeneous,  hyaline  membrane  :  usually  a  space 
occurs  between  the  two  coats ;  but  in  Glenodinium  they  are  in  close  apposi- 
tion—a  double  contour,  however,  being  perceptible.  The  inner  layer  may 
be  taken  to  represent  the  primordial  utricle ;  it  immediately  envelopes  the 
contents,  which  consist  of  a  homogeneous  protoplasm,  enclosing  within  itself 
numerous  globules,  granides,  and  vesicles.  In  the  case  of  the  smaUest  Peri- 
dinicea, such  as  P.  Pidvisculus,  P.  monadicum,  and  P.  Corpusculum,  the  di- 
stinctness of  envelope  from  contents  ceases,  and  when  in  a  dying  condition  the 
whole  fig-ure  undergoes  a  great  variety  of  changes— a  fact  indicatmg  a  less 
perfect  development  of  the  lorica— and  there  is  a  rapid  brealung  up  of  the 
contents  In  the  larger  species  the  outer  tunic  is  more  elaborated,  and  either 
displays  a  minute  cellular  or  reticulate  structiii-e,  or  appears  quite  smooth  and 
structureless,  although  fii-m  and  resistant  (as  in  Glenodimum  cwMnm)  A 
ceUular  lorica  occurs  in  Ceratium,  and  also  in  various  Peridmm,  which  I'erty 
separates  from  the  rest,  under  the  name  of  Glenodimum,  by  reason  of  this 
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structure.  This  external  tunic  is  decomposable,  although  it  resists  desti-uc- 
tion  much  longer  than  tlie  contained  matters ;  and  it  is  especially  after  a 
certain  amount  of  change  has  proceeded,  that  its  delicate  retiform  structure 
is  more  distinctly  exhibited. 

The  figiu-e  of  Peridinicea  is  veiy  various  and  bizarre  :  the  simplest  is  that 
of  a  spheroid  divided  into  two  segments,  equal  or  unequal  in  size,  by  a  trans- 
verse ciliated  fuiTow  or  zone.  In  some  instances  one  side  is  flatter  and  concave, 
and,  according  to  Perty,  presents  a  wide  opening,  or  elongated  fissure  (XXXI. 
16),  from  which  the  filament  may  sometimes  be  seen  to  proceed.  Moreover, 
besides  the  ti-ansverse  fim-ow,  a  second  is  seen  in  some  species  to  proceed  from 
it  at  right  angles,  as  far  as  the  vertex  of  the  anterior  half, — as,  for  example,  in 
Dr.  Allman's  species  Peridinmm  iiberrimum  (XXXI.  16, 18),  and  in  P.  fuscum 
and  P.  oculatiim  (Glenodinium  cinctmn,  Ehr.).  Indeed,  in  Glenodinium  ajiieu- 
kttttm  Ehrenberg  describes  several  subsidiary,  shallower,  hispid  furrows  branch- 
ing over  the  surface  (X.  224-226),  and  in  G.  tabulatum  a  series  of  non-hispid 
lines  or  ridges.  These  last  two  forms  recall  in  general  features  the  pollen-cells 
or  grains  of  the  higher  plants,  and  may,  indeed,  from  the  deficiency  of  a  loco- 
motive filament,  and  from  other  exceptional  characters,  be  considered  doubtful 
members  of  the  family  Peridinicea.  An  inequality  of  the  two  segments,  as 
separated  by  the  ciliary  zone,  is  seen  in  Peridinium  Gorpusculum  and  P.  mo- 
nadicum,  and  in  a  less  degree  in  P.  oculatum  {Glenodinium  cinctum).  The 
figure,  however,  is  very  ciu'iously  and  materially  altered  by  the  production  of 
tapering  or  hom-Kke  processes,  of  a  large  diameter  and  great  length  relatively 
to  the  pi-incipal  portion  or  body  of  the  organism.  These  processes  differ  in 
number  in  different  species,  and  give  rise  to  very  bizarre  forms,  departing 
widely  from  those  of  any  Phytozoa  or  from  any  other  ciliated  Protozoa.  The 
number  of  horns  in  Ceratium  Ftisns  is  two,  and,  being  in  the  same  line,  produce 
the  spindle-shaped  figure  of  the  entire  being  (X.  222,  223).  In  O.  furca 
two  occur  in  front  and  one  of  larger  dimensions  behind ;  the  same  is  seen  in 
P.  Tripos  (X.  219,  220),  in  which,  however,  the  two  anterior  processes  are 
curved, — ^whilst  P.  cornutum  ( Ceratium  Hirundinella)  has  from  two  to  three 
posteriorly,  and  one,  usually  curved,  anteriorly.  In  Ceratium  Michaelis  (X, 
221),  again,  we  see  thi-ee  short  processes  project  from  the  posterior  half ;  and, 
lastly,  ia  C.  macroceras  (Perty)  three  are  represented  behind,  of  which  the 
central  is  much  the  longest  and  straightest,  and  in  front  one  still  longer  but 
rather  cuiwed.  The  length  of  the  horns  compared  with  the  body  of  the  Ce- 
ratia  affords,  however,  no  specific  character,  inasmuch  as  it  varies  accordirig 
to  age  and  probably  also  other  conditions.  The  vibratile  cilia  are  usually  con- 
fined to  the  groove  surrounding  the  lorica,  and  to  the  direct  oontinuations 
from  it.  Nevertheless  Dr.  AUman  discovers  in  P.  uberrimmn  the  whole  sur- 
face sparsely  covered  with  them ;  and  Ehi-enberg  mentions  the  supplementaiy 
furrows  of  Glenodinium  apicidatim  as  occupied  with  hispid  hairs  (X.  224- 
226).  The  locomotive  filament,  which  Ehrenberg  failed  in  seeing  in  aU  even 
of  his  genus  Peridinium,  is  usually  of  great  length  and  tenuity,  and,  accord- 
ing to  the  great  Berlin  micrographer,  proceeds  from  the  neigh boiu-hood  of  the 
mouth  which  he  believed  he  detected  in  Peridinium  Fusus  in  a  hoUow  near 
the  middle  of  the  animalcule.  AUman  more  definitely  points  out  its  situation 
as  bemg  near  the  junction  of  the  transverse  and  vertical  furrows  in  tho  species 
he  has  described  (XXXI.  16).  Lastly,  Perty  states  that  Ceratium  Hirimdinella 
{C.  cormttum  Ehr.),  when  swimming,  stretches  out  the  filament  as  if  stiff,  and 
that,  although  2i  tunes  longer  than  the  body,  it  may  be  easily  overiooked,  on 
account  of  its  active  swinging  movement.  It  is  apparently  a  production  of  the 
protoplasm,  protmded  externally  through  an  apertm-e  in  the  investing  tunics. 
Opinion  IS  divided  respecting  the  existence  of  a  mouth.    Ehrenberg  repre> 
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sented  one,  and  also  the  possible  admission  of  coloured  food,  but  was  contra- 
dicted by  Dujardin,  who  denied  both.  Siebold  reckons  Peridiniaia  among 
mouthless  Infusoria  {Astoma).  Pcrty  mentions  the  fossa  in  the  shell,  but  no 
aperture ;  and  Allman  remains  silent  on  the  matter.  On  the  other  hand,  Lach- 
mann  admits  its  presence,  and  thus  discusses  the  mode  of  reception  of  food 
{A.N. H. 1^51,  vol.  six.  p.  220)  : — "Prom  the  point  of  insertion  of  the  flagel- 
lum,  on  one  side  the  large  notch,  in  the  iipper  part  of  the  row  of  cDia,  a  clear 
canal  passes  iuto  the  body  of  the  animal,  and  dilates  at  the  extremity  to  form 
a  cavity  of  variable  diameter.  The  flageUum  is  often  seen  to  contract  rapidly 
into  a  spiral  form,  and  apparently  disappear;  and  not  unfrequently  we  may 
then  succeed  in  perceiving  that  it  is  jerked  back  into  the  above-mentioned 
cavity,  from  which  it  soon  returns  into  its  previous  position.  Now  it  cer- 
tainly appears  worth  while  to  see  whether  small  particles  of  food  are  not 
carried  into  the  cavity  by  this  jerking  in  of  the  flagellum." 

Contents. — These  may  be  divided,  as  ia  the  Euglence,  into  minute  shapeless 
molecules,  and  globular  corpuscles  and  vesicles  with  red  stigma  and  nucleus. 
Sometimes  the  corpuscles  are  green,  and  resemble  chlorophyll,  but  more  fre- 
quently they  are  red,  yellow,  or  brown,  or  intermixtui-es  of  those  colonrs.  In 
the  earliest  stages,  indeed,  colour  is  absent,  and,  just  as  in  Euglencea,  only 
minute  molecule  are  found  interspersed  iu  the  colourless  protoplasm.  More- 
over, when  a  colour  appears,  it  may  not  simply  become  more  intense  or  darker 
by  age,  but  change  to  another  tint  belonging  to  the  same  series  of  colours. 

In  younger  specimens  agaia,  the  contents  more  completely  occupy  the 
entire  being,  whilst  frequently  in  old,  and  more  especially  ia  specimens 
withering  or  dying,  they  become  contracted  into  a  ball,  placed  either  in  the 
centre  or  more  or  less  to  one  side  (excentric).  A  swelling  out  of  the  external 
tunic  the  disappearance  of  the  red  stigma,  the  vibratile  cilia,  and  the  filament 
accompany  this  shrinking  of  the  ceU-contents.  The  retrograde  change  m 
the  contents  is  further  manifested  by  the  appearance  of  a  large  vesicle  about 
the  centre,  or  of  several  dispersed  smaller  ones  at  that  or  in  other  parts. 
Some  at  least  of  these  vesicles  are  merely  oil-drops,  which,  as  Braun  shows 
in  his  essay  on  Eejuvenescence,  are  the  usual  concomitants  of  a  process  of 
destructive  assimilation.  After  the  destruction  of  the  ceU-contents,  the  firm 
lorica  remains  hke  an  empty  sheU,  boldly  displaying  its  sculpturing,  and  in 
many  instances  also  a  curved,  apparently  internal,  stnpe  about  the  middle  or 
to  the  right  of  it,  which  Perty  presumes  to  be  either  the  line  of  attachment 

of  the  contents  or  a  fold.  .,  ^  i  ^ 

Among  more  constant  structures.  Dr.  AUman  descnbesa  central  nucleus— 
the  organ  probably  aUuded  to  by  Ehi-enberg  under  the  name  of  an  oval  semi- 
nal o-land  in  Peridinium  Tripos  and  P.  Fusus.  Alhnan  describes  the  nucleus 
to  be  of  an  irregular  oval  form,  quite  colourless,  and  marked  on  the  suiface 
with  curved  strife  (XXXI.  20)  ;  under  pressiue  the  envelope  gives  way,  and 
the  nucleus  escapes  mth  the  other  contents.  A  contractile  vesicle  has  not 
hitherto  been  discovered.  One  or  more  large  clear  vacuoles  may  ongmate  m  the 
internal  substance  ;  but  such  have  not  the  pulsating  power  of  definite  vesicles. 

The  red  speck  or  stigma  (XXXI.  16, 17)  has  no  pretensions  to  the  nature 
of  a  visual  organ.  It  is  not  always  present  even  in  examples  of  the  same 
sTiecies  •  or  it  is  multiplied ;  and  it  is  known  also  to  chsappeai-  with  advancing 
Se  Again  Perty  recounts  the  fact  of  the  diffusion  of  the  red  colour 
of  the  speck  throughout  the  whole  contents,  at  times  lea^^ng  a  narrow  ex- 
ternal nng  which  retains  its  green  colour.  This  phenomenon  was  witaessed 
in  a  snecimen  of  Olenodinkm  cinctum.  In  young  individuals  of  Peridmnim. 
Tab  Jaium  which  are  of  a  light-green  colour  and  translucent,  there  is  no  trace 
S  a  iS  spcdc  •  yet  Perty  met  ^ith  a  eoUection  of  these  beings  of  apparently 
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smaller  size  than  usual,  yeUow  in  colour,  and  not,  like  older  animalcules, 
greenish-brown  or  browi,  which  had  from  10  to  12  red  vesicles  or  globules 
about  the  middle  of  the  anterior  segment.  Still  the  general  rule  is  that  iu 
very  yoimg  individuals  no  stigma  is  present.  The  inconstancy  of  the  presence 
of  the  red  speck,  even  in  mature  specimens,  its  absence  in  very  young,  its  dis- 
appeai-ance  in  old  ones,  and  the  many  irregularities,  not  only  in  its  occurrence 
but  also  in  size  and  nmnber,  are  facts  which  sufficiently  prove  its  worthlcss- 
ness  as  a  generic  or  even  as  a  specific  distinction,  and  which  declare  against 
its  assumed  function  of  a  visual  organ  in  this  as  in  other  families  of  Protozoa. 

Repeoduction. — Longitudinal  fission  has  been  seen  to  take  place  in  several 
speeiee.  Self-division,  says  Perty,  presents  many  peculiarities  among  the 
Pendinicea.  In  Ceratium  HirundineTla,  fission  is  longitudinal ;  it  commences 
anteriorly  close  to  and  on  the  left  side  of  the  great  horn  (as  the  animalcule 
is  viewed  from  above),  and  advances  towards  the  posterior  extremity.  The  pro- 
cess is  not  confined  to  the  large  specimens,  but  is  equally  enjoyed  by  the  small. 

Diu'iag  the  act  of  fission  in  Peridinium  Pulviscidus,  Perty  noticed  that 
before  its  completion  the  newly-foiTaed  segment  continued  to  augment  in 
size  imtn  it  surpassed  the  original  being,  which  underwent  no  enlargement. 

Dr.  Allman  noticed,  in  the  species  he  examined  (J.  M.  S.  1854,  p.  25),  that 
spontaneous  division  took  place  "  parallel  to  the  annular  fuiTow  "  (XXXI. 
18),  i.  e.  therefore  transversely,  "  and  in  the  unfurrowed  hemisphere."  He 
also  remarked  the  important  fact,  that  this  process  appears  to  be  invariably 
preceded  by  a  division  of  the  nucleus ;  and  he  had  succeeded  in  isolating  nuclei 
presenting  almost  every  stage  of  transverse  fission.  But  besides  their  reproduc- 
tion by  fission,  Perty  adopts  Ehrenberg's  views  and  insists  on  their  development 
from  ova  or  ovules,  which  present  themselves  in  the  form  of  brown  or  green 
corpuscles  in  the  interior.  Peridinium  tahulatum  is  often  seen  to  be  full  of 
such,  eUiptic  in  figiu'e,  and  as  much  as  1-150"'  in  length,  and  which  can  be 
expelled  by  pressure  from  the  animalcule.  In  P.  Pidviscidus  Perty  met  with 
specimens  fi'om  1-400"'  which  were  aggregated  together  in  masses,  and  moved 
together.  In  P.  Corpuscidi(,m,  he  asserts,  development  fi-om  ovules  may  be 
dii-ectly  observed ;  and  he  gives  figures  of  ovules  set  free,  and  of  the  young 
generated  fr'om  them,  which  would  seem  the  same  structures  with  the  addition 
of  a  cell- wall.  The  ovules,  too,  are  large  and  veiy  evident  in  Ceratium  cornutum; 
and  he  regards  the  small  brown  organisms  which  may  be  found  in  company  with 
mature  individuals  at  various  times  of  the  year,  as  the  primitive  stage  of  o-e- 
neration  of  those  ova  before  acquii-ing  the  perfect  figm-e  of  Ceratium.  In  some 
specimens,  indeed,  he  remarked  the  long  filament  peculiar  to  the  species,  and  a 
red  stigma  in  the  posterior  segment.  The  smallest  examples  measured  1-200"', 
and  were  at  fii-st  elliptic ;  from  this  they  changed  to  renifonn,  and  became 
distmguished  into  an  anterior  and  a  posterior  half.  Their  movement  was  ro- 
tatory or  spiral,  and  quicker  than  in  old  individuals.  On  one  occasion  he  saw 
smaU  examples  of  Ceratium  Hirimdinella  only  1-25"',  of  the  same  fio-iire  as  the 
large  specimens,  but  completely  colouriess  ;  at  another  time  he  encountered 
pale  bro^vnlsh-green  mdividuals,  with  a  beautiful  red  stigma,  and  the  poste- 
rior lateral  horns  scarcely  developed,— whHst  in  one  instance  the  aiiterior 
comu  was  completely  formed,  and  the  posterior  extremity  rounded.  Tliese 
examples,  he  observes  appear  to  be  chfi-erent  structural  phases  thiwgh  which 
the  products  generated  from  the  ovules  have  to  pass 

The  reproduction  by  oviUes  or  internal  germs  has  its  paraUel  in  Euglenma ; 
and   ike  as  m  this  group,  so  in  the  family  Peridim<Ba  a  quiescent,  resting,  or 
stiU    stage  appears  to  occur.    Dr.  Allman  has  put  forward  this  fact  most 
clearly.    He  wiites  (J.  M.  S.  1854,  p.  24)_"  Before  death,  and  also  when 
passing  from  a  motile  to  a  quiescent  state,  most  Ukely  prepnratoiy  to  under- 
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going  some  important  developmental  change,  the  contents  contract  towards 
the  centre ;  and  then  an  external  transparent  and  perfectly  colourless  vesicle 
becomes  visible,  while  the  flagellmn  and  cilia  disappear.  The  contracted 
contents  present  a  very  definite  and  general  spherical  boundary,  and  are  evi- 
dently included  in  a  distinct  cell " — the  primordial  utricle.  On  a  subsequent 
examination  of  the  pond  in  which  the  species  examined  occurred  ia  prodi- 
gious quantity,  he  found  "  immense  masses  "  of  the  Peridiniwn  "  towards 
the  bottom,  where  they  appeared  quite  healthy,  though  presenting  the  condi- 
tion described  above  as  characterizing  the  quiescent  state  of  the  animalcule." 

Our  imperfect  information  respecting  the  organization  of  the  Peridinima 
renders  any  arguments  concerning  their  nature  imsatisfactory  and  inconclu- 
sive.   Perty,  to  whom  we  owe  most  of  our  knowledge  respecting  these  crea- 
tures, agrees  with  Ehrenberg  in  assigning  them  an  animal  nature  ;  and  we 
gather  from  the  few  remarks  Dr.  Allman  has  made,  that  this  opinion  has  also 
the  advantage  of  his  support.    Dujardin,  we  may  add,  treated  the  Peridinum 
as  animalcules.    Of  the  opposite  opinion,  viz.  that  they  are  members  of  the 
vegetable  kingdom,  we  know  of  no  advocates,  although  some  facts,  such  as 
the  apparent  absence  of  the  known  internal  stnictm-e  of  the  Ciliated  Protozoa, 
the  non-contractihty  of  their  bodies,  the  character,  colour-,  and  changes  of 
their  contents,  might  be  adduced  in  its  favour.    However,  the  force  of  those 
presumed  facts  will  be  much  lessened  by  the  consideration  that  the  mtemai 
organization  of  the  CiHata  may  yet  be  discovered  in  these  organisms  when 
they  receive  their  due  share  of  attention  from  microscopists,  that  even  the  ab- 
sence of  a  mouth  and  rudimentary  digestive  tube  would  not  absolutely  exclude 
them  from  the  animal  kingdom ;  and  that  in  the  form  and  character  ottl^eir 
ciliary  armatui'e  they  present  an  animal  much  more  than  a  vegetable  type.  _ 

Of  their  YiTAL  Enbowments,  we  may  state  that  some  swim  with  consi- 
derable activity  by  means  of  their  flageUum,  aided,  no  doubt,  by  their  ciliary 
wreath,  which  probably  gives  the  osciUating  and  rolling  character  to  their 

"^^Th^rare  inhabitants  both  of  salt  and  of  still  fresh  water,  among  aquatic 
plants  but  not  of  infusions;  and  they  disappear  from  water  when  long  kept. 
Most  of  the  genus  Peridinium  are  marine.    They  may  occur  in  such  enormous 
multitudes  as  to  colour  the  pond  or  other  coUection  of  water  in  which  they 
have  accumulated.    Of  this  phenomenon  Dr.  AUman  mentions  an  example 
in  which  his  Peridinium  uherrimwm  was  so  abundant  m  the  ponds  ot  rnremx 
Park  Dubhn,  as  to  colour  the  water  brown  :— "  This  colour  was  sometimes 
unifo'rmly  diifused  thi'ough  the  water ;  at  other  times  it  appeared  as  dense 
clouds  varying  from  a  few  square  yards  to  upwards  of  a  hundi-ed  i^.  extent 
This  wasl  June  ;  in  July  "  the  coloration  of  the  ponds  had  much  increased 
in  intensity.  ...  The  colour  in  some  parts  was  of  so  deep  a  brown  that  a  white 
disk  half  an  inch  in  diameter  became  invisible  when  plunged  to  a  deptH  ot 
3  to  6  inches,  whUe  a  copious  exit  stream,  wHch  constantly  flowed  away 
from  one  of  the  ponds,  presented  the  same  deep-brown  tmt.  _ 

The  most  remarkable  vital  phenomenon  presented  by  the  Peridmicea,  and 
which  is  particularly  common  in  them  as  a  family,  is  that  of  phosphorescence, 
which  is  possessed  in  a  high  degree  by  several  of  the  mai-me  species,  having 
Tvellow  or  yellow-brown  colour.  In  nine  phosphorescent  di-ops  of  sea-water 
?rom  near  Kiel,  taken  up  one  after  another  by  Ehi-enberg,  nothmg  save  a 
single  individual  of  Peridinium  (Ceratium)  Tripos  was  discoverable.  ^^^^^ 
S  species,  the  foUowing  other  Ceratia  ai-e  phosphorescent,  ^^z.  Ceratzum 
F„ms  G.  acuminatum,  C.  Michaelis,  and  C.  Furca.  -u  .  ^.i  „ 

Ehrenberg  has  reported  the  occurrence  of  fossil  Pendtnzcea  -  but  the  oi- 
Sa^i^s  so  luBldevll  are  peculiar  in  having  a  siHcious  shell,  which  renders 
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their  alliance  to  this  family  somewhat  doubtfid.  They  are  met  -svith  iu  chalk, 
the  only  secondary  stratum,  and  here  in  the  substance  of  flints ;  but  they 
also  occur  in  strata  of  later  formation.  Their  presence  in  flints  renders  it, 
indeed,  supposable  that  their  silicious  constitution  is  an  ulterior  result  of  the 
infiltration  of  silex  in  a  state  of  solution  into  the  texture  of  their  previously 
membranous  envelope.  They  are  found  in  company  with  fossil  Pyxidicula 
and  Xanthidia.  Ehrenberg  described  two  fossil  species  under  the  name  of 
Ceratium  pyropliorum  and  0.  Delitieme. 

CILIATA. 
Geoup  B. — Stomatoda. 
(lUustrated  by  Plates  XXIY.-XXXT.) 

The  animalcules  whose  general  history  we  have  now  to  write  are,  as  before 
mentioned,  comprehended  for  the  most  part  in  the  families  Dinohryina, 
Yorticellina,  Ophrydina,  Enchelia,  Oolepina,  Trachelina,  Ophryocercina,  Aspi- 
discina,  Kolpodea,  Oxytrichina,  and  Euplota,  as  instituted  by  Ehi'enberg,  with 
the  removal  of  the  Opalincea  from  the  Trachelina,  and  of  the  Acinetina  and 
Actinophryina  from  the  Enchelia. 

The  descriptions  of  the  beings  composing  these  several  families,  as  furnished 
by  Ehrenberg,  are  so  tinged  by  his  peculiar  views  of  organization  as  to  mar 
their  utility ;  and  therefore,  for  precision  and  accuracy  of  detail,  we  have  to 
rely  in  great  measure  on  the  observations  made  within  the  last  few  years, 
chiefly  by  German  naturahsts.  Notwithstanding  the  persevering  industry 
with  which  these  scientific  men  have  pursued  their  inquiries,  many  genera 
yet  remain  almost  unknovni,  or  little  understood,  in  respect  to  their  structm-e, 
whether  internal  or  external. 

The  Ciliated  Stomatoda,  or  as  we  shall  more  briefly  style  them  the  Ciliata, 
are  microscopical  animals  having  a  deflnite  limiting  membrane  or  external 
tunic  covered  more  or  less  completely  with  vibratile  cilia,  by  which  they 
swim  ;  and  when  it  is  indurated,  as  not  unfrequently  happens,  it  is  further 
furnished  vsdth  bristles  or  other  tegumentary  appendages,  by  which  they 
are  capable  of  crawUng  or  leaping.  They  all  possess  a  more  or  less  di- 
stinct mouth,  which  opens  into  an  oesophagus  or  guUet,  continued  to  a  vari- 
able extent  into  the  interior  as  a  digestive  or  alimentary  tube,  but  ending 
abruptly  by  an  open  extremity.  In  many  genera  a  discharging  orifice  or 
anus  is  perceptible ;  and  in  aU  there  are  a  nucleus  and  one  or  more  contractile 
vesicles.  They  propagate  by  self-division,  by  gemmation,  and  by  internal 
germs  or  embryos,  with  a  greater  or  less  degree  of  metamorphosis,  and  they 
undergo  the  encysting  process :  the  act  of  gemmation  appears  limited  to  a 
few  genera ;  but  self-fission  and  embryonic  development  may  be  predicated  as 
general  phenomena. 

Dimensions.— In  dimensions  aU  the  Cihata  are  microscopical:  for  if  some 
such  as  Spirostomum,  Stentor,  Opercularia,  Zoothamnium,  Vaginicola,  and 
other  genera  of  Volvocina  and  Ophrydina  are  visible  to  the  naked  eye  as 
minute  specks  or  globiilcs,  they  are  far  beyond  its  ken  for  any  purposes  of 
I'  T   r  essentially  objects  for  the  mici-oscope.  Yet 

nif.l  /    .^"^^fl  microscopic  beings,  the  range  in  point  if  size  is 

lt.Sl    ^     r"'  -^"^       the  elephant  among  animals  cog- 

^r.r^n?l  T  "fT"^  otsei-vation.  Even  among  members  of  the  same  geni^, 
ZfL^^     -A      m  'P'''^'^"'  t^^'^  dimensions  may  vaiy  within  limits 

extremely  wide,  io  quote  a  few  examples :  Spirostomum  ambiguum  (Ehr.) 
nasalongth  ot  -i  th  of  an  inch ;  the  branching  polyparies  in  Epistylis  and 
Opercidarta  react  |th  in  height,  those  of  ZoUamLan  \th,  whilst  many 
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stalked  Vorticellie  extend  themselves  to  ^th  in  length.  Paramecia  arc  men- 
tioned by  Ehrenberg  from  -^jLth  to  xtsu*^  length  ;  and  specimens  of  the  same 
species  of  Vorticella,  viz.  V.  microstoma,  are  described  to  vary  in  size  between 
__L__th  and  a^u^^"^-  ^^oticed  examples  of  Chilodon  CmuUulus 

from  -Tjl-^th.  to  i-aVTr*^-  surprising  magnitude  is  attained  by  the  polypoid 

masses  of  Ophrydmm  versatile,  which  range  between  mere  microscopic  globules 
and  aggi-egated  masses  the  size  of  the  fist  or  even  of  the  head  of  a  man. 

PiGTJiiE. — In  figure  the  Ciliata  exhibit  an  immense  variety,  but  have  a 
rounded  outline  in  all  instances.  The  prevailing  figure  is  oval  or  oblong  ;  but 
some  taper  much  at  one  or  both  ends,  and  acquire  a  spindle-,  or  a  flask-,  or  a 
club-shaped  aspect,  whilst  others,  as  the  Vorticellina  (XXYII.  1,  2,  4,  16 ; 
XXX.  1,  9,  11),  present  a  beU-shaped  or  campanulate  outliae,  and  others 
again,  as  Spirostommn  (XXIY.  298),  an  elongate  ribbon-  or  band-Uke  one. 
However,  the  best  idea  of  the  manifold  forms  can  be  gathered  by  inspecting 
the  subjoined  plates  of  the  Ciliated  Protozoa,  which  render  verbal  description 
imnecessary. 

The  figure  is  determinate  and  constant  under  like  phases  of  existence  tor 
each  species,  although  Hable  ia  the  majority  to  very  great  changes  by  the 
contraction  and  movements  of  the  animalcules,  by  their  contact  with  more 
solid  bodies,  and  by  the  introduction  of  food.  These  changes  are  proportionate 
to  the  elasticity  of  the  integument  and  to  the  contractile  power  of  the  contents ; 
and  hence,  in  several  with  firm  integ-ument,  they  are  very  limited,  or  not 

possible.  1^  T  1  f 

The  figure  is  also  much  modified  by  the  processes  of  multiphcation  and  ol 
reproduction.  The  act  of  fission  materially  modifies  it ;  gemmation  does  so 
to  a  less  extent ;  but  the  most  remarkable  change  is  caused  by  the  encysting- 
process,  which  is  generally  a  prelude  to  the  peculiar  set  of  phenomena  attend- 
ing the  reproduction  by  germs  or  embryos,  and,  according  to  Stein's  views, 
would  seem  to  terminate  in  actual  metamoi-phosis  or  transformation  of  the 
beings  concerned.  Indeed  the  Ciliata  in  general  appear  to  pass  through  a 
cycle  of  changes,  each  of  these  entailing  a  distinct  figure ;  in  other  words, 
in  the  history  of  each  ciliated  Infusorium,  there  are  several  phases  ot  ex- 
istence differing  from  one  another  in  form  and  other  particulars.  The  history 
of  an  animalcule,  therefore,  is  comprehended  in  that  of  no  one  foi-m  or  phase, 
but  in  that  of  eveiy  one  it  normally  assumes ;  nevertheless  it  is  necessary  to 
fix  upon  one  phase,  either  as  the  most  important  or  the  most  perfect,_and  to 
characterize  and  name  it,  just  as  is  done  in  the  case  of  insects,  which  are 
described  in  their  most  developed  or  "  imago  "  condition. 

Another  point  to  be  remembered  is,  that  the  figui-e  of  a  specimen  appears 
different  in  most  cases,  according  to  the  aspect  in  which  it  is  viewed ;  and, 
ao-ain,  there  is  often  much  diversity  in  shape  between  young  bemgs  and  those 
arrived  at  maturity.  Perty  has  appUed  the  term  '  metaboha '  to  express  the 
changes  of  figure  animalcules  may  assume.  The  figure  is  extremely  varied 
in  Lacrymaria  by  its  movements,  and  cHefly  by  the  lengthening  or  shorten- 
ing of  its  elongated  anterior  pori;ion  or  neck.  This  vanabihty  of  form  struck 
Baker  and  other  old  observers  so  forcibly,  that  they  appHed  the  term  Protms 
to  designate  the  animalcule  (XXIV.  274,  275).  Trachelocerca  (XXIV.  31 
319)  and  Phialina  have  a  similar  poAver  of  vaiying  their  outhne  ;  and  aU  three 
o-enera  are  further  remarkable  by  the  manner  in  which  their  smface  can  be 
thrown  into  transverse  or  even  intersecting  folds  or  plaits. 

The  influence  of  food  when  swallowed  in  modifying  the  figm-e,  EJirenbeig 
narticularly  iUustrated  in  his  E>whelys  Farcimen  (XXVIII.  group  64).  iMs 
Suk  devours  others  neariy  as  large  as  itself,  and,  to  effect  tins,  ^^^^^^ 
dilates  its  mouth,  and  so  becomes  shorter  and  broader ;  and  as  during  tUc 
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operation  it  continues  to  swim  about,  its  appeai-ance  with  the  half-swallowed 
being  is  veiy  ciuious.  Again,  when  engulfed  the  anterior  portion  contracts, 
whilst  the  posterior  becomes  dilated,  giving  the  Enchelys  a  flask-shaped  outline. 

In  descriptions  of  the  Ciliata,  authors  have  used  various  terms,  applied  to 
the  segments  or  members  of  higher  animals,  to  designate  varieties  in  the  form 
and  in  the  mutual  relation  and  position  of  their  parts.  The  application  of 
many  of  these  terms  to  the  Protozoa  is  indeed  very  arbitraiy  and  fanciful ; 
and  it  is  only  from  the  absence  of  better  that  we  continue  to  employ  them. 
The  end  of  the  body  which  advances  foremost  in  swimming,  and  at  which  or 
near  to  which  the  mouth  is  ordinarily  placed,  is  called  the  head,  and  often  has 
an  additional  claim  to  the  appellation  by  its  constraction  as  a  segment  distin- 
guished by  some  points  of  structure  from  the  rest  of  the  body.  The  oijposite 
portion  of  the  animal  constitutes,  when  tapering  or  provided  Avith  some  sort 
of  process,  the  tail,  but  is  more  generally  spoken  of,  especially  when  not 
distinguishable  as  a  segment,  as  the  posterior  or  caudal  extremity. 

A  '  dorsum '  or  back,  and  a  '  venter '  or  abdominal  surface,  are  usually  de- 
scribed, but  are  not  readily  determinable  in  all  genera,  as,  for  instance,  in  the 
Vorticellina  and  Ophrydina.  To  distinguish  the  one  sui'face  from  the  other, 
regard  must  be  had  to  the  position  of  the  mouth  (which  indicates  the  abdo- 
minal surface),  to  that  of  the  locomotive  cilia  and  other  processes,  and  to  the 
mode  of  progression.  But,  after  all,  the  distinction  will  oftentimes  be  arbi- 
trary, and  in  consequence  the  description  of  a  right  and  a  left  side  frequently 
so  too.  It  is  a  general  chai'acter  of  the  Cihata,  that  they  are  asymmetrical, 
i.  e.  not  formed  of  two  equal  and  similar  halves.  An  exception  to  this  rule 
exists  in  Coleps  (XXIY.  284)  and  in  the  Ichthijdina  (XXXI.  28-30),  which 
in  Ehi-enberg's  system  were  included  with  the  Rotatoria.  Where,  although 
symmetry  is  not  visible,  a  right  and  a  left  side  are  distinguishable,  such  Infu- 
soria are  called  '  bilateral,' — e.  g.  the  Oxytrichina  (XXVIII.  10),  Paramecium 
(XXIX.  25-30),  Chilodon  (XXIX.  48). 

Of  minuter  modifications  in  the  figure  of  Protozoa,  a  large  number  have 
found  names  which  -will  be  best  understood  in  the  special  structiu'al  details  of 
particular  animalcules.  However,  to  mention  some  here  used  by  Ehrenberg, 
we  may  cite  the  fi-ontal  region  or  forehead — the  obtuse  or  tnmcate  part  of 
the  head  above  the  mouth  ;  the  hps — projections  above  and  below  the  mouth, 
when  this  aperture  is  situated  in  a  fissui'e  ;  the  tongue  or  palate,  usually  a 
process  in  the  oral  fissure ;  the  rotary  or  ciliary  disk,  seen  as  a  ciliated  pro- 
jectile process  above  the  margin  of  the  anterior  extremity  of  the  Vorticellina 
(XXX.  1,  2,  9,  11,  14).  In  several  genera  the  anterior  portion  of  the  body 
is  much  produced,  and  looks  Hke  a  long  tubular  neck  or  a  trunk,  and  hence 
o^'J^'^w*^^  Ehrenberg  proboscis,— e.  (/.  in  the  genera  Lacrymaria 
(XXIY.  274,  275),  Trachelius  (XXIV.  287-289).  Amphileptus,  and  Trache- 
locerca  (XXIV.  317-320).  This  term  proboscis  we  have  ah-eady  seen  used 
to  designate  the  long  locomotive  filaments  or  flabeUa  of  Phytozoa,  totaUy 
different  processes  from  those  caHed  by  the  same  name  in  the  Cihata  iust 
enumerated  Its  use  for  one  or  the  other  should  be  set  aside;  and  although 
at  the  best  it  conveys  a  very  erroneous  impression— for  no  such  thing  as  a 
proboscis  or  trunk,  m  the  proper  meaning  of  the  word,  has  an  existence  in 
any  of  the  Protozoa— its  apphcation  to  these  is  less  objectionable  than  to  the 
Phytozoa  In  Uroleptics  (XXV.  333)  the  posterior  extremity  is  abruptly 
elongated  and  forms,  according  to  the  description  of  the  same'chstinguished 
naturalist,  a  tail.  ^ 

Consistence.— The  Cihata  are  composed  piincipaUy  of  a  very  soft,  almost 
mucilaginous  matter,  which  has  been  well  named  '  sarcode,'  since,  Hko  the 
flesh  or  muscular  tissue  of  higher  animals,  it  seems  to  present  an  inherent 
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contractility  and  elasticity,  and  is  tlie  active  agent  in  tlio  movements  of  their 
bodies.  It  is  hyaline,  transparent,  and  colourless  ;  but  its  refractive  power 
is  not  much  greater  than  water,  which  is  essential  to  the  exhibition  and 
continuance  of  its  properties,  for  when  this  fails  the  homogeneous  mass  of 
aarcode  breaks  up  into  minute  globular  portions,  which  disperse  themselves 
on  every  side.  This  disniptive  process  has  received  the  appropriate  name, 
from  Dujardia,  of  '  diffiumce.^ 

Ecker  states  this  self-same  sarcode  to  be  the  common  contractile  element 
of  all  the  lowest  forms  of  animal  life — for  instance,  of  the  Polypes.  The  par- 
ticles set  free  by  '  diffimnce,^  he  also  represents  to  be  contractile,  and  to 
assume  ^mce6a-like  movements ;  but  this,  according  to  Cohn  and  Stein,  is 
an  error,  inasmuch  as  they  are  simply  elastic.  Cohn  also  adds  that  the 
variable  movements  of  the  sarcode-particles  of  Hydra  are  merely  a  physical 
phenomenon  due  to  endosmosis.  The  process  of  diffluence,  whether  from 
external  injurious  conditions  or  damage,  or  from  noxious  matters  received 
within,  varies  so  much  in  rapidity,  that  Cohn  (Zeitschr.  1851,  iii.  p.  267)  con- 
cludes that  it  must  indicate  some  variations  in  its  composition  and  stracture 
in  different  animalcules.  Por  instance,  he  says,  Stentor  cceruleus  bursts ;  and 
its  contents  break  down  by  diffluence  as  rapidly  as  sugar  in  water,  streaming 
out  from  the  rest  irntO.  the  funnel-like  pharynx  only  is  left  behind.  On  the 
contrary,  in  other  animalcules,  e.  g.  Paramecium  Aurelia,  the  sarcode  exudes 
through  the  surface  at  aU  points,  and  swims  away,  leaving  a  vacuolated  or 
areolated  interior.  Again,  Loxodes  breaks  up  into  fragments  of  a  considerable 
size,  which  escape  through  lacerations  of  the  surface. 

Integument.  Makkings  on  the  Stjhface.  Condensed  Integument  or 
LoEicA.  Appendages  of  Integument.  Cilia.  Spinas.  Exteenax  Sheaths. 
— Ehi-enberg  described  his  Polygastrica  as  in  aU  cases  defended,  and  their 
figure  defined,  by  an  integ-ument  or  skin, — a  statement  as  generally  contra- 
dicted by  Dujardin,  though  now  confirmed  (in  the  case  of  aU  the  true  Ciliated 
Protozoa)  by  the  researches  of  numerous  later  naturalists.  The  means  resorted 
to  for  its  demonstration,  where  not  otherwise  evident,  consist  in  the  application 
of  chemical  agents — for  example,  of  acetic  acid,  of  tincture  of  iodine,  and  of 
diluted  alcohol,  aU  which  operate  ia  a  different  manner  upon  the  integument 
and  on  the  contents  of  the  body,  most  frequently  causing  a  separation  of  the 
two  by  corrugating  the  latter,  and,  it  may  be,  coloui-iag  it  at  the  same  time. 

Perty  could  not  convince  himself  of  the  existence  of  an  epidermis,  although 
he  believed  the  external  surface  to  be  modified  so  far  as  to  render  it  rtiore 
resistant,  or  in  fact  to  form  what  Mr.  Carter  calls  a  peUicle ;  at  the  same  time 
he  attributed  marks  or  liaes  visible  on  the  siu'face  to  fat-  or  other  corpuscles 
subjacent  to  it.  "  The  pellicula,"  Mr.  Carter  says,  "  is  a  structui-eless  pro- 
duct, wiiich  hardens  after  secretion ;  and  the  inference  is  that  there  is  a  layer 
below  specially  organized  for  its  formation,"  and  that  it  is  not  secreted  by 
the  lamina  known  as  the  "  cortical  layer"  or  the  "  diaphane." 

On  the  other  hand  Meyen,  Siebold,  KoUiker,  Prey,  and  Lenckai't  concur 
in  describing  a  distinct  envelojDing  delicate  membrane,  which  Frey  thought 
evidenced  both  by  the  manner  ia  which  an  animalcule  raptures  under  pressiu-e 
and  gives  vent  to  the  soft  contents,  and  by  the  appearance  of  little  shreds  he 
noticed  on  the  torn  edges  of  a  Stentor.  A  more  direct  demonstration  was 
afforded  by  Cohn,  who  resorted  to  chemical  reagents  for  the  purpose. 

This  excellent  observer  experimented  with  several  of  the  larger  Cniata,  but  for 
illustration  referred  chiefly  to  Lo.vodcs  (Paramecium)  Bursaria.  Stein  argues 
that  the  animalcule  so  described  by  Cohn  was  not  a  Loxodes,  but  a  Paramecium, 
since  all  its  cilia  were  of  equal  length,  a  feature  peculiar  to  this  genus  (Stein, 
op  cit  p.  239).    On  adding  a  little  alcohol  to  a  drop  of  water  containing 
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specimens  of  this  animalcule,  death  ensued  ;  but  before  this  happened,  a  deli- 
cate membrane  was  seen  to  elevate  itself  at  parts  of  the  surface,  producing  a 
vesicular-  appearance,  and  accompanied  by  a  shi-inking  of  the  contained  matters  ; 
while  these  changes  proceeded,  several  contiguous  vesicles  woirld  run  into  one, 
and  thus  strip  more  or  less  completely  the  subjacent  tissue,  until,  by  the  pro- 
longed action  of  the  alcohol,  a  central  shrunken  mass  appeared,  sun-ounded  by 
a  loose  membrane,  adlierent  to  it  only  at  the  spot  where  the  mouth  was  con- 
tinued inwards  as  a  pharynx.  This  membrane,  so  demonstrated,  is  homoge- 
neous and  transpai-ent,  but  not  entirely  structiu'eless ;  for  close  obseiwation 
reveals,  over  its  entii'e  surface,  two  series  of  spirally- disposed,  delicate,  and 
closely-approximated  lines,  which  so  iatersect  one  another  as  to  produce  a 
miniatui-e  diamond  pattern  (XXIX.  26).  Purther,  the  notched  or  serrated 
appearance  of  the  periphery  (XXIX.  28,  29,  30)  shows  that  these  Hues  ai-e 
actually  folds  or  fuiTows,  and  that  each  little  diamond  may  be  represented  as 
a  minute  foiu'-sided  pyramid  bearing  a  cUium  at  its  summit. 

By  pursuing  a  similar  plan  of  investigation,  a  separable  integument  has 
been  demonstrated  in  many  Ciliata.  For  instance.  Stein  described  such  a 
coveiing  in  the  several  genera  he  subjected  to  observation,  and  proves  its  ex- 
istence also  after  the  process  of  encysting  has  taken  place.  On  adding  dilute 
acetic  acid  to  the  VorticeUina — for  example,  to  specimens  of  Epistylis  or  Oper- 
cularia — the  contents  shrink  into  a  denser  mass,  and  in  so  doing  detach  them- 
selves from  the  integ-ument,  which  is  then  rendered  evident  as  a  ti-ansparent, 
stiiictureless,  homogeneous,  and  smooth  membrane,  having  a  clear,  sharp  out- 
line. When  tincture  of  iodine  is  appHed,  the  integument  remains  uncoloured, 
whUst  the  contents  acquire  a  golden-yellow  tint.  A  solution  of  sugar,  and 
afterwards  a  drop  of  concentrated  sulphxuic  acid,  being  used,  caiises  the  con- 
tents to  swell  up  and  to  assume  a  rose-red  colour,  the  external  waU  continuing 
uncoloured. 

Respecting  the  chemical  constitution  of  the  membrane  of  Loxodes,  Cohn 
informs  us  it  is  soluble  neither  ui  sulphui-ic  acid  nor  in  potassa,  whilst  the  eon- 
tents  are  dissolved  and  dispersed  by  the  latter.  From  this  reaction  he  con- 
cludes that  the  cuticle  is  not  a  proteiae  compoimd,  like  animal  membrane  in 
general,  but  the  substance  caUed  cUtine,  and  therefore  in  this  respect  similar 
to  the  cuticle  of  plants.  In  Paramecium,  he  adds,  an  iateg-ument  having  the 
same  sort  of  markings  and  a  similar  chemical  reaction  exists,  and  that,  with- 
out doubt,  aU  the  species  described  by  Dujardin  as  having  a  reticulated 
^velope,  m  his  famihes  '  Biu'sariens '  and  '  Parameciens,'  have  a  like  structure 
moreover,  this  skin  has  its  special  characters  in  diiferent  genera,  as  is  iUus- 
trated  m  the  above  account  of  Paramecium  Bursaria,  and  may  be  exemplified 
in  other  cases.  Thus  in  Coleps  and  Stentor  polymorphus,  the  cuticle  is  so 
intersected  by  hnes  as  to  leave  intermediate  foiu'-sided  prisms,  each  of  which 
bears  a  cihum  at  its  apex,  whilst  at  the  intersection  of  the  lines,  single  long 
Z  T^'  'T^''"'  I^achmann  {A.  N.  H.  1857,  xLx.  p.  ]  25,  in  foot- 
Siteo^Pn^  Turbellaria.    Again,  OpJirydncm  versatile  has  its 

Sf^^flV^""^       fiBc  closely-aggregated,  annulai-  folds,  and  into  three 


dmihlp  r.,,fi,-^„  1,  i  -I;  ,  '  — -^^'"^^  ijcuuuiueui-iijie  siun,  witn  a  aistinct 
Smont  of '  ^^^^^thont  any  inherent  contractility.  It  is  most  like  the 
S  Srnvn   f  Ti,"?'  m^'^^'^tlj  in  not  being  capable  of  falhng 

80  VPS  ot  /      .       ^J^-  the  action  of  acetic  acid,  which  dis- 

mlf  "^t  ^^^'"^  '^°'^tents,  and  leaves  it  in  an  isolated  state. 

VhrJT  '^Y?^"''  S  f  nnimalcules  to  be  covered  with  an  integument. 
Khienbeig  chstinguishcd  those  enclosed  by  a  f.r.u,  more  or  less  unyielding, 
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envelope  or  sheath,  as  '  loricated/  in  opposition  to  the  rest,  which  he  called 
'  illoricated.'  These  terms  he  has,  however,  employed  in  so  loose  a  manner, 
that  they  really  possess  no  definite  and  constant  meaning.  For  example,  the 
sheaths  of  encased  animalcules  represented  by  the  Oplirydina  are  designated 
loricas,  the  enclosed  animal,  although  possessing  a  distinct  integument,  being 
considered  naked, — ^while,  again,  the  indurated  closely-fitting  integument  of 
Eiiplotes  and  Coleps  is  equally  styled  a  lorica,  although  so  different  in  cha- 
racter and  relations.  The  term  lorica  could  only,  indeed,  be  legitimately 
employed  either  to  designate  the  sheaths  of  such  animalcules  as  the  Ojjhry- 
dina,  or  the  indiu'ated  integument  of  others,  as  Coleps, — ^to  one  or  the  other, 
but  not  to  both  ;  to  the  former  it  is  unnecessary,  to  the  latter  it  is  admissible. 

The  integument  of  the  CiHata  has  generally  been  regarded  to  be  in  itself 
contractile  ;  but  it  seems  that  this  is  an  error,  and  that,  in  fact,  it  is  simply 
elastic.  As  such,  its  action  must  be  counter  to  that  of  the  subjacent  con- 
tractile layer,  and  be  therefore  the  chief  agent  in  restoring  the  figure  when 
the  contractile  force  is  relaxed  ;  at  the  same  time  its  elasticity  wiU  allow  of 
considerable  alterations  in  form,  fi'om  contact  and  pressure  of  external  more 
rigid  objects.  To  this  an  exception  occurs  in  the  case  of  those  Ciliated  Pro- 
tozoa in  which  the  integument  is  much  hardened,  and  forms  a  lorica  or  shield. 
This  induration  may  be  more  or  less  extensive,  so  as  either  to  cover  the  dorsum 
with  a  shield-like  plate  (scutelliun),  as  in  Ghlamidodon,  or  to  entii-ely  sur- 
round the  animalcule,  as  in  Coleps,  when  it  constitutes  an  "  mxeolus,"  open 
at  the  ends. 

The  external  envelope,  when  thus  hardened,  has  developed  from  it  various 
processes,  of  a  more  or  less  rigid  character,  which  look  like  spines  (sets) 
(XXrV.  284,  285),  or  hooks  (uncini)  (XXV.  344,  347),  or  are  elongated  as 
styles  (XXXVIII.  10 ;  XXV.  350,  351),  aU  which  are  oftentimes  made  sub- 
servient to  the  act  of  locomotion,  and  less  frequently  to  that  of  prehension  also. 
It  must,  however,  be  admitted  that  such  processes  are  not  confined  to  genera 
in  which  the  integument  is  very  appreciably  indurated,  but  occur  where  it  is 
of  softer  consistency — ^for  instance,  in  Stylonychia  (XXV.  343,  344). 

The  integument  is  combustible  and  also  diffluent,  even  when  indurated,  just 
as  are  the  softer  contents,  although  more  slowly. 

ExTEENAi  Skeaths  OR  Cases. — Before  quitting  the  account  of  the  common 
integument  or  cuticle  immediately  investing  the  body  of  the  Ciliated  Protozoa, 
a  description  of  an  homologous  membrane,  in  fact,  of  a  prolongation,  dedu- 
plication,  or  process  of  it,  in  the  form  of  an  external  sheath  or  case  about 
certain  fixed  species,  becomes  necessary.  .   .  n 

The  species  so  encased  are  either  sessile  or  have  only  a  short  stalk  attach- 
ing them  to  the  bottom  of  the  case ;  thus  Vaginicola  (XXVII.  10,  11)  is 
staUdess  or  nearly  so,  whilst  Tintinnus  has  a  more  appreciable  pedicle :  on 
the  other  hand  the  case  itself  may  be  stalked,  as  in  Cothurnia  (XXX.  1 2-16) ; 
where  this  happens,  the  stem  does  not  equal  the  length  of  the  sheath,  but  is 
short,  soUd,  and  thick,  expanding  upwards  to  its  attachment  with  the  base 
of  the  latter,  and  frequently  thrown  into  transverse  folds  and  curved  (XXX. 
12, 15).  It  is  homologous  with  the  rigid  stem  of  Epistylis,  which  it  resem- 
bles also  in  chemical  characters. 

A  very  remarkable  exception  to  the  general  rule  of  the  attachment  ot 
tunicated  Vorticellina  to  the  bottom  of  their  case,  occui-s  in  the  new  genus 
Taaenophrys,  in  which  the  animalcule  is  suspended  from  the  narrow  aperture 
of  the  sheath,  so  as  to  leave  a  more  or  loss  considerable  space  around  it 
rXXX  29-34)  The  margin  of  the  head  of  the  animal,  i.  e.  the  peristom,  is 
beneath  the  opening  of  the  sheath,  which  has  the  further  peculiarity  of  bemg 
ve^  narrow  L\  tvvo-lipped  (XXX.  29,  32,  34).    In  one  species  (L.  mssa)  a 
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cyliudrical  short  tube,  with  a  serrate  edge  and  longitudinally  striated,  is  re- 
presented by  Stein  to  project  from  the  opening  of  the  sheath.  It  is,  he  adds, 
separable  above  into  two  lips,  which  close  when  the  animal  retracts  itself. 

It  is  not  very  imusual  to  meet  vnth.  sheaths  occupied  by  two  animalcules, 
— a  cii-cumstance  due  to  the  act  of  self-division  (XXVII.  10  ;  XXVIII,  19). 
In  a  few  instances  also,  one,  two,  or  more  small  yoimg  individuals  Ue  free 
witliin  the  sheath  of  the  parent,  e.  g.  Lagenophrys  (XXX.  29,  34).  The 
sheath  is  always  a  product  secreted  from  the  animalcule,  and  fii'st  makes  its 
appearance  around  its  base  as  a  soft,  homogeneous,  colourless,  jeUy-like  matter. 
During  the  process  of  its  formation,  the  animal  preserves  a  contracted  state, 
which  diminishes,  however,  as  the  excreted  layer  advances,  and  ceases  on  its 
completion ;  and  siuce  each  genus  has  a  characteristic  outKne,  as  weU  in  the 
contracted  as  in  the  expanded  condition,  the  sheath  acquires  also  its  special 
character  only.  More  or  less  of  the  posterior  extremity  is  concerned  in  ex- 
cretiag  the  formative  matter ;  but  this  having  adhered  to  the  anterior  part 
whilst  in  a  contracted  state,  becomes  di-awn  forward  by  the  progressive 
elongation  of  the  entire  body,  until  at  length,  on  full  expansion  taking 
place,  the  connexion  is  broken  and  the  sheath  acquires  a  free  edge.  So  soon 
as  excreted,  the  gelatinous  layer  proceeds  to  solidify,  and  simultaneously  to 
contract  itself  in  thickness,  so  as  to  form  a  membrane,  which,  on  its  subse- 
quent detachment  from  the  fore  part  of  the  animal,  forms  a  loosely-investing 
case  around  it.  This  description  of  the  construction  of  the  sheath  applies  to 
all  those  genera  where  the  animal  is  fixed  at  the  bottom  ;  but  in  the  instance 
of  Lagenophrys,  where  it  is  suspended  fi'om  the  constricted  orifice  of  the  case 
by  its  peristom,  some  other  plan  of  formation  must  be  presumed,  concerning 
which,  however,  we  have  as  yet,  unfortunately,  no  direct  observation  to  teach 
us.  In  several  species,  as  Cothurnia  imberbis,  the  sheath  not  merely  acquires 
a  parchment-like  firmness,  but  also  a  decided  coloiu' — mostly  yellow  at  first, 
afterwards  a  rusty  red. 

Dr.  StrethiU  Wright,  of  Edinburgh,  has  kindly  sent  us  some  notes  on  the 
intimate  structure  of  the  sheath  of  Lagotia ;  and  doubtless  they  hold  good  to 
a  greater  or  less  extent,  so  far  as  they  represent  general  facts,  in  the  case  of 
sheaths  of  other  Opiinjdina.  He  writes — "  The  tube  consists  of  yellowish 
chitine,  lined  with  a  layer  of  dark-green  sarcode  of  varying  thickness  (which, 
I  beheve,  secretes  the  chitine),  and  covered  externally  by  a  much  thinner 
layer  of  matter,  which  appears  to  be  equivalent  to  the  '  colletoderm  '  of  the 
Hydroidce."  This  stnicture  is  illustrated  by  figs.  12  and  13,  PI.  XXXI. 
The  following  accoimt  applies  specially  to  the  sheath  of  Lagotia  (XXXI.  7,  8, 
12, 13),  which  presents  a  series  of  rings,  apparently  spii-al,  but,  in  our  opinion^ 
not  so.  "  The  Unes,"  says  Dr.  Wright,  "  are  seen  to  consist  of  the  remains  of 
the  trumpet-shaped  mouth,  which  is  paitiaUy  absorbed  as  the  tube  increases 
its  length,  but  stiU  remains  as  a  slightly-overiapping  ridge  over  the  new  part 
of  the  tube  growing  within  it.  The  groove  thus  formed  is  fiUed  up  with  the 
'  colletoderm  '  The  spii-al  character  seems  to  be  in  some  way  connected  with 
this  mode  of  growth  ;  but  I  have  not  satisfied  myself  in  ivJiat  way."  In  a 
subsequent  letter  he  writes-"  The  chitinous  matter  of  each  successive  ring 
is  not  continuous  with  that  of  the  rings  above  and  below  it;  it  is  only  at- 
tached to  It  by  the  inner  hnmg  of  sarcode  and  by  its  outer  covering  (XXXI. 
1  /i,  •  ■    -1.^   i""^  condition  a  provision  for  the  growth  of  the  tube, 

both  in  width,  length,  and  thickness,  similar  to  that  which  occurs  in  the 
shell  oi  Echmm.  Growth  in  length  may  be  effected  by  deposition  of  chitine 
on  the  upper  and  lower  edge  of  each  ling,  growth  in  breadth  by  the  gradual 
unrollmg  of  the  spiral,  while  a  continuous  deposition  of  bnrd  matter  from 
the  inner  hnmg  of  sarcode  thickens  and  strengthens  the  whole  tube." 


284 


GENEEAL  HiaTOllY  01'  TIIH  INL'USOHIA. 


In  speaking  of  the  attachment  of  the  sheath,  we  have  mentioned  only  that 
by  the  base,  with  or  without  a  staUc.  But  there  are  a  few  fonns  which  affix 
themselves  to  foreign  bodies  by  one  side  of  their  sheath,  e.  ^.  Vaginicola 
decumbens  (Ehr.)  and  the  genus  Lagenophrys.  In  such  cases  the  attached 
side  is  flattened,  so  as  to  increase  the  surface  in  contact. 

But,  apart  from  the  mode  of  attachment,  the  sheaths  of  different  genera 
vary  in  figure  ;  and  as  to  size,  there  is  no  constant  relation  between  that  of  the 
case  and  that  of  the  enclosed  being.  The  figure  of  the  sheath,  even  in  one 
and  the  same  species,  is  subject  to  modification  from  age  and  fi'om  surrounding 
cii-cumstances.  Thus,  in  Vaginicola  crystallina  it  is  usually  cylindrical  and 
truncate  (XXVII.  11),  but  at  times  it  may  be  bellied  posteriorly  (XXVII.  10), 
or,  otherwise,  have  its  anterior  border  expanded  and  curved  outwards,  or  be 
narrowed  in  front,  or  compressed  in  one  direction.  Nevertheless  there  is 
usually  a  general  resemblance  in  figTii-e  among  individuals  of  the  same  species  or 
genus,  sufficient  to  furnish  descriptive  characters.  For  example,  Cothurnia 
imherbis  has  commonly  a  cylindrical  sheath,  beUied  posteriorly  and  slightly 
contracted  anteriorly  (XXX.  15),  whilst  C.  Sieboldii  is  campanulate,  and  has 
its  anterior  half  compressed  in  one  direction,  and  its  angles  in  front  prolonged 
and  tapering  (XXX.  13,  14).  In  the  genus  Lagenophrys,  when  adherent  by 
its  flattened  side,  the  sheath  appears  ovoid  or  shaped  like  a  bellied  oil-jar,  with 
a  contracted  truncate  mouth  (XXX.  29,  30).  A  peculiar  form  of  sheath  is 
presented  to  us  in  the  genus  Lagotia  (XXVIII.  21,  23),  wHch  may  be  de- 
scribed as  retort-shaped,  the  relative  diameter  and  length  of  the  body  and 
neck  differing  in  different  specimens  or  species.  In  one  species,  at  least,  the 
neck  has  the  further  peculiarity  of  being  thrown  into  spii-al  or,  otherwise, 
annular  folds  or  rings  (XXXI.  7,  8),  the  presumed  form  and  ongin  of  which 
have  just  been  described.  ■  •  e 

We  are  fiu'ther  indebted  to  the  discoverer  of  Lagotia  for  the  recogmtion  ot 
a  remarkable  valvular  stracture  within  the  tubular  sheath  of  a  species  of  Va- 
mmcoZa,  which  he  in  consequence  names  Vag.  valvata  (XXVIII.  18,19). 
Dr  Wright  states  {Edin.  New  Phil.  Joum.  April,  1858)—"  On  examining 
the  valve  in  sitit,  I  found  it  to  consist  of  a  rigid  plate  imbedded  in  a  thick 
layer  of  transparent  sarcode  (XXVIII.  18  6),  which  latter  was  continuous  at 
the  lower  end  of  the  valve  with  a  thin  layer  of  the  same  substance,  kmng 
the  whole  of  the  interior,  and  coating  the  upper  part  of  the  extenor  of  the 
tube  The  valve  was  closed  by  a  contractUe  process  passing  fi'om  its  imder- 
surface  to  the  waU  of  the  tube.  ...  I  am  disposed  to  consider  the  whole  ap- 
paratus to  consist  of  an  oval  plate  of  soft  sarcode,  supported  by  an  mcluded 
bar  or  narrow  plate  of  horn  or  chitine.  .  .  .  In^  some  specimens  the  tube  was 
marked  with  close  transverse  or  cii'cular  strife." 

In  Stentor  Miilleri  (XXVIII.  16,  17),  we  have  the  cuiious  instsmce  of  an 
animal  living  indifferently  with  or  without  a  sheath,  and  enjoying  ti-eedom  ot 
movement.  Amidst  numerous  specimens  of  this  species,  not  a  few  (says  Lohn) 
may  be  seen  swimming  freely  about,  or,  otherwise,  attached,  enclosed  withm  a 
roomy  ovate  sheath,  composed  of  a  soft  gelatinous  substance,  and  open  at  one  end 
CXXVIII  17)  The  animalcule  is  fixed  by  its  posteiior  extreimty  (apparently 
converted  for  the  time  into  a  suctorial  disk)  to  the  closed  end  of  the  sheath ;  but 
it  is  stUlable  to  evert  its  spiral  ciUaiy  weath,  and  to  extend  itself  beyond  the 
onen  mouth,  or  to  retract  itself  in  a  contracted  condition  withm  its  interior. 
Ehrenberg  remarked  the  exudation  of  a  mucous  sheath  around  this  animal- 
cule when  kept  confined  for  some  time  for  observation  within  small  glass 
tubes  but  mistook  it  for  a  sort  of  morbid  act  preparatory  to  death.  Cohn,  on 
the  contraiT,  has  shown  ^Zcitschr.  1853,  iv.  p.  263)  that  it  is  m  no  way  con- 
nected with  disease  or  ^vith  approaching  death,  but  happens  with  indmduals 
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in  full  vital  activity  and  suiTounded  by  favom'able  external  conditions,  and 
adds  that  gemmation  frequently  proceeds  in  these  encased  beings,  and  that, 
■when  from  evaporation  of  the  siu-roimding  fluid  or  other  prejudicial  cause  the 
animals  are  threatened  with  injury,  they  quit  their  sheaths  and  swim  away, 
the  previously  suctorial  extremity  resolving  itself  into  a  pencU  of  bristles. 
The  result  of  these  observations  of  Cohn  is  to  disassociate  this  phenomenon  of 
sheath-formation  in  Stentor  from  that  of  the  encysting  process,  to  which 
Ehrenberg's  account  of  it  would  have  led  it  to  be  referred. 

Dr.  Strethill  "Wright  coincides  vnth  Cohn  in  denying  the  relation  between 
the  presence  of  the  sheath  of  Stentor  Mulleri  and  the  diseased  or  dying  state 
of  the  animalcule.  Indeed  he  speaks  of  the  presence  of  a  gelatinous  case 
as  the  rale,  and  adds  that  "  as  the  zooids  (animalcules)  divide  they  form  a 
gelatinous  mass,  which  is  attached  to  weeds  and  often  to  the  surface  of  the 
water,  from  which  I  have  seen  some  10  or  15  combined  Stentors  hanging 
with  their  heads  downwards." 

CixiA  AND  CniAET  AcTioN. — The  most  common,  and  at  the  same  time  the 
characteristic  external  appendages  of  the  Ciliated  Protozoa  axe  the  cilia,  which 
constitute  their  most  active  and  powerful  locomotive  organs.  Cilia  are, 
moreover,  not  wanting  internally,  but  are  there  comparatively  few,  since 
they  are  appendages  only  of  free  surfaces.  They  are  met  with  lining  the 
oesophagus,  where  they,  no  doubt,  seiwe  to  facHitate  the  ingestion  of  food  and 
of  the  water  taken  in  for  the  purposes  of  aeration. 

The  nature  and  cause  of  ciliary  movement  have  been  much  debated.  To 
account  for  the  energetic  and  peculiar  movements  of  cilia,  Ehrenberg  imagined 
the  existence  of  a  muscular  apparatus  at  their  globular  roots,  consisting  of  four 
muscles,  each  puUing  in  an  opposite  direction,  but,  by  acting  in  succession, 
causing  the  apparent  rotation  of  the  axis  around  the  fixed  base.  This  bold 
idea  has  met  with  no  favour  among  physiologists,  who  condemn  it  as  purely 
imaginary  and  as  opposed  to  the  simplicity  of  nature,  to  all  analogy,  and  to 
aU  the  admitted  facts  and  principles  of  histology.  Most  inquirers  despair  of 
attaining  a  satisfactory  explanation,  of  ciliary  action,  and  treat  it  as  an  iilti- 
mate  fact.  However,  Cohn,  looking  to  the  peculiar  structure  of  the  integu- 
ment of  Paramecium  {Loxodes)  Bursaria  (XXIX.  26),  fancied  that  ciliary 
motion  admitted  of  explanation,  since,  on  the  supposition  of  an  inherent 
contractility  in  that  membrane,  each  little  pyramid  might  be  imagined  to 
conti-act  its  sides  in  turn,  and  make  the  cilium  surrounding  it  revolve  in  the 
figure  of  an  inverted  cone.  But  granting  the  possibility  of  this  explanation 
in  the  case  of  the  animalcule  cited,  it  could  in  no  wise  be  applied  generally 
to  cUiary  motion ;  for  a  sunilar  structiu-e  is  found  in  comparatively  few  other 
examples,  and  the  innate  contractility  of  the  supporting  membrane,  assumed 
m  the  mstance  in  question,  has  certainly  no  existence  in  many  ciliated  sur- 
feces,  and  involves  nearly  an  equal  stretch  of  imagination  to  conceive  as 
Ehrenberg's  muscles. 

Returning  from  this  digression  on  the  nature  and  cause  of  ciUary  action, 
let  us  briefly  review  the  mode  of  distribution  of  cilia  in  the  Protozoa.  In 
pris^'x^VrrT  f  ^^'^iflfbuted  universaUy  over  the  surface  (XXIX.  20, 
ll^L  '  ^^^1^^-  ^'  ^'  ^.1)'  at  random,  however,  but  in  definite  parallel 
A  ^i.tThnH  '  '  ^PP™'^t«^^'  ^is^ally  traversing  the  length  of  the  body. 
t  ntnn?f^  \      ^T^'^  unf^quently  observed  across 

^LT^l  1         ^^^'"^  generally  diffused  over  the  body,  they  are 

commonly  more  developed  at  certain  parts,  as  about  the  mouth,  the  head,  and 
Sw7.1  /y^'ty  processes  or  m  any  depressions  of  the  body,  e.  g.  in 
L.nuoaon  (AAiA.  48),  Bursaria,  Leucophrys,  Stentor,  &c.  Stein  represents 
It  as  a  genenc  character,  that  in  Paramecium  (XXIX.  28)  all  the  ciHa  are 
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of  imiform  length.  In  CoZeps  (XXIV,  284),  the  lorica  is  divided  into  a  mul- 
titude of  minvite  facettes  by  intercurrent  lines  or  sulci,  and  the  cilia  are  placed 
at  the  points  of  their  intersection.  In  Colpoda  Oucullulus  (XXIX.  35,  36,  37), 
the  cilia  are  much  longer  at  the  anterior  prolonged  extremity,  the  lip,  just 
as  in  Ghilodon  ;  but  there  is  besides,  in  the  deep  sulcus  where  the  mouth  is 
found,  a  dense  pencU  of  long  and  strong  ciUa  (XXIX.  37),  which  Ehrenberg 
mistook  for  a  solid  process  of  the  body,  and  caUed  the  "  tongue."  From  this 
fasciculus  or  bundle,  a  row  of  long  cilia  is,  moreover,  seen  to  extend  backwards 
to  the  posterior  extremity  (XXIX.  37). 

Other  groups  of  Ciliated  Protozoa  have  the  cilia  confined,  more  or  less  strictly, 
to  one  part  or  organ  of  the  body,— a  circumstance  exemi)Med  in  the  Vorti- 
cellma  and  Ophryclina  (XXX.  1,  2,  5,  9  ;  XXIX.  1,  3,  4,  5).  This  Hmita- 
tion,  as  contrasted  with  the  general  difeusion  of  cilia,  miplies  an  advance  m 
the  scheme  of  organization,  and  is  attended  by  the  construction  of  a  special 
apparatus  about  the  head  of  the  animalcules.  Thus,  in  the  famiHes  named, 
the  rule  is  that  the  anterior  extremity  is  bounded  by  an  evident,  mostly  thick- 
ened margin,  either  curved  or  straight— the  ''peristom  "—crowned  with  yibra- 
tne  ciha  and  complicated  by  an  internal,  usuaUy  extensile,  cihated  disk  or 
rotary  organ  (XXX.  1,  2,  9  a,  29  a),  the  whole  apparatus  recalling  the  struc- 
tui-e  of  the  rotary  organ  of  the  Rotatoria.  The  ciHa  appertaining  to  the  pe- 
ristom  and  disk  are  highly  developed  and  strong,  although,  instead  of  serving 
for  locomotion,  they  only  subserve  the  processes  of  nutrition  and  aeration  or 
resnii-ation,  by  reason  of  the  fixed  condition  of  the  animalcules  possessing  them. 

Another  pecuUarity  of  the  ciliary  apparatus  of  the  rorticellina  aniOphry- 
clma  is  that  it  is  retractHe  (XXX.  6a),  or  can  be  involuted  and  withdrawn 
into  the  interior  of  the  animal  (XXX.  13),  and  the  penstom  closed  completely, 
and  contracted  sometimes  so  far  as  to  diw  in  a  pari  of  wall  around  i^ 
and  not  leave  a  single  ciHum  visible  externally  (XXX.  11  b,  31,  66).  _  wnen 
thus  retracted,  the  ciliated  organ  appears  like  an  internal,  irregular-sigmoid 
contracted  cavity  or  fissure,  with  the  cilia  closely  packed  together  and  scarcely 
rSuishable  (XXVII.  5  «,  6  ;  XXX.  11  b).  The  retractaon  of  the  cihaiy 
wreaths,  wHch  takes  place  very  rapidly,  is  caused  by  the  presence  of  sui- 
™dSg  objects  in  the  immediate  vicinity  of  the  animal,  by  their  contact 
with  it,  by  any  shocks  it  may  feel,  and  by  the  presence  of  noxious  matters  in 
the  water.  On  the  removal  of  such  and  similar  causes  of  annoyance,  the  ex- 
tension of  the  deKcate  apparatus  foUows ;  this  act,  however,  is  less  rapid  than 
that  of  retraction,  and  may  be  arrested  at  any  point. 

A  more  permanent  withdi-awal  of  the  rotary  appai-atus,  the  families 
named  occurs  when  the  process  of  self-division  is  about  to  proceed  (XXVll.d  ; 
XXVIII.  18),  and  also  when  the  animalcule  prepares  to  enter  mto  tne  en- 

'Ce  rappeti^oVcilia  iPwite^^^^^  not  only  in.  VorticeUina  and  Opl.^ 
dma  whSi  the  process  of  encysting  takes  place,  but  is  a  general  pl^enomenon 
amonlciUated  Organisms  under  the  same  circumstances;  ye  woidd  a^peai 
Sn  some  cases,  even  when  an  animalcule  has  smiminded  itself  witii  a 
cvst  5s  cilia  are  not  actually  lost,  but  only  withdi-awn  from  view,--a  fact 
ad?eried  to  by  Stein  in  his  account  of  CMlodon  GuculUaus,  which  at  times 
ato  encysting  itself  and  developing  one  or  more  living  gems  wi  bin  the 
7.5  has  been  seen  to  renew  its  original  appearance,  to  regain  its  cilia  upon 
f/s  si>e  aSd  'k^  rotating  for  a  while'4itHn  the  sac,  to  burst  at  length 
^0^  t  and  escape  (XXIX.  55,  58).  Moreover  many  obsei-vers  have 
S  fact  that  an  animalcule  may,  soon  after  encystmg  itself,  be  set 
V  run  WV  tho  cyst  by  pressiu-e,  and  then  reassume  its  previous  cihated 
I;iScSio-   -Nev/rtLless  the  act  of  encysting,  when  advanced  to 
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a  certain  point,  or  when  the  reproductive  process  consequent  upon  it  differs 
from  that  seen  in  Chilodon,  appears  to  involve  the  final  disappearance  both 
of  generally  diffused  cilia  and  of  specially  organLsed  ciliai-y  wreaths. 

The  arrest  of  the  motion,  and  the  ultimate  disappearance  of  cilia,  are  phe- 
nomena attendant  also  on  the  death,  or  on  the  approaching  diffluence,  of  ani- 
malcules— when  the  surrounding  water  dries  up,  or  when  their  vitality  is 
injiu-ed  by  chemical  agents  or  by  physical  forces,  such  as  electricity  and  heat. 
Stein,  however,  states  that,  although  the  animalcule,  e.  g.  a  Paramecium,  is 
killed  by  the  addition  of  very  dilute  acetic  acid,  yet  its  cilia  continue  visible 
and  of  their  nomal  length,  Cohn  beheved  the  cilia  to  be  very  much  longer 
than  Ehrenberg  represented ;  but,  as  Steia  affirms,  this  notion  originated  from 
an  unnatui'al  appearance  consequent  on  the  dying  state  of  the  animalcule,  from 
evaporation  of  the  surroimding  water ;  and  he  adds  that  a  similar  elongation 
of  cilia  appears  immediately  at  the  point  where  strong  acetic  acid  comes  into 
contact  vrith  the  surface.  But  this  explanation  has  since  been  set  aside  by 
Prof.  AUman's  discovery  of  the  existence  of  trichocysts,  or  thread-cells, 
within  the  subtegumentary  layer  of  the  body  (XXXI.  1-4),  to  which  he  at- 
tributes the  phenomena  observed  and  discussed  by  Cohn  and  Stein. 

An  instance  of  a  temporary  formation  of  ciha  is  seen  in  the  Vorticellina 
and  OphrycUna  when  the  offspiing,  formed  by  fission  or  by  gemmation,  is  pre- 
pared to  detach  itself  from  the  parent  being.  Under  such  circumstances,  and 
prior  to  the  development  of  the  interior  retractile  ciliary  organ,  a  wreath  of 
ciha  makes  its  appearance  (XXVII.  4, 11)  near  the  posterior  extremity— but 
which,  indeed,  for  the  time,  advances  first  in  swimming,  and  continues  to  do 
so  until  the  animalcule  has  attached  itself  and  proceeds  to  unfold  the  ciliated 
apparatus  at  its  head. 

In  the  above  account,  reference  has  been  chiefly  made  to  vibratUe  cilia,  but, 
as  before  noticed,  there  are  tegumentary  processes  of  larger  size,  coarser  and 
stiffer,  and  withal  not  vibratile,  although  moveable.  Such  serve  frequently 
as  special  organs  of  locomotion,  or  of  prehension,  or  of  both,  and  may  also  be 
occasionally  considered  weapons  of  offence  and  defence.  According  to  theii- 
form  they  are  named  setce,  or  bristles ;  undni,  or  hooks :  cirri,  styles  and 
filaments. 

Some  of  these  teims  are  both  loosely  defined  and  used.  Thus  the  bristles 
so  caUed  of  one  author,  are  spoken  of  by  another  as  cini,  or  styles  or  fila- 
ments,—the  structures  thus  variously  caUed  being  long  bristles,  mostly  taper- 
ing and  either  straight  or  but  sHghtly  cui'ved.  The  term  "  cirri  "  (in  EnffHsh 
tendrils)  should  be  disused,  both  as  being  unnecessary  and  also  as  conveyin-  an 
erroneous  conception ;  for  no  organs  like  tendrils  exist  among  Protozoa  TJn- 

ZceSxXTX  T.^^i^^^^     f^i         '^T^'  comparatively  shori. 

processes  (pOX.  15,  17) ;  styles  are  stout  setiform  bristles,  articulated  at 

%f  '"'i      -nsiderable  length  (XXVIIL  lO-  XXV 

S  uf  at  the  I^^^^^-^^  teUs  us,  are  sometimes 

style  bears'a  number  of  small  at  ral  setifo™  bTa^ct  f  Tb.TTr\ 
occi.  at  the  posterior  extremity,  and  ^.^Tt^X  the  meS? 

h  rt^^^  p^^'^^-^  them  LrrZ  wSi  t 

S  these  te™Hrt  ^'^^^^  '"""P^S  and  cHmbing.    As  examples 

Seror.  thHnlT^^^^^^  adduced  the  setre  of  Urostylalnd 

SxV  bo  SSSW^rnf  P^^^  ary^ma  (XXVIIL  10),  Euplotcs 

de^Jloned  sofoii  .  «f  Intermediate  grades,  between  the  highly- 

tSSS  '''''^  '''^''^'y  vibratile  cilia,  may  be  sefn  in 

thelaigei  and  more  ngul  cihary  structures  alluded  to  above  as  often  found 
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along  the  margin  of  animalcules,  on  eminences  and  in  f  P^.^f.^YJ^.^.^^^^' 
narticular  pails  ;  such  Lachmann  would  name  "  ciltarij  bris  les.  In  Irtclw- 
SSfpS  cwL  (XXIX.  17),  Stein  describes  a  circle  of  uncmi  supported  on  a 
cSaSnouHr  corneous  ring,  and  external  to  this  a  yeUomsh  membrane  ot 
comeoirconsistence  and  extraordinary  flexibility,  with  closely-placed  stn^ 
ac'ss  it.  On  a  lateral  view  of  the  animalcule,  th.  membrane  is  seen  to  iise 
rmiTifl  the  circlet  of  uncini  like  a  raised  nm  (AAiA.  i  //> 

ToCOMOT?S  ANn  riXEB  FoUMS  OF  THE  CmATA.     VaBIETIES  OF  LoCOMOXION 

T™^ToTpo^vFB  OF  Locomotion  AMONa  the  Attachi^d  Genera.  Pedicle 
EcHED.  Yarieb  Outline  of  Ramified  Stems    STRXiCTxmE  of 
ISm     C^NmACTiLE  Stems.    Riom  STEMs.-The  Cihata,  with  respect  to  the 
fition  of  locomotion,  present  themselves  under  _  two  groups,-one  compre- 
tho  e  c^enera  which  at  aU  periods  of  theii'  existence  can  move  from 
Ict^f  riace  at  ^,^he  other  embracing  aU  those  which  under  ordinary 
S^ditils  are  attaTed  by  means  of  a  stem  or  pedicle,  of  greater  or  less  length. 
Thrfomer-t^^^^^^^  group-includes  the  larger  number  of  genera 

all  of  which  the  cilia  are  mo?e  or  less  generaUy  distnbiited  over  the  entixe 
Zt    T^eiJ  sWming  movements  are  espcciaUy  due  to  the  cJia,  but  may  be 

instmcesby  the  general  flgmaot  the  boay^^  ^ 
TtVTo"Xe  tag^Hor&t-aris  ottLbedy;  and  when 

mtamated  the  ^eTeiopemen^^^  constriction  of  a  portion,  reducmg  it 

pari;s,  so  as  to  ±o™  Processes,  oi         ,        ^„  of  the  entii-e  animal  mto 
orSat:  i'^ale^ltaS  to  the  pn^^ose  of  loeome- 

but  in 

motion  is  superadded,     for  e™ple,  m  'u  several 

l„phon^,  Eufhtes,  and  (^^;  J^f'  „„e'rea^rith  a  more  resistant 

of^these  examples  we  tod^e  sr^e  rf^^^^  „^  , 

inte«t  or  ^'^JinL  eL  o^Tmyriapodons  msect,  and  supply  a 
along  the  other,  jrKt  as  in  °f  V  ?  ^th  much  aetmty, 

^^^t  PrSdTS':^"Fthe  substance  into 

which  their  bases  are  feed.  .nddenlv  arrest  their  course  and  a-s 

changes  eyhndnca, 
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— the  present  anterior  portion  (formerly  the  posterior)  grows  thicker,  whilst 
the  opposite  end  hecomcs  somewhat  more  pointed.  For  a  few  seconds  the  animal 
swims  about,  revolving  at  the  same  time  upon  its  long  axis,  and  after  sud- 
denly making  a  turn,  rcassnmes  its  regiilar  form  and  its  usual  movements. 
It  is  singular  that  the  cilia  of  the  reversed  anterior  extremity  acquii-e  a  greater 
length  and  strength,  and  act  with  iacreased  vigoxrr,  whilst  those  at  the  oppo- 
site end  become  inconspicuous  and  passive.  During  diastroi)hy,  moreover, 
rotation  upon  its  long  axis  is  particularly  rapid.  Perty  illustrates  this  pecu- 
liar act  of  diastrophy  in  many  other  species,  of  which  we  may  mention  Para- 
mecium Colpoda,  Colpoda  Ren,  Goleps  Mrtus,  Oxytricha  Pellionella,  &c. 

A  very  indifferent  conception  can  be  formed  of  the  energetic  ever-varying 
movements  of  the  Ciliata  by  any  attempted  descriptions  of  their  manner 
and  direction.  One  method  is  combined  with  or  rapidly  exchanged  for  an- 
other ;  and  we  see  the  little  beings  not  simply  swimming,  but  revolving  and 
curving  on  themselves  in  a  marvellous  and  beautiful  manner,  to  be  appre- 
ciated only  by  observation. 

Could  we  imagine  the  existence  of  a  wiH,  or  of  a  power  of  control,  in 
such  tiny  creatures,  we  should  say  that  ciliary  motion  is  at  its  bidding;  we 
see  it  incessantly  varying  in  the  same  individual,  both  in  activity  and  power, 
at  one  moment  urging  on  the  moving  atom  at  full  force,  at  another  merely 
revolving  it  rapidly,  at  another  slackened  and  presently  stopped.  These  va- 
riations, too,  appear  not  fortuitous,  but  directed  to  certain  ends — ^to  the  pro- 
curing of  food,  to  the  avoiding  of  an  obstacle,  or  to  the  escape  from  an  enemy. 
Yet,  on  the  one  hand,  the  belief  in  the  need  of  a  special  organization  for  the 
manifestation  of  volition,  and,  on  the  other,  the  observation  of  very  similar 
movements  in  the  ciliated  cells  of  higher  animals  when  detached  and  free  in 
water,  in  the  Phytozoa  and  in  the  spores  and  filiform  cells  of  plants — are 
circiunstances  which  make  us  hesitate  in  attributing  such  phenomena  to 
any  other  than  purely  physical  forces. 

^"  There  is  no  sufficient  reason,"  says  Dr.  Carpenter  ('  The  Microscope,'  p. 
476),  "  to  regard  such  actions  as  indicative  of  a  wonderful  adaptation,  on  the 
part  of  these  simple  ciliated  cells,  to  a  kind  of  life  which  enables  them  to  go 
in  quest  of  their  own  nutriment,  and  to  introduce  it,  when  obtained,  into  the 
interior  of  their  bodies." 

Prof.  Owen  remarks,  in  his  lectures  on  the  Comparative  Anatomy  and  Phy- 
siology of  the  Invertebrated  Animals  (1843),  p.  19,—"  If  you  watch  the 
motions  of  the  Polygastric  Infusoria,  you  will  perceive  they  avoid  obstacles 
to  their  progress,  rarely  jostle  one  another;  yet  it  is  difficult  to  detect  any 
defimte  caiLse  or  object  of  their  movements."  Further  on,  he  writes—"  The 
motions  of  the  Polygastrica  have  appeared  to  me,  long  watching  them  for  indi- 
catioiLs  of  volition,  to  be  in  general  of  the  nature  of  respiratoiy  acts,  rather  than 
attempts  to  obtain  food  or  avoid  danger.  Very  seldom  can  they  be  construed  as 
voluntary,  but  seem  rather  to  be  automatic— governed  by  the  influence  of  sti- 
muh  Tvithm  or  .nthout  the  body,  not  felt,  but  reflected  upon  the  contractUe 
t'ir  T  "^'^T'  ^^^''^  ^^^^^^  ^e  may  thus  explain 

inm  r  fW    .    w""^''^  ''^'*f  expression  of  sui-prise), 

namely,  that  at  whatever  penod  of  the  night  he  examkied  the  living  Infii- 
ona  he  invariably  foimd  them  moving  as  actively  as  in  the  day^me  •  in 
short.  It  seemed  to  him  that  these  Httle  beings  never  slept  "        ^  ^  ' 

not  rnwirw*'  ^^'.^''J  P^^^^i^^  that  the  true  VorticelUna, 

ToocZnt  f.il^!^  external  sheath,  arrange  themselves  under  two  sections 
Tr  o.^^^^  ^^.'f'"^''  fl^^^tl^       contractile,  or  non-contractile  and  almost 

™Tn  f  y  r^^^^^^  .  ^^"^^^  ^"'"•"■"^"^  i«  the  tyi^e  of  the  contractile 
group,  and  liJpntyhs  that  of  the  non-contractile  and  inflexible.    The  stem 
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of  the  genus  first  named  is  always  simple  or  unbranchcd  (XXVII.  1, 2,^4) ; 
but  in  that  of  the  other  genera  of  Vorticellincir—Yiz.  Garcliesium  (XXX.  9) 
and  Zootlmmnium  (XV.  69)  of  the  contractile-stalked  group,  and  Epistyhs 
and  Opercularia  of  those  having  rigid  stems  (XXX.  1,  ll)-the  young  bemgs 
produced  by  fission  continue  adherent  to  the  parent  stem,  and  then  proceed  to 
dcvelope  secondary  branching  pedicles  of  thek  own,  and  m  this  manner  give 
rise  to  compound  ramified  coUections  of  polyparies.  Since  this  ramification 
is  consequent  on  the  division  of  a  parent-being  into  two,  it  has  necessarily 
a  more  or  less  regular  dichotomous  (forked)  character,  andwiU  be  more  com- 
pound the  oftener  the  process  of  fission  has  been  repeated.  ,  ^ 

The  stem  produced  by  each  half  continues  to  acquire  length  and  strength 
untU  the  being  wHch  surmounts  it  begins  in  its  turn  to  imdego  seK-dmsion 
when  its  growth  at  once  ceases ;  audit  undergoes  no  further  change  whilst  it 
exists,  except  in  acquii'ing  increased  consistence.  _ 

«  The  individuals  on  the  same  stem  have,"  says  Stem  (p.  75),    as  a  rule, 
simUar  dimensions,  those  undergoing  fission,  and  therefore  wider,  excepted 
At  times,  indeed,  one  may  be  found  smaUer  than  its  neighbours  ;  but  this  wiU 
be  traceable  to  some  accidental  circumstance,  such  as  a  less  supply  oi  nu- 
triment to  it,  and  is  never  very  considerable  The  size  of  the  members  of  the 
same  colony  agrees  in  general  with  that  of  the  individual  from  which  the 
whole  have  spnmg.  When  the  newly-developed  fission-segment,  after  detach- 
ing itself  fromits  parent,  forthwith  proceeds  to  fixitself  and  secrete  its  staU. 
Se  newly-developed  colony  will  coincide  in  dimensions  with  that  from  which 
Ms  aSmalc^e  has  proceeded.    On  the  contraiy,  if.  the  ^f-^f  -^J^ 
enjoys  its  freedom  a  longer  time,  appropnates  nourishment  and  atta^^^^^^ 
larger  growth,  the  new  arborescent  polypary  deve  oped  from  it  wiU  be  lar£i 
i^  all  respects  than  the  parent  colony.  Hence  it  is,  that  m  the  same  species 
we  have  great  variety  in  the  dimensions  of  mdmdual  members  as  weU  as  of 
loWs  'and  therefol^e  the  height  of  the  pedicle,  the  thickness  of  itB  branches, 
and  the  size  of  its  individuals  are  useless  as  specific  charactenstics. 

Thfstyle  of  ramification  is  equaUy  devoid  of  constancy  m  the  same  specie  : 
for  (to  continue  our  extracts  from  Stein)  "the  several  branches  may  attam 
an  equal  elevation,  and  so  produce  a  corymb  or  cyme;  o^hemner  may  out- 
Sow  the  outer  branches,  and  the  whole  polypary  resemble  a  bunch  of 
orTpanicle ;  or,  as  occasionaUy  happens,  the  branches  m^  be  all  ^compMy 
developed,  but  at  the  same  time  bear  numerous  mMuals  on  ^Jort  stems 
Snged  in,  close  series  on  one  side,  when  there  wiU  be  a  resemblance  to  an 

^^I?the™ase  of  Ophrydhmi  there  is  a  considerable  depai-ture  from  the  ordi- 
nal stoietoe  and  arrangement  of  the  polyparies  f  y^^^-'^^^'^^^^^ll^:!^^ 
711  Ophryclma.    Ehrenberg  considered  the  globular  masses  of  Oi^-^^^^^^^ 
to  be  constituted  by  the  cohesion  of  their  gelatmous  sheaths,  and  to  be  tte 
eo«nce  oFthefr  incomplete  self-division.    This  l^o^^^^^^^^^'^^^J^ 
n-^^S  •  for  Stein  (p.  246)  confirms  the  statement  of  Frantzms  that  the 
TaSus  baU  Tnot  made  up  of  coherent  sheaths,  but  that  the  bodies  of 
f)twT  are  merely  attached  by  their  tapei-ing  postenor  extremities  to  its 
sSe  and  no^  imbedded  within'  it.   The  animal  sends,  indeed,  a  prdong- 
S^n  of' is  tapering  base  some  short  way  within  the  homogeneous  matnx, 
So  froot    S^hen  it  forcibly  contracts  itself,  a  slight  depression  of  the 
SaL  occi^rs ;  buTin  no  strict  sJnse  can  the  gelatinous  excretion  be  called  a 
sheath  or  lonca.  ^^^^^^^^  Ciliata  have  no  power 

ft  tTt^o'n  tWa  0^^^^^^^^  considerable  relatve  move- 

Tt  higtr         of  this  is  sein  in  the  actively  contractile  stems  of 
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Vorticella,  Oarchesium,  and  Zoothamnhim,  and  the  lowest  in  the  nearly  sessile 
Vag'micola,  and  in  the  rigid-stalked  EpistyVts.  The  movements  of  the  stems 
of  Vorticellce  are  most  astonishing  by  their  activity  and  energy.  _  In  their 
contraction,  which  is  much  quicker  than  extension,  the  pedicle  is  twisted  into 
a  close  spii-al  comparable  to  a  coiled  spiing ;  and  besides  this  action,  by  which 
the  animal  is  instantaneously  drawn  down  to  the  point  of  attachment,  the 
body  itself  shortens,  and  the  cihated  head  and  appendages  are  retracted  under 
cover  of  the  general  integument.  The  branched  pedicle  of  Zoothamnium  is 
less  actively  contractile,  although  still  capable  of  considerable  movement, 
whilst  that  of  Opercularia  and  Epistylis  is  quite  rigid,  or  very  slightly 
flexible,  and  this  in  most  species  only  in  younger  stems,  before  they  are  in- 
dui-ated  by  age.  In  Opercularia  herberina  we  have  the  most  marked  example 
of  flexibility  of  the  stem  among  rigid-stalked  genera. 

Apart  fi-om  the  movements  of  the  animaeules  dependent  on  their  pedicles, 
others  are  due  to  the  contraction  and  elongation  of  their  bodies,  and  to  the 
retraction  and  extension  of  theii'  rotary  apparatus.  In  the  instance  of  Vagi- 
nicola  (XXVII.  11),  of  Coihumia  (XXX.  12, 13, 14, 15),  and  of  Tintinnus, 
these,  indeed,  are  the  only  movements  of  which  those  genera  are  capable, — the 
external  sheath  constituting  of  itself  a  safe  house  of  defence  when  the  ani- 
malcule retreats  within  it,  and  thus  offering  a  compensatory  provision  in  lieu 
of  the  locomotive  power  of  the  freely- swimming  Ciliata,  or  of  the  actively- 
coihng  spiral  of  Vorticella.  On  the  other  hand,  when  not  in  retreat,  the  ani- 
malcule outstretches  itself,  and,  advancing  its  ciliated  delicate  head  beyond 
the  limit  of  the  case  (XXVII.  10,  11),  expands  its  ciliary  apparatus. 

The  animalcules  fi^ed  on  rigid  stems  appear  exposed  to  every  passing 
danger  without  defence ;  nature,  however,  has  furnished  them  with  a  firm 
resistant  integument  within  the  anterior  margin  or  peristom,  of  which  they 
can  completely  retract  the  dehcate  rotary  disc  and  ciliated  head.  However, 
they  are  not  positively  motionless ;  for  a  certain  latitude  of  motion  is  allowed 
them  by  theii'  mode  of  articulation,  and  by  the  annular  segmentation  of  the 
posterior  extremity  (XXVII.  16),  in  addition  to  the  possible  contraction  into 
an  ovoid  or  more  or  less  globidar  fig-ure.  In  Opercularia  berberiformis  the 
contraction  of  the  body  is  facilitated  by  the  transverse  rugae  which  normally 
exist, — whilst  in  Ophrydium  it  is  carried  so  far  that  the  elongated  figoire  be- 
comes oval,  and,  the  head  being  retracted,  the  animal  presents  itself  as  an 
inconsiderable  prominence  above  the  surface  of  the  gelatinous  mass  it  rests 
upon.  The  absence  of  a  protecting  sheath  in  this  genus  is  partly  compen- 
sated for,  further,  by  the  aggregation  of  the  Ophrydia,  since  the  globose  mass 
produced  is  of  itself  a  security,  and  is  rendered  still  more  so  by  its  revolving 
movements,  the  result  of  accidental  external  forces,  and,  we  may  suppose" 
also  by  the  activity  of  the  animals  projecting  from  its  surface. 

The  VorticelUna  and  Ophr^jdina  live  as  free  beings  for  a  certain  time  after 
their  production,  whether  by  fission  or  by  gemmation,  or  by  internal  gemis 
or  embijos.  In  the  case  of  the  products  by  gemmation  and  fissionT  this 
locomotive  power  is  due  to  the  temporary  formation  of  a  wi'eath  of  cilia  be- 
hind the  posterior  third  of  the  body,  as  mentioned  in  a  preceding  page  ;  and 
It  18  cunous  that  it  is  not  then  the  head  which  moves  in  advance,  but  the 
Wer  exti-omity,  by  which  attachment  is  to  be  presently  made.  There 
h.Z>?.r''r^^?*'"*^''  backward  progression;  for  by  it  the  animal  is 
fiTr^  \      ?^  "'i**'  object  to  which  it  can  aflix  itself,  and 

ira  auacnment  made  more  firm.  The  pai-t  to  be  attached  is  the  first  to  come 
mto  contact  with  the  supporting  medium  ;  and  whether  it  proceeds  to  secrete 
about  Itself  a  sheath  or  to  develope  a  peduncle,  it  finds  itself  rightly  placed 
without  any  revolution  of  the  body.  ^    ^  v 

u  2 
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Stetjcttjee  op  Pebicles. — The  intimate  structure  of  the  stem  of  the  Vor- 
ticellina  is  different  in  the  contractile  and  in  the  rigid  forms.  The  l^ghly- 
sensitive,  contractile,  simple  pedicle  of  the  genus  Vorticella  has  challenged 
especial  study.  It  is  evidently  a  compoimd  structure,  consisting  of  a  hollow 
tube  containing  a  cylindi-ical  band.  The  tube  is  a  portion  of  the  general 
integument,  and  continuous  with  it ;  in  diameter  it  is  uniform  throughout, 
except  at  its  point  of  junction  with  the  body,  where  it  undergoes  a  very  shght 
expansion.  Owing  to  the  excessive  rapidity  of  its  spiral  contraction,  this  act 
can  with  diflculty  be  observed,  except  after  the  addition  of  a  weak  solution 
of  corrosive  subHmate,  which  renders  it  so  much  slower  that  its  progress  may 
be  watched.  Ultimately,  indeed,  the  solution  kiUs  the  animal. 

The  contained  band,  or,  to  borrow  a  term  from  general  anatomy,  the  "  axis- 
cvHnder,"  does  not  fill  the  cavity  of  the  tube,  but  is  disposed  within  it  m  a 
loose  spiral  manner.  Opinion  has  been  much  divided  as  to  the  nature  ot 
this  structure.  Ehrenberg,  judging  from  its  active  contractility,  pronounced 
it  a  muscle,  and  went  so  far  as  to  represent  it  as  striated,  i.e.  as  beiongmg  to 
the  highest-developed  condition  of  muscular  tissue,  wHch,  however,  com- 
narative  anatomy  teaches  us  is  absent  in  the  lowest  classes  of  ammals.  Many 
other  writers  have  united  with  Ehrenberg  in  considering  the  band  muscular, 
and  some  few  also  sti-iated,  whilst  others,  again,  have  regarded  it  as  a  simple 
primitive  contractile  substance,  less  elevated  than  muscle  proper  ^  the  ^-anp 
of  tissues.  Indeed,  when  we  contemplate  the  contractility  exhibited  by 
certain  plants,  and  can  find  nothing  more  than  spiral  ves^sels  which  can 
be  concaved  the  seat  of  tHs  property,  we  are  forced  to  admit  that  muscular 
tissue  is  not  the  only  actively  contractHe  element  in  orgamzed  bodies. 

sTein,  after  remarking  that  the  histology  of  the  stem  in  VorUcelU 
Carchesium,  and  Zoothamnium  is  essentiaHy  similar,  proceeds  to  desmbe  the 
axis-cylinder  as  an  opaque,  soHd,  finely-granular  mass,  presentmg  dehcate 
lonitudinal  lines  or  stripes.     In  Vorticena  nehuhfem,  V.  ^onvfaria  J. 

Sa,  and  in  Carcnliurn  po^nu^n  (XXK.  9)  it  -tends  mto^he  body 
as  a  single  tapering  band  or  streak,  and  m  other  VorUcelhna  in  two  sucn 
SvergSg  Ln?  one  another,  as  remarked  by  Ehrenberg,  who  concluded  them 
to  be  S  muscular  cords.  When  the  stem  contracts  spiraHy,  ti'^nsvei-se  hnes 
or  stn^es  appear  in  the  axis-matter,  which  are  no  other  ^h^ss  folds,  n^^^ 
paraUel,  and  most  strongly  marked  on  the  concave  side  (XXX  10) '  they 
Lve  therefore  no  homology  with  the  transverse  stn^  ^'^^Z  ^^^Z 
eontractile  power  is  dependent  on  the  c^^tamed  axis-cyhnto  i^^^^^^^ 
the  facts,  that  where  this  is  deficient  at  any  part,  as  "^^^  ."^^'^''^j^^  . 
pens  in  ZootMmnmm,  that  portion  is  "g^^  'J" 't^^^^^^^ 

tCt  when  destroyed  by  maceration,  or  by  chemical  agents  the  stem  is  out 
stretched  and  remains  immoveable  ;  and  that,  as  is  not  seldom  seen  both  m 
SSottm  and  ZootMm.uun.,  this  axis-matter  may   ^om  ^^^^^^^^ 
more  parts,  without  the  external  sheath  being  injured:  the  ^ontra^bhtj  is 
destroyed,  Except  in  that  segment  wHch  is  stiU  in  continuous  ™7^th^^e 
body  of  the  aniLal ;  and  generally  the  pedicle  is  only  bo  ^r  and_so  long  con 
tractile  as  its  axis-cylinder  continues  its  unbroken  connexion  with  the  boay. 

"iTthougV  observes  Stein  (p.  80),  "these  phenomena  are  ^ J'^^^  f 
the  tSs-mltter  being  a  muscle,  yet  there  are  «tliei.  si«y  o^^^^ 
live  a-ainst  the  notion.    For  instance,  were  the  a^s  a  muscle,  ite  move 

Znld  cease  when  it  loosens  its  hold  fi-om  the  object  it  is  affixed 
r  but  tht  although  asserted  by  Eckhard,  does  not  happen ;  for  when 
t/  .  i/rSd^arc/resia  relax  their  hold  and  swim  freely  abou  with  their 
^''^'ItrLi  1 4  seen  to  actively  contract  in  their  usual  spira  manner, 
:lT;;Sly  taS  t^^  themseies.    In  lUce  manner  VorUcell.,  when 
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detached  from  their  stems,  alternately  contract  and  extend  their  bodies  ;  and 
yet  no  one  pretends  to  see  any  distinct  lines  or  bands  in  their  interior  to  be 
termed  muscles." 

Steia's  conclusion  therefore  is,  that  the  contained  substance  of  the  stalk  of 
the  contractilo  Vorticellina  is  not  muscular,  although  it  is  the  organ  through 
which  the  will  of  the  animal  is  exercised  over  the  pedicle.  Fiu'ther,  as  the 
action  of  chemical  reagents  upon  the  enclosing  tube  or  sheath  of  the  pedicle 
corresponds  with  their  action  upon  the  cuticle  of  the  body,  so  also  is  there  a 
similai-  correspondence,  in  chemical  relations,  between  the  axis-cyHnder  and 
the  internal  tissue  of  the  body. 

Czermak,  in  his  essay  on  the  stem  of  Vorticellce  (Zeitschr.  iv.  p.  442),  describes 
in  that  of  Carchesium  three  disting-uishable  structures: — 1,  the  hyahne 
coloui'less  sheath  ;  2,  a  yellowish  contained  fibre  or  band  ;  and  3,  a  finely- 
granular  fibre  lying  parallel  to  the  last  (XXX.  10).  These  three  portions  he 
terms  thi'ce  isotropous  hehcoids,  with  reference  to  their  spii'al  mode  of  con- 
traction. Eckhard  supposed  the  efiective  cause  of  the  contractility  to  consist 
in  the  constant  intimate  connexion  between  the  motions  of  the  stem  and 
those  of  the  body :  but  there  is  no  such  constant  connexion  ;  for  the  ciliary 
weath  may  be  retracted  frequently  without  any  contraction  of  the  pedicle. 
According  to  Czermak,  the  explanation  of  the  movements  is  to  be  found  in 
the  external  hyaline  fibre  or  tube  being  elastic,  and  tending  natiiraUy  to  keep 
the  stem  outsti-etched,  whilst  the  yellow  contained  filament  is  contractile, 
serving  to  throw  the  stem  into  folds, — the  one  consequently  antagonistic  to 
the  other.  To  the  third  or  granular  element,  he  is  disposed  to  attribute  only 
a  vegetative  fimction.  The  elastic  force  of  the  stem  is  constant,  whilst  the 
contractile  is  momentaiy  in  operation ;  the  result  of  this,  coupled  with  its 
tubular  structure,  afibrds  an  explanation  of  the  particular  spiral  mode  of 
contraction.  This,  Czermak  has  taken  much  pains  to  elucidate  by  reference 
to  physical  laws,  and  an  appeal  to  argimients  which  we  deem  unnecessary  to 
reproduce  here. 

More  recently,  the  idea  of  the  muscular  natiu'e  of  the  axis-cyUnder  of 
Vorticellce  has  been  revived  by  Lachmann  (qp.  cit.  p  229),  who  does  not 
hesitate  to  call  it  a  stem-muscle,  and  "  cannot  allow  any  value  to  Stein's 
objection,  that  it  stiU  contracts  even  when  the  stem  is  not  attached  to  another 
object ;  for  the  muscle  does  not  thus  loose  its  insertion,  as  it  is  attached  to  the 
sheath  of  the  stem  itself  by  its  hinder  extremity,  and  not  to  the  foreign  object." 
This  reply  to  the  objection  seems  perfectly  admissible,  although  for  our  part 
we  do  not  at  aU  perceive  the  necessity  of  regarding  the  axis-matter  as  muscle 
in  the  exact  sense  of  the  term,  even  if  it  is  in  function  homologous  with  that 
compoimd  tissue  of  higher  animals.  A  farther  statement  made  by  Lachmann 
is,  that  the  muscular  tissue  of  the  stem  extends  upwards  into  the  body  where 
it  joms  with  the  supposed  muscular  lamina  Lining  the  cortical  layer  ' 

The  manner  in  which  the  axis-cylinder  is  produced  and  disposed,' is  shown 
by  btem  to  afford  a  distinction  between  the  aUied  genera  CarcJiesmni  and 
Zoothamnium.  In  the  former,  each  branch  dcvclopes  its  own  canal  and  its 
own  central  substance,  so  that  neither  of  them  is  directiy  continuous  with  the 
canal  or  the  contractile  matter  of  those  portions  previously  formed  fXXX  9^  • 
m  Zoothammum,  on  the  contrary,  both  the  sheath  and  the  axis-cylindc'r  of 
the  stallc  arc  continuous  throughout  the  ramified  polypidom  (XIL  69).  It 
r.dpp  1        7';F''?'"^f'^^^',^^"*  portion  of  the  stem^  is  ofteniolid  ; 

Si  «o  J,^     1  ^"  '^"^'"'^  ^  ^^i^h  after  one  or  more  divisions 

this  same  solid  and  rigid  condition  is  seen.  Such  varieties,  as  Stein  points 
out  {op.  at.  p.  ^18)  arc  to  a  certain  extent  difficult  to  distinguish  from  species 
of  Epistyhs;  nevertheless  they  arc  never  so  rigid  as  the  latter,  but  admit  of 
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being  curved  and  arc  more  elastic,  and,  besides  all  this,  thoy  exhibit  trans- 
verse folds  or  constrictions,  of  different  depths,  which  are  rendered  still  more 
evident  when  the  animals  contract  and  shorten  themselves  upon  their  stems. 

The  rigid  stems  of  Opercularia  (XXX.  1)  and  Epistylis  (XXX.  11)  are 
solid,  without  internal  canal  and  contractile  matter ;  frequently  they  appear 
finely  striated  longitudinally,  and  in  several  species  (e.  g.  Operculana  articu- 
lata)  present  transverse  lines  (XXX.  1),  along  which  they  more  readily  fracture. 
These  last  are  commonly  described  as  articulations  or  joints ;  but  they  occur  at 
irregular  distances,  and  are,  even  iu  the  same  species,  neither  constant  in  num-  . 
ber,°in  distinctness,  nor  in  distribution,  and  are  consequently  worthless  m 

specific  descriptions.  t,  i.  v  •  -1,1 

The  substance  of  these  rigid  stems  is,  however,  not  uniform,  but  divisible 
into  a  cortical  layer  and  an  inner  or  meduUary  substance.  This  is  manifest  by 
the  fact  of  the  transverse  lines,  wHch  become  more  evident  durmg  the  limited 
undulating  movements  of  the  stem,  penetrating  only  through  its  cuticle  or 
coverino-.  "  On  the  addition  of  concentrated  sulphuric  acid,"  says  btem  (p. 
112)  "  the  pedicle  sweUs  up,  and  both  longitudinal  stiias  and  transveree  hues 
or  folds  vanish,  the  whole  mass  appearing  homogeneous  and  hyaline.  Tincture 
of  iodine  colom-s  it  yeUow  ;  but  sulphuric  acid  being  added,  it  is  again  rendered 

CoMPOTWD  Special  Oegans  oe  Locomotion  aito  Peehension.    Tke  Pebistom 

AND  EOTAET  OE  CiLIATED  DiSK.     ThE  SpIEALLT-COILED  HeAI)  OE  SpIEOCHONA 

—Before  entering  on  the  description  of  the  internal  orgamzation  of  the  Uihated 
Protozoa,  there  is  one  set  of  organs,  belonging  to  the  important  genera  Vorti- 
cellina  and  Oj>hrycUna  (Ehr.),  which  demands  our  attention  The  organs  m 
question  are  appurtenances  of  the  head,  and  consist  of  a  cihary  wi'eath  and 

a  retractile  ciliated  disk.  .    ,  ,       .  ,         j>  1.^    -v  <-^a  A;^\r 

Ehrenberg  appears  not  to  have  recognized  the  existence  of  the  coated  disk 
as  a  special  strtictui-e  ;  for  in  his  several  generic  descriptions  of  ^ortweUna 
and  02.hryclina,he  speaks  of  the  head  as  snnply  ^^^^ .nS  iSer 
cUia  more  prominent  at  one  part,  wHch  he  caUed  the  forehead,  and  inter- 
one  spot  by  a  sort  of  gap  where  the  oral  apertm-e  is  placed.  Stem  s 
SLches!however,^show  clearly  that  the  armatni-e  of  the  head,  m  most  of  the 
genera  of  those  fanilies,  is  much  more  complex.  The  excepted  genera  are 
Stentor,  Trichoclina,  Urocentrum,  and  Tintinnus,  which  are  m  fact,  not  true 
members  of  the  faiUy.  Stentor  furnishes  an  example  of  the  stmctuxe_  of 
Sit  weath,  presumed  by  Ehrenberg  to  belong  to  all  Vort^celUna  bemg 
?S  asingi;  Leof  cin{  Whe  penph^^^  f^^'^^^ 

has  besides  a  firm  coUar-like  ring,  within  which  is  a  circlet  of  stiff  uncini 

^™thegekL^FolLzkthe  apparatus  is  most  simple;  i^.is  sUghtly  more 
developed  in  Ophrydium  and  in  Vaginicola,  stiR  more  so  m  ^J9W<^/ ana 
Ist  of  aUin  oiercilariamiLagenoj^hrys;  lastlj,mSpirochona,  Oha^tosp^ra, 
Zd  Laaotia,  totaUy  exceptional  forms  occur.  When  exammed  closely, 
Lachmam  says  (A.  N.  H.  1857,  xix.  p.  118),  we  find  the  wi'eath  1^  a  spira^ 
ijacnmami  au^  o         _  '  o  •' ,         Jt  beerns  m  the  vicimty 

and  not  a  complete  circle  (XXIX.  1,  2,  6,  %  i)-  J-\r^X:^  . 
of  the  orifice  of  the  vestibule,  nms  above  it  towards  the  left,  and  roimd  tnc 
marghi  of  ?he  ciliary  disk;  but  before  it  again  reaches  it.  «tai-tmg-point 
??Ends  upon  the  stem  of  the  rotary  organ,  into  the  commencement  of 
tU  to  i^e  apparatus  {i.  ..the  vcstibidum).  .  .  .The  portion  of  he  cdiay 
sp wS  is  outside  the  vestibulum,  is  not  of  equal  length  m  f  Jj^'f  " 


OP  THE  PROTOZOA.  CILIATA. 


296 


Trichodina  (XXIX.  15,  17),  some  species  of  Epistylis,  &c.— it  scarcely  de- 
scribes more  than  one  circuit  roimd  the  disk,  whilst  in  Opercularia  articulata 
and  Epistylis  Jlavicans  it  rxuis  round  the  disk  thi-ee  times,  and  m  other  forms 
the  length  lies  between  these  two  extremes.  This  portion  consists  of  a  double 
row  of  cilia ;  those  of  the  outer  row  are  usually  somewhat  shorter  than  those 
of  the  inner,  and  inserted  upon  the  ciliaiy  disk  nearly  in  the  same  line,  but  at  a 
different  angle,  as  they  appear  to  be  far  more  strongly  bent  outwards.  In 
the  vestibulum  and  oesophagus  the  cilia  appear  to  stand  in  a  single  row. 
The  peristom  bears  no  cilia ;  those  represented  upon  it  by  Stein  belong  to  the 
outer  series  of  cilia  of  the  disk,  or  to  that  portion  of  the  spiral  which  descends, 
on  the  stem  of  the  rotatory  organ,  into  the  vestibulum.  The  latter  also, 
perhaps  in  conjunction  with  the  bristle  above  mentioned,  appear  to  have  been 
what  induced  Ehrenberg  to  suppose  the  existence  of  a  frilled  lower  lip  in 
Epistylis  nutans,  and  Stein  in  all  the  Opercularice. 

"  To  see  the  particulars  above  described,  it  is  peculiarly  advantageous  to 
observe  animals  which  have  died  during  expansion." 

In  Vorticella  (XXYII.  1,  2, 4  ;  XXIX.  1)  we  have  a  truncate  anterior  ex- 
tremity, the  margin  of  which,  i.  e.  the  peristom,  is  ciliated,  expanded,  and 
often  rather  roUed  outwards,  and  has  vdthin  and  rising  slightly  above  it  the 
rotary  or  ciliated  disk.  This  is  separated  by  a  fissure  from  the  peiistom 
(XXYII.  1,  2),  except  at  one  part,  where  the  two  are  continuous,  and  on 
examination  the  disk,  with  its  supporting  stem  narrowing  downwards  and 
outwards  obliquely  into  the  body,  appears  to  be  a  fold  reflected  from  the 
inner  margin  and  surface  of  the  peristom.  The  mouth  opens  at  the  bottom 
of  the  fissure  or  cavity  (the  vestibulum),  and  is  furnished  with  several  cilia. 
The  ciliated  disk  when  outstretched  is  elevated  a  little  above  the  peristom, 
but  can  be  retracted  and  covered  in  by  it  completely.  The  peristom,  like- 
wise, can  so  curve  itself  inwards  as  to  include  its  own  cilia  within  the  ring 
of  integnment  which  closes  over,  like  a  sphincter,  the  whole  ciliary  ap- 
paratus of  the  head.  The  rotary  disk  has  some  general  resemblance  to 
a  cork  or  plug,  which  can  be  drawn  inwards  by  the  animalcule  itself,  or 
pushed  outwards,  so  as  to  serve,  by  its  cUiated  margin,  to  produce  a  vortex  in 
the  fluid,  and  thereby  fulfil  the  purpose  of  a  prehensile  or  purveying  organ, 
in  addition  to  its  locomotive  power  when  the  Vorticella  is  free.  The  tapering 
basis  of  the  disk  ends  below  in  the  general  cavity  of  the  body,  and  is  held  in 
situ  by  its  retractor  fibres,  which  proceed  to  it  from  the  sides  of  the  animal- 
cule posteriorly.   Its  interior  is  continuous  with  the  general  cavity  of  the  body. 

The  unfolding  of  the  ciliaiy  apparatus  of  the  head  is  more  gradual  than  the 
retraction  ;  and,  so  to  speak,  the  animal  seems  to  feel  its  way  by  fii'st  everting 
a  portion  of  its  dehcate  peristom  (according  to  our  own  observation,  in  a  sinuous 
manner)  along  with  a  few  of  its  stronger  cUia,  before  expanding  the  rest. 

In  Ophrydium  (XXX.  5),  the  disk  is  rather  more  convex  on  its  surface, 
and  advances  somewhat  higher  above  the  peristom,  but  in  all  essential  parti- 
culars resembles  that  of  Vorticella.  On  the  retraction  of  the  disk,  the  peri- 
stom contracts  above  it  into  a  short  cylinder,  and  the  head  swells  out  in  a 
globose  manner  (XXX.  6).  Between  Ophrijdium  and  Vaginicola  (XXVII. 
11)  there  is  a  close  resemblance  in  the  conformation  of  the  ciHated  organs, 
except  that,  m  the  latter,  the  act  of  retraction  agrees  rather  with  that  of 
vorttcella  than  with  Ophrydium. 

t^}^  t^'uncated,  thickened,  somewhat  everted  peristom,  fringed  with  cilia 
(this  Lachmann  denies,  see  above),  belongs  to  Epistylis  (XXX.  11)  as  well  as 
to  the  above-named  genera,  and  to  Carchesiwn  (XXX.  9)  and  Zoothamnmm. 
It  ha,s  also  a  simUar  rotaiy  disk,  only  rather  more  developed,  and  its  stem 
short  and  thick. 
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In  Opercularia,  on  the  contrary,  the  peristom  is  neither  ciliated,  expanded, 
nor  everted  in  a  campanulate  manner,  but,  by  the  tapering  of  the  anterior 
third  of  the  body,  is  narrow  (XXX.  1,  37),  and  frequently  thrown  into  longi- 
tudinal rugse,  and  withal  simply  trancate.     Further,  the  disk  has  a  fiat 
surface,  and  is  supported  on  a  long  stem  which  tapers  internally  to  a  fine 
extremity  ;  and  the  whole  organ  assiimes  a  trumpet-like  figure  (XXX.  1  a, 
2  a,  d).     Moreover,  instead  of  an  infundibuliform  fissure  conducting  to  an 
orai  aperture  or  entrance  to  the  alimentary  canal,  there  is  a  wide  throat  or 
pharynx,  occupying  almost  the  whole  diameter  of  the  peristom,  having  its 
border  extended  upwards  in  the  form  of  a  free  edge  (XXX.  2,  3),  which 
Stein  calls  an  under  iip,  in  contradistinction  to  the  rotary  disk,  which  Ehren- 
berg  represented  to  be  a  forehead  and  upper  lip. 

The  tapering  stem  of  the  disk  bounds  one  side  (the  upper)  of  the  pharynx, 
and  by  its  narrow  extremity  communicates  with  the  general  cavity  of  the 
body.  The  flat  disk  itseK  is  surrounded  by  two  or  three  concentric  rows  of 
long  cilia  and  when  dravra  inwai'ds  suffices,  with  Httle  aid  from  the  constric- 
tion of  the  peristom,  to  close  that  opening.  When,  however,  contraction  is 
more  forcible  and  complete,  this  process  is  entirely  retracted,  and  the  penstoni 
closed  above  it  (XXX.  37).  Wlien  in  this  condition— and  this  is  true  also  of 
the  other  alHed  genera,— the  only  indication,  as  before  mentioned,  of  the 
ciliary  apparatus  of  the  head  is  an  irregularly-shaped  streak  or  space,  in 
which  ciHa  may  still  be  discerned.  This  ii-regular  space  is  nothmg  more 
than  the  remnant  of  the  pharyngeal  cavity  not  occupied  by  the  retracted 

O'rthe  retraction  of  the  rotary  disk  a  portion  of  its  contents  is  transfei-red 
from  the  expanded  free  extremity  into  its  stem,  the  qua-ntity  so  removed  being 
in  dii-ect  ratio  with  the  degree  of  contraction  ;  when  th^  is  considerable  the 
trumpet-like  process  appears  like  a  mere  mtemal  lobe  (XXX.  3/  b,  h). 

In  Laqenophrys  the  peristom  is  peculiai'  in  bemg  afflierent  to  the  narrow 
two-lipped  Aperture  of  the  sheath;  the  diameter  of  the  two  orifices  is 
consequently  equal.    From  the  Pfstom  a  long  t^^^^  ^'^^^ 
proiects,  similar  to  that  of  Oj^erculana  (XXX.  29,  6Z,  66,  6^). 
^  The  most  singular  conformation  of  the  head  occurs  m  a  new  member  of 
the  Vorticemna,  described  and  figured  in  Stein's  adnm-able  monograph  (p.  205) 
under  the  name  of  Spirochona  (XXX.  17,  27, 28)     In  this  the  ordinary  struc- 
ture of  the  head  is  entirely  departed  fi'om ;  and  we  have  in  its  place  a  con- 
voluted spii^al  membrane  or  lameHa,  roHed  inwards  around  a  sohd  central 
Ixis,  foming  a  sort  of  exaggeration  of  the  single  spii-al  yeath  of  Stentor. 
InMl-grown  specimens  oi  Spiv,  gemmipara,  two  complete  circuits  (XXA. 
l?)TeWde  by  the  lameUa,  each  of  which  is  morphologicaUy  the  same  aB 
Jhe  Sliated  peristom  expanded  and  flattened  out.    The  sui-facc  is  clothed 
^th  cilia ;  and  at  its  termination  in  the  body,  near  the  a^s  of  the  spiral,  is 
^aced  the  mouth,  into  which  foreign  substances  are  rapidly  transmitted  by 

the  action  of  the  cilia.  ,  .       .  ,   

■  Among  the  several  members  of  the  families  passed  in  review  have  seen 
a  cfiTdef  able  range  in  the  complexity  of  the  ciUaiy  weath  ;  and  on  extending 
oiiTxam^ation  to  other  genera,  intermediate  gradations  m  s  ructore  may 
rdisSveS  Thus,  through  the  simple  spii-ally-ciirved  wreath  of  St.ntor 
/ixiX  7)' we  have  a  connecting  Hnk  between  VorticeUa,  on  the  one  hand  and 
i^al  genera,  of  wHch,  in  respect  of  the  ciHary  armatui-e  of  the  head, 
7Hchoclina  may  be  t-aken  as  «ie  ^^Pf  f^tativo  ,  .  ^  ^  i857  xix  ) 

^:;:£S^r^  tuy  than  onl  of  the  T^orticelU,^.    The  anterior 
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portion  of  the  body  is  much  elongated,  and  supi^orts  a  ciliated  process,  when 
fully  extended,  straight  and  of  a  sword-shaped  figure,  fringed  along  one  side 
and  at  the  end  with  cilia  (XXIX.  5)  ;  but  when  in  active  vibration  and  twirl- 
ing the  animalcule  onward  in  a  spiral  manner,  the  greater  part  of  this  ciliated 
process  becomes  curved  like  a  siclde  (XXIX.  6). 

Another  bizarre  form  of  ciliary  apparatus  is  exhibited  by  the  genus  Lagotia, 
described  by  Dr.  StrethiU  Wright  as  a  member  of  the  family  Ophryclina. 
The  head  of  this  animal  protrudes  a  pau-  of  hom-Iike  divergent  processes, 
fiinged  around  with  cilia,  flat  or  folded  longitudinally,  and  straight  or  recurved 
at  the  extremities.  These  cihated  appendages,  together  with  the  elongated 
body  they  surmount,  enjoy  a  very  great  latitude  of  motion  by  alternate  con- 
traction and  extension,  and  by  curving  and  twisting  in  different  directions. 
The  mouth  lies  iu  the  angle  between  the  processes.  The  whole  being  may  be 
said  to  stand  in  a  position,  Avith  regard  to  the  rest  of  the  Vorticellina  and 
Ophryclina,  similar  to  that  of  Stephawceros  to  the  other  Rotatoria. 

INTEENAL  OEGA^TIZATION  OF  THE  CILIATED  PROTOZOA. 

SuBTEGUMENTAET  LATEK'j  Chlohophtll  ;  T HEE AD- CELLS ;  Mtjscles. — Sub- 
jacent to  the  cuticle  is  a  layer  of  granules  and  small  globules,  which  is 
often  spoken  of  as  a  second  lamina,  just  as  the  cutis  vera  in  higher  animals 
is  of  the  cuticle.  Its  thickness  is  considerable  ;  it  is  hyaliae,  and  more  con- 
sistent than  the  contents,  and,  although  homogeneous  itself,  contains  a  multi- 
tude of  granules,  and,  at  least  in  several  genera  (e.  g.  Paramecium,  OpTirydium, 
Nassula),  munerous  chlorophyll- vesicles,  often  so  thickly  disposed  as  to  impart 
a  lighter  or  deeper  green  colom-  to  the  animal  (XXIX.  28).  In  young,  and 
also  in  very  old,  specimens  this  colouring-matter  is  wanting,  and  only  colour- 
less granules  with  a  dark  outline,  resembling  small  fat-particles,  present. 

In  Mr.  Carter's  ptraseology  this  cortical  lamina  bears  the  name  of  the 
"  diaphane,"  and  is  said  to  lie  beneath  the  "  pellicula,"  but  not  to  be  secreted 
from  it.  The  property  of  contractility  resides  in  it,  whence  it  becomes  so 
far  analogous  to  the  muscle  or  flesh  of  animals,  that  to  it  the  term  '  sarcode  ' 
may  most  appropriately  be  applied.  Dujardin,  however,  who  fii-st  employed 
this  term,  did  so  to  designate  the  entire  component  organic  mass  of  Protozoa  ; 
but  as  later  observers  seem  to  make  out  the  presence  of  a  somewhat  dis- 
similar substance,  of  a  much  looser  and  more  mucilaginous  consistence,  siu-- 
rounded  by  the  contractile  layer  in  question — in  other  words,  within  the 
so-called  abdominal  cavity— we  feel  quite  justified  in  limiting  its  signification 
as  we  have  done. 

That  the  cortical  layer  alone  is  contractile,  Lachmann  considers  {A.  N.  H. 
1857,  xix.  p.  126)  to  be  shown  by  the  fact,  that  "  in  torn  Infusoria  fragments 
of  it  not  unfrequently  contract,  whilst  the  internal  mass,  the  '  chyme  '  which 
flows  out,  never  does  so."  Its  contractions  effect  the  various  alterations  in 
the  fagiiro  of  ammalcules,  whilst  by  its  greater  consistence  compared  with  the 
abdominal  contents,  and  its  fixity  as  a  layer  subjacent  to  the  cuticle,  it  affords 
a  surface,  and  even  a  mdus,  for  the  attachment  of  the  nucleus  and  contractile 
vesicle,  which  it  therefore  serves  to  retain  in  situ,  notwithstanding  the 
opposmg  forces  of  the  circulatory  current  and  of  particles  of  food  propeUed 
against  them  (see  section  on  Circulation).  To  demonstrate  this  quiescent 
cortical  lamina  and  the  inner  moving  sti-atum  also,  chromic  acid  affords  the 
most  effective  means. 

The  cavity  enclosed  by  the  cuticle  and  subjacent  cortical  lamina  is  occupied 
by  an  almost  fluid  matter,  for  which  the  term  "  abdominal  mucus  "  is  suggested 
by  Carter,  and  that  of  "  chyme  "  by  Lachmann,  the  former  wo  esteem  the 
better,  although  it  imperfectly  represents  the  actual  state  of  things ;  for  in 
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these  central  almost  fluid  contents,  two  portions  are  distinguisliable-K)ne 
occimiag  as  a  stream  moving  around  the  animalcule,  within  and  upon  the 
cortical  lamina,  the  other  as  a  thinner  central  medium,  apparently  quiescent 
and  in  dii-ect  communication  with  the  surrounding  water  through  the  channel 
of  the  alimentary  tube  and  mouth.    To  the  first  only  of  these  two  portions 
Lachmann'8  term  '  chyme  '  is  rightly  apphcable,  since  it  no  doubt  represents 
the  nutritive  material  drawn  from  the  alimentary  matters  swallowed,  and  to 
the  elaboration  of  wHch  the  watery  fluid  of  the  centre  most  likely  contributes. 
Both  portions  contain  food-vesicles,  granules,  and  molecules ;  but  the  former 
possesses  them  in  much  greater  abundance.    When  an  animalcule  dies,  the 
central  contents  are  the  first  to  escape,  streaming  forth  from  the  mouth  as  a 
diffluent  film  with  granules  and  molecules  imbedded  in  it ;  a  similar  discharge 
and  "  diffluence  "  also  ensue  when  the  protecting  envelopes  are  torn  through, 
and  the  more  so  when  some  pressure  is  at  the  same  time  exerted.  _ 

The  following  quotation  from  Lachmann  elucidates  very  weU  several  pomts 
concerning  the  contents  of  the  body  in  general.  "  When/'  he  writes  (op.  cit. 
T)  126^  "an  Infusorium  is  sucked  out  by  an  Acmeta,  the  cortical  layer  or 
mrenchyma  of  the  body  may  often  contract  for  a  long  time  and  the  con- 
tractile vesicle  placed  in  it  may  also  continue  its  contractions  for  hours ;  nay 
I  have  observed    StylonycUa,  although  a  considerable  part  of  its 

iyme  had  been  sucked  out  of  it  by  an  Aci.^eta,  st^  ^-d™^,  ^^J^ 
that  one  of  the  gemmules  of  division  swam  away  from  it  bnskly,  and  only 
the  other  haK  of  the  old  animal  was  destroyed.    This  appears  also  to  a  cer- 
tabi  extent  to  prove  that  the  mass  sucked  out  does  not  represent  the  true 
prenchyma  of  L  body  ;  and  as  it  only  fiUs  the  large  ^^^^[^^^^^7^^^ 
the  form  of  a  tenacious  fluid  mass,  and  becomes  mixed  with  the  nutritive 
matters  especiaUy  when  no  small  masses  are  formed,  it  is  certainly  the  most 
S^S'corse  t7relard  it  as  chyme.    It  cannot  be  ui-ged  against  this  view, 
thaUn  tCe  Infusofia  wHeh  contain  chlorophyU-corpuscles  m  the  substance 
of  their  bodies,  we  sometimes  meet  with  single  corpuscles  in  the  rotafang 
mass  as  they  may  certainly  be  easily  loosened  from  the  pai-enchyma,  and 
Zs  get  into  the  chyme-mass.    The  nucleus,  indeed,  projects  into  the  chyme- 
m^ss    iTas  a  geW  rule  it  appears  to  be  afiixed  to  the  parenchyma  of 
Te  b'odv  as  we  do  not  see  it  rotate  with  the  chyme-mass  •  m  Oim-cularia 
Mlt!a  StekL  sometimes  saw  the  nucleus  moved  a  little  out  of  its  previous 
pos  Sn  by  a  mass  of  food  striking  against  it;  but  as  i  soon  retoned  again 
Tits  posLn,  this  rather  speaks  for  than  against  its  attachnient. 

Imbedded  ^kthin  the  cortical  layer  a  coUection  of  remarkable  structures  is 
disc^verab  e  in  many  species-for  instance  in  Parameo^u.n,  Op^'W^-^ 
B„ia-known  under  the  name  of  thread-cells  or  tnchocysts  (XXXI.  1-4) 
nTe  indXted  to  Prof.  Allman  for  the  minute  and  complete  exammation  of 
We  aie  "^debtea  to  J^^i- ^  „^      ^  it  was  these  structures 

l"e":^5om:  tZ^ e„;y  ..nd  want  or  colcu-  .cndor  the.  mv,* 
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against  the  opaque  background,  and  it  becomes  necessary  to  crash  the 
animalcule  beneath  the  covering  glass,  so  as  to  press  out  the  green  globules 
which  it  contains,  iu  order  to  bring  the  fusiform  bodies  into  view.  To  these 
bodies  I  propose  to  give  the  name  of  trichocysts. 

"  As  long  as  the  animalcule  contiaues  free  from  annoyance,  the  trichocysts 
imdergo  no  change  ;  but  when  subjected  to  external  u-ritation,  as  occurs  dming 
the  di-ying  away  of  the  suiTOunding  water,  or  the  application  of  acetic  acid 
or  other  chemical  irritant,  or  the  too  forcible  action  of  the  compressor,  they 
become  suddenly  transformed  iato  long  filaments,  which  are  projected  from 
aU  parts  of  the  surface  of  the  animalcule ;  and  it  is  these  filaments  which, 
being  mistaken  for  cUia  by  Cohn  and  Stein,  gave  rise  to  the  erroneous  views 
just  mentioned. 

"  The  rapidity  with  which  this  remarkable  change  is  effected,  joined  with 
the  great  minuteness  and  transparency  of  the  object,  renders  it  extremely 
difficult  to  follow  it ;  and  for  a  long  time  I  could  only  satisfy  myself  of  the 
fact  that  the  fusiform  bodies  were  suddenly  replaced  by  the  projected  fila- 
ments. After  continued  observation,  however,  I  at  last  succeeded  in  wit- 
nessing the  principal  steps  in  the  evolution  of  the  filament. 

"  It  is  not  difficult,  by  rapidly  crushing  the  animalcule,  to  force  out  some 
of  the  trichocysts  in  an  unchanged  state.  If  the  eye  be  now  fixed  on  one  of 
the  isolated  trichocysts,  it  will  most  probably  be  seen  after  the  lapse  of  a  few 
seconds  to  become  all  at  once  changed  with  a  peculiar  jerk,  as  if  by  the  sudden 
release  of  some  previous  state  of  tension,  into  a  little  spherical  body.  In  this 
condition  it  will  probably  remain  for  two  or  three  seconds  longer,  and  then  a 
spiral  filament  vsdll  become  rapidly  evolved  from  the  sphere,  apparently  by 
the  rupture  of  a  membrane  which  had  previously  confined  it,  the  filament 
unrolling  itself  so  quickly  that  the  eye  can  scarcely  foUow  it,  until  it  ulti- 
mately hes  straight  and  rigid  on  the  field  of  the  microscope,  looking  like  a 
very  fine  and  long  acicular  crystal, 

"  This  remarkable  body,  when  completely  evolved,  consists  of  two  portions 
— a  rigid  spiculum-like  portion  acutely  pointed  at  one  end,  and  continuous 
at  the  opposite  end  with  the  second  portion,  which  is  in  the  form  of  an  ex- 
cessively fine  filiform  appendage  less  than  half  the  length  of  the  spiculiun  : 
this  second  portion  is  generally  seen  to  be  bent  at  an  angle  on  the  fii'st,  and 
is  frequently  more  or  less  curved  at  the  free  end.  The  form  of  the  evolved 
trichocysts  is  best  observed  in  such  as  have  floated  away  towards  the  margin 
of  the  drop  of  water,  and  are  there  left  di-y  by  the  evaporated  fluid.  In 
many  of  them  the  filiform  appendage  was  not  visible ;  and  they  then  merely 
presented  the  appearance  of  a  simjjle,  long,  fusiform  spiculum. 

"  The  resemblance  of  the  organs  now  described,  to  the  weU-known  thi-ead- 
celLs  of  the  Polypes  and  of  certain  other  lower  members  of  the  animal  king- 
dom, IS  obvious.  That  they  are  entii'ely  homologous,  however,  mth  these 
bodies  we  can  scai'cely  yet  assert.  Their  origm,  at  least,  appears  to  be 
different ;  for,  if  we  admit  the  uniceUular  stracture  of  the  Infusoria,  we  have 
the^  trichocysts  apparently  developed  in  the  substance  of  the  cell-wall,  instead 
of  being  produced  m  special  cells,  as  we  know  to  be  the  case  Avith  the  thread- 
eeUs  ot  the  Polypes." 

These  stractm-es  have  also  arrested  the  attention  of  Oscar  Schmidt, 
Lcuckart,  and  Lachmann.  The  second-named  observer  surmised  tliem  to 
be  "  poison  organs ;  "  and  very  probably  they  have  a  defensive  purpose,  for  this 
is  suggested  both  by  Allraan's  history  of  them,  and  by  Lachraann's  observa- 
tions (ojj.  cit.  p.  126,  m  foot-note)  "of  simUar,  but  much  thicker  corpuscles, 
which  presented  a  deceptive  resemblance  to  the  urticatiug  organs  of  the 
tampanukmcv.,  m  an  animal  Uving  as  a  parasite  "  upon  individuals  of  that 
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family  of  Polypes,  and  "  wMch  is  probably  to  be  referred  to  the  Adnetim .... 
In  the  oval  embryos,  ciliated  on  one  side,  which  were  squeezed  out  of  the  body 
of  the  mother,  we  were  enabled  to  convince  oimelves  that  these  cor[)uscles 
were  enclosed,' from  two  to  nine  together,  in  a  roundish  proper  vesicle  "  (ceU). 

Muscles.  Ehi-enberg  presumed  the  existence  of  internal  muscles,  to  ex- 
plain the  varied  and  active  movements  of  the  Ciliata,— a  presumption  required 
by  his  hypothesis  of  the  repetition  of  the  organization  of  higher  animals  m  all 
lower  forms,  but  entirely  unwarranted  by  analogy.  Dujardin  considered  the 
whole  buUc  of  the  body  to  be  composed  of  '  sarcode,'  having  an  inherent  con- 
tractility and  the  source  of  all  the  movements.  Little  doubt  can  exist  that 
the  cortical  lamina  is  the  seat  of  contractility,— not  that  it  is  muscular  on  this 
account,  but  that,  as  animal  tissue  in  its  simplest  condition,  it  possesses  the 
property  of  contractility  as  one  of  the  characteristics  of  such  tissue,  along 
with  others,  such  as  sensibiHty,  aH  which,  in  highly-organized  ammals,  have 
severally  their  special  structure  elaborated  for  their  more  complete  operation 
and  independent  action.  In  short,  in  the  language  of  physiologists,  the 
tissues  in  more  perfect  animals  are  differentiated,  in  the  lowest  are  not  so 

This  physiological  fact  being  admitted,  the  existence  of  nerve-fibres  and  ot 
nervous  centres,  or  ganglions,  can  be  no  more  than  imaginary     The  same 
foUows  of  the  supposed  organ  of  sense,  the  so-caUed  eye  of  GUnoclinmm 
which  many  have  concluded  to  be  homologous  with  the  coloui'ed  specks  of 
Protozoa,  of  Euglena,  and  the  like.    Lieberkiihn's  observations  would  lead 
however,  to  the  conclusion  that  the  eye-speck  of  Op/iryoc/Zena  nghtly  deserved 
that  epithet,  and  is  something  more  than  a  pigment-spot.    His  account  ot  it 
runs  thus  (A.  N.  H.  1856,  xviii.  p.  321) Close  by  the  oral  sht,  on  its 
concave  side,  Ues  the  pigment-spot.    Its  form  is  extremely  iiTCgular,  some- 
times globular,  sometimes  ellipsoidal,  in  many  cases  toothed.    Ordinarily  it 
is  so  chstinct  as  to  be  at  once  perceived;  sometimes,  however,  it  is  so  smaU 
that  it  can  only  be  detected  by  close  examination.    In  animalcules  filled  wilh 
strongly-refracting  substances  alone,  it  is  always  difficult  to  discover  it.  The 
pigment-spot  of  Ophryoglena  atra  has,  on  the  whole,  more  unifoi-mity  of  form 
and  magnitude.    If  we  squeeze  down  an  Ophryoglena  fiavicam  between  the 
covermi  glass  and  the  slider,  we  find  that  the  pigment-spot  is  composed  of  a 
heap  of  minute,  scarcely  measurable  granules,  strongly  refracting  hght  1 
never  could  discover  a  lens  in  the  pigment.    AU  the  specimens  examined  by 
me  possessed  but  a  single  pigment-spot._   Beside  tins  l^^.^/J^^f 
Siobserved  structui-e,  the  form  of  which  is  perfectly  described  when  we  caU  it 
Twatch-glass  on  a  smaU  scale.    This  watch-glass-hke  organ  is  tra^P^t 
and  coloiuless,  and  shows  no  trace  of  fibrous  or  any  other  stnictm-e.  The 
circular  base  has  a  diameter  of  about  ^i^th  of  a  milhmetre  ;  its  depth 
ami  to  about  a  third  part  of  this  diameter;  the  convexity  is  very  con- 
sSerX.     The  watch-glass-shaped  organ  usuaUy  turns  its  convex  side 
towT  he  pigment-spot ;  its  concave  side  is  directed  towaa-ds  the  pom  of 
thlhead;  it  does  not  seem  to  be  moveable  by  the  ammalcule.  When  isolated 
t  withstands  the  action  of  water  for  a  longer  time  than  is  usuaUy  the  case 
with  the  other  parts  of  the  body  of  this  Infusorium.    After  Ijong  some  time 
^  water  it  sweUs  up  in  some  degree,  and  fi-equently  becomes  perforated  by 
Thole  ii  the  middle    The  presence  of  the  watch-glass-shaped  organ  is  not 
Lpend^nt  on  the  presence  of  a  pigment-spot ;  for  Opl^yogT^na  atra  possesses 
f  pSnent-spot,  but  no  watch-glass-shaped  organ,  while  Bur^ana  has 
Kwl2s-8haped  organ,  but  no  pigment-spot.    In  other  Infusona  ^yith 
IZ  lltZ^^^^^  P.nvL,-«.«,  I  have  sought  in  vain  for  this 

vlT    I  have  not  met  mth  any  facts  tlirowiug  Ught  on  its  function. 
"^dLsSt  in  the  interior  of  the  Ciliated  Protozoa  there  is  not  an 
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actual  homogeneity  of  tissue.  The  act  of  differentiation  is  carried  so  far  that 
certain  distinct  organs  and  parts  become  distinguishable.  Thus  there  is  a 
mouth  or  oral  oiifice  for  the  entrance  of  food,  succeeded  by  a  dilated  cavity — 
an  oesophagus  or  phaiynx,  which  is  contracted  posteriorly  into  a  tubular 
prolongation  of  various  length,  homologous  with  a  digestive  or  alimentary 
tube.  Apart  from  this  radimentary  alimentary  apparatus,  numerous  globular 
or  vesicular  spaces  containing  granular  particles  or  objects  evidently  swallowed, 
are  met  with  in  the  general  loose  contents  of  the  body ;  these  were  the  di- 
gestive sacs,  or  stomach-vesicles,  so  much  insisted  upon  by  Ehrenberg ;  other 
included  organs  are  the  contractile  vesicle,  a  certain  striated  cylindrical  organ 
in  one  or  two  genera  described  by  Ehrenberg  as  a  dental  cylinder  or  teeth, 
the  nucleus  with  usually  its  nucleolus,  the  red  speck  (eye)  in  Opliryoglena, 
and  in  one  genus  a  pair  of  organs  imagined  by  Stein  to  be  glandular.  To 
these  contents  Carter  adds  spermatozoida,  and  Perty  internal  germs  or  ovules. 

"We  have  already  mentioned  chlorophyll-corpuscles  in  some  genera,  and 
the  general  prevalence  of  fat-vesicles  and  granules  interspersed  within  the 
substance  of  the  body,  or  collected  into  a  layer  as  in  several  of  the  Vorti- 
cellina ;  the  collection  of  fat-corpuscles  is  remarkable  in  the  conti'acted  portion 
or  base  above  the  point  of  attachment,  whether  this  be  by  a  pedicle  or  not. 
"  Perhaps,"  he  adds,  "  the  transverse  annulations  which  are  e:!diibited  by  the 
bodies  of  some  VorticelUna  are  to  be  attributed  to  muscular  fibres ;  at  all 
events  they  do  not  belong  to  the  skin,  but  to  the  parenchyma  (i.  e.  the  cor- 
tical lamina)  of  the  body." 

Lately,  Lachmann  has  broached  the  hypothesis  that  an  actual  muscular  stra- 
tum hes  within  the  cortical  layer.  He  writes  (A.  N.  H.  1857,  xix. p. 228) — "I 
was  so  fortunate,  iu  common  with  my  fiiend  Claparede,  as  to  observe  an  indu- 
bitable separate  contractile  layer,  in  which  longitudinal  strias  were  generally 
to  be  detected  ia  various  VorticelUna,  in  which  Ehrenberg  states  that  he  saw 
muscular  striae  at  the  posterior  extremity.  It  forms  a  hollow  cone,  the  apex  of 
which  is  situated  in  the  hinder  extremity  of  the  animal,  and,  in  the  contrac- 
tile-stemmed species,  is  produced  into  the  muscle  of  the  stem  :  in  its  apparent 
section  it  of  course  appears  like  two  small  fibres  separating  from  each  other 
like  a  fork — as  which,  indeed,  it  has  hitherto  been  always  regarded,  except 
by  Ehrenberg.  This  layer  is  very  beautiPiilly  seen  in  Epistylis  pUcaiilis,  in 
which  we  may  most  completely  convince  ourselves  that  it  is  a  special  stratum, 
which  possesses  contractility.  In  Epistylis  plicatilis,  namely,  during  the  con- 
traction of  this  stratum,  the  non-contractile  part  of  the  parenchyma  which 
surrounds  it,  with  the  skin  covering  it,  separates  from  the  contractile  layer, 
and  forms  the  well-known  folds,  whilst  the  contractile  or  muscular  layer  be- 
comes shortened  and  thickened  without  folding." 

Oegans  of  Digestion,  Kxtthition,  and  Seceetion.— To  take  the  several  pai'ts 
or  organs  m  succession,  we  wiU  first  consider  those  concerned  in  the  processes 
ot  digestion  and  nutrition,  beginning  with  the  oral  orifice  or  mouth.  This  is 
variously  situated  in  different  Cihata,  its  position  having  reference  to  the  figiu-e 
and  the  mode  of  life,  and  being  generally  inchcated  by  the  particular  provi- 
sion made  to  secure  a  proper  current  of  water  into  it,  such  as  a  tuft,  a  curved 
row,  or  a  circlet  of  larger  ciha,  a  process  or  a  depression  of  the  body,  the  axis 
of  a  convolution  of  the  surface,  and  the  lilce.  Thus  in  Lacrymana' Emhelys, 
Frorodon  Coleps,  &c.,  it  is  at  the  anterior  narrower  extremity;  in  Trachelius 
and  AmpMeptus  it  has  a  similar  position,  but  is  besides  under  cover  of  a 
process  of  the  body.  In  Ohilodon  a  stiU  larger  segment  surmounts  it;  in 
Nassula  Paramecium  (XXIX.  28),  and  in  Pleuronema  (Duj.)  it  is  lateral; 
and  lastly  among  the  VorticelUna  it  is  within  an  involution  of  the  integu- 
ment ot  the  head,  caUed  the  '  vestibulum,'  on  one  side  of  the  ciliated  disk 
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(XXX.  1,  2).    The  opening  of  this  vestibule  or  ante-room  to  the  entrance  of 
the  dio'estive'tube,  i.  e.  the  mouth,  should  not  be  confounded  with  the  latter, 
as  often  has  been  done.    A  funnel-Kke  hollow  having  the  true  oral  apertui-e 
at  its  bottom,  is  met  with  in  Parameciwm,  and  may  have  the  same  appellation 
extended  to  it.   Among  the  processes  about  the  mouth  facUitatiag  the  inglu- 
tition  of  food,  we  have  just  aUuded  to  the  wreaths,  rows,  and  tufts  of  cilia, 
mostly  lai-ge  and  strong  like  bristles,  and  to  special  developments  of  the  sur- 
face of  the  body.    Several  species  possess  a  tuft  of  cUia  almost  mdistmguish- 
able  from  a  plaited  membrane  ;  for  instance,  Colpoda  Cucullus  (XXIX.  3/) 
and  OUlodon  Cucullulus  have  what  Ehrenberg  called  a  tongue,  but  which,  as 
we  have  seen,  Stein  has  resolved  into  a  tHck  pencil  of  ciliary  bnstles.  A 
simHar  structure  prevaUs  in  Pleuronema  and  Ahjscum  (Duj.),  in  Cyclidxwn 
and  ApTithonia  (Perty).    In  Glaucoma  (XXVIII.  4)  ani  Gydidium  marga- 
ritaceum,  "  the  margins  of  the  buccal  orifice  appear,"  says  Lachmann  (op.  at 
V  216)  "  to  be  produced  into  two  valves  which  are  m  constant  motion.  A 
special  cui-ved  or  spii^ally-tumed  row  of  cilia  directs  a  cun-ent  mto  the  mouth 
ii  Stentor,  Spirostomum,  Bursaria,  GJia^tospira  (XXIX.  5,  6),  Oxytrifmui, 
Ewplotes,  and  Aspidischia,  and  a  nearly  straight  row  in  CJnlodon  and  Colpoda. 
In  Coleps,  Trachelius,  Enchehjs,  and  Trachelocerca,  the  mouth  opens  imme- 
diately upon  the  surface  without  any  conducting  ciHary  chamiel  and  is  sur- 
rounded by  a  simple  circle  of  cilia.  The  mouth  is  protnisible  m  Prorodon  and 
Nassula  (XXYIII.  8,  65),  and  not  distinguished  by  any  special  external  array 
of  cilia    In  the  true  Vorticellina  and  in  the  Ophrydma,  as  above  mentioned, 
the  complex  ciliaiy  apparatus  directs  the  current  into  a  cavity,  the  vestibu- 
lum  common  to  both  the  mouth  and  anus;  and  lastly,  m  Parameaum  the 
S  are  uniform  at  all  parts,  and  the  course  of  food  to  the  mouth  provided 
for  by  a  wide  and  deep  tapering  channel.    In  size  the  mouth  varies  both  m 
different  genera  and  in  relation  to  the  dimensions  of  the  animals ;  but  m  aU  it 
Tmore  or  less  extensHe,  so  that  foreign  parotides  or  f^f^.^^f^^^ZT 
engulfed  within  it  even  when  theh^  diameter  equds  that  bo^y^«- 

The  oral  aperture  opens  below  into  a  rudimentary  digestive  tube  (^Vii. 
1   10  n    XXIX.  4    XXX.  1,  11,  29),  formed  by  an  mvolution  of  the  ex- 
ternal integument.    It  is  commonly  a  funnel-shaped  space  which  for  the 
saS  of  a  name,  may  be  called  the  pharynx  or  digestive  tube;  within  this, 
afd  especiaUy  near  its  entrance,  a  few  vibratile  cilia  are  mostly  seen,  sermig 
bv  their  action  to  accelerate  the  onward  transmission  of  the  particles  of  food. 
tL  waUs  of  tHs  cavity  are  formed  by  a  special  veiy  extensile  membrane, 
wMch  as  supporting  the  internal  cilia,  may  be  called  a  '  basement  mem- 
We  '    Th?  phary^  extends  (as  a  gently  tapeiing,  mostly  cui'ved,  tiibe) 
obhq-ly  inwards  to'wards  the  ceitre  of  the  general  cavity  of  tl^^^ody  where 
H  abruDtlv  ends.    Its  length  is  subject  to  considerable  vanation  in  different 
generT  lJ  Pa™n.m  afd  aUied  genera,  and  in  0.ytricJuna,  it  -  ^hort  and 
S  Seater  relative  width;  in  Chilodon,  Nassula,  Prorodon  and  others 
conLued,  from  the  posterior  extremity  of  the  so-called  cylinder  of  tee^,  far 
X  the  interior.    It  is  also  of  very  considerable  length  m  the  VorUcelhm 
generally,  as  illustrated  by  Epistylis  and  Opermkma  (XXX.  i). 

"In  Ehrenberg's  famiUes,"  Lachmann  teUs  us  (op.  ci«.  p.  217),  Oxijtn 
Mr>nEMes  and  Aspidisdrui  (as  also  in  Stentor,  Bursarm  and  Spirost<}- 
S,  wT  meet^th  In  intemkUy  ciHated  ..sophagus  ^f^^J^^^^,^^^ 

^rfmC-d  tLff"^  a  transition  to  the  a3Sophagus  of  the  followmg 
'"Xny  Infusoria,"  he  continues,  "  have  a  completely  collapsed  oesophagus. 
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wliich,  as  forming  a  tube  distinct  from  the  parenchyma  of  the  body,  and 
hanging  freely  in  the  alimentary  cavity,  is  perhaps  ontu-ely  wanting  in  some 
species ;  at  least,  I  have  hitherto  been  unable  to  detect  it  in  Amphileptm, 
most  species  of  Trachelitis,  Enchelys,  Ooleps,  and  Tmchelocerca,  in  which  it 
only  appeared  to  be  a  canal  through  the  parenchyma  of  the  body :  and  these 
ai-e  generally  incapable  of  forming  rounchsh  morsels  like  the  species  hitherto 
under  consideration ;  but  they  usually  swallow  larger  particles,  which  then 
pass  separately  into  the  cavity  of  the  body,  often  even  without  being  accom- 
panied by  water.  It  is  very  difficult  to  determine  whether  the  oesophagus  of 
these  animals  is  furnished  internally  with  cilia.  In  some,  such  as  Coleps, 
this  almost  appears  to  be  the  case  :  these  swim  to  any  slimy  mass,  such  as  a 
dehquescent  Infusorium,  press  the  anterior  extremity  of  the  body  against  it, 
and  open  the  mouth  and  oesophagus,  which  are  usually  closed,  so  as  to  form 
a  wide  canal ;  the  mass  lying  before  the  Coleps  then  passes  through  this  canal 
into  the  interior  of  its  body,  apparently  without  any  swallowing  movements 
on  its  part,  so  that  it  can  hardly  be  driven  in  except  by  ciliary  action.  In 
others,  on  the  contrary,  the  cilia  of  the  oesophagus  appear  to  be  wanting,  as 
in  Amphileptus,  Enchelys,  Trachelius ;  these  perform  regular  movements  of 
deglutition,  in  order  to  overcome  their  prey,  which  usually  consists  of  Infu- 
soria of  tolerable  size :  they  push  themselves,  as  it  were,  with  swallowing 
motions,  Uke  the  Snakes,  over  their  prey  (so  that  they  can  very  rarely  be  fed 
with  colour) ;  and  this  never  forms  stomach-Uke  morsels,  except  when  it  is 
contained  in  this  form  in  the  Infusoria  devoured." 

Stomach-sacs.  The  Poltgastbic  Hypothesis. — The  next  organs,  con- 
cerned with  digestion,  to  be  considered,  are  the  stomach-sacs  or  vesicles  of 
Ehrenberg— the  "  digestive  globules  "  of  Mr.  Carter  (XXVIII.  8  /).  The 
former  has  described  these  to  be  disposed  after  certain  definite  types,  which 
form  the  basis  of  his  system  of  classification  of  the  Polygastrica.  To  describe 
these  types,  we  must  premise  that  the  families  comprised  in  our  group  of 
Cihated  Protozoa  represent  the  Enterodela  of  the  Berlin  natui-aHst,  or  those 
Polygastnca  having  a  true  alimentary  canal  uniting  the  stomach-sacs  together, 
and  continuous  throughout  from  the  mouth  to  the  assumed  discharging  orifice. 
The  Enterodela  were  subdivided  into  sections  according  to  the  relative  posi- 
tions of  the  mouth  and  anus.  The  first  of  these  was  named  Anopisthia,  in 
which  the  intestine  was  so  curved  upon  itself  that  its  two  extremities  were 
conterminous  in  one  apertui-e,  which  therefore  served  the  double  office  of  a 
receiving-  and  a  discharging-orifice.  This  curvature  of  the  intestine  further 
suggested  the  term  Oyclocoela  to  express  it.  The  families  in  this  section  were 
Vorticellina  and  Ophrydina.  The  next  section,  called  Enantiotreta,  included 
ammalcules  in  which  the  oral  and  the  anal  apertures  were  at  opposite  ends  of 
the  body.  When  this  was  the  case,  the  intestine  might  either  pass  straight 
between  the  openmgs,  or  be  more  or  less  twisted  in  its  course  :  in  the  former 
esse,  the  Polygastrica  were  caUed  OrthocceUt;  in  the  latter,  Campyloccela. 
IhG  Enchelia  and  Golepina  were  the  two  families  of  Enantiotreta.  The  third 
section  was  the  Allotreta,  having  one  orifice  terminal,  and  the  other  lateral, 
and  the  fourth  the  Catotreta,  having  the  two  oiifices  on  the  same  side,  not 
teminal  but  abdominal.  The  members  of  these  two  last  sections,  lastly,  had 
either  a  straight  or,  more  commonly,  a  contorted  intestine,  or,  in  other  words, 
were  either  Orthoccela  or  Campyloccela. 

r..y^f^,  of  Ehrenberg's  views  of  the  alimentary  apparatus  of  the 

LUiated  Protozoa,  as  advanced  in  his  great  work  of  1838,  and  never  since  re- 
caUed.  ihey  rested  chiefly  on  some  imperfect  obsei-vations  and  experiments 
made  with  coloured  food,  and  havo  faUed  to  be  confirmed  in  the  hands  of 
other  microscopists.    Although  diligently  sought  after,  no  one  has  been  able 
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to  demonstrate  the  intestine  connecting  together  the  several  gastric  cavities  ; 
and  what  is  of  more  weight  than  the  absence  of  direct  evidence,  are  certain 
factsTubversive  of  the  notion  that  any  such  tube  exists  -viz  the  irregnlanty 
iJ  tL  S)mse  taken  by  the  bohis  of  food  when  transmitted  mto  the  mtenor ;  the 
SteinS^ng  of  the  &st-  and  last-swaUowed  morse  s;  tje  movements  hither 
S3er,  and  the  actual  rotation  within  the  interior  of  the  globules  caUed 
stomach-sacs ;  the  occasional  coalescence  of  these  sacs,  and  the  not  infrequent 
fccm^Tnce  internally  of  finistules  of  i)ia.om.c.  and  joi^^f  vano-  ™- 
Roonic  Alsss  of  great  relative  length  to  the  ammalculc  (XXVIli.  dl)—some 
times  ^deed  so  long  as  to  sti^etch  the  soft  body  itseK  (XXVIII  1).    On  the 
Sgth  of  these  facts,  coupled  with  the  absence  of  demonstiative  evidence 
of  ite  tmth,  the  polygastric  theory,  and  the  system  of  classification  founded 
upon  it,  have  together  been  aU  but  universaHy  rejected. 
^Meyen  was  one  of  the  first  seriously  to  examine  the  statements  of  Ehien- 
berg    MsTonclusions  were  quoted  at  large  in  our  last  edition.    He  re  ected 
the  polygastric  hypothesis  because  he  failed  to  discover  the  connectmg  mtes- 
w  Se  represented  by  Ehi-enberg,  and,  on  the  other;  hand,  detected  t^^^^ 
Sation  and  coalescence  of  the  assumed  stomachs     His  views  of  internal 
SlnizatiSi  closely  tally  with  those  now  generally  admitted.    He  recogmzed 
?rSs  ive  tube,^the  formation  of  the  globule  of  food  at  its  apparently  open 
tert^ation!  and  its  onward  coui-se  into  the  intenor  of  the  ammalcnLe  wheie 
it  cTsSuted  one  of  the  supposed  stomach-sacs.    He  seems,  mdeed,  to  have 

tion  he  described  as  escaping  by  an  anus.  at  w  is^ifi  xviii  n  123) 

An  Pxtraot  from  Mr.  Carter's  valuable  paper  {A.  JV.  E.  Ib5b,  xvm.  p.  i^o; 

going  circulation  -^/.^^^^Jf  ^^'.^^^^^^^^  and  ac'cLulate  in 

food  may  ^tel/rarticXir^^ose  which  do  not  happen  te  be  en- 

every  comer  of  its  intenor,  Pa^^V;;!^  ,  resemblance  which  exists  between 
closed  in  globules.  ^-^^^'^  ^^^^^^^^^  Otostoma,  &c.)  and 

the  ahmentary  organs  «f^l^S^^'^^,T^^'^^pS^^«,^^_^  distance  of  the 
those  of  the  binocular  and  l';^^^^ ^^^^^^^^^^  buccal  apparatus,  and  a 
mouth  from  the  interior  extremity  the  presen^^  ot  a  Pi^  ^^bstance 

simple  sac-like  stomach  m  the  latter,  ^iT,  '  aboufto  be  deseribed-is  so 
(sarcode  ?),  charged  with  the  '  «P\^"f  ^  an  ^imal  so  closely  aUied  to 

great,  that,  with  such  a  simple  gastnc  ^^S^^.^^.^^^^'^^  have,  in  descending 
these  Infusoria  as  Planaria,  I  do  not  see  what  reason  we  ^^^"^  "^  ^ 

tKto  expect  a  ™«  ^«^Vn^^^^:Z^TrTi^^.T^^^^ 

TheTet^at7craS.l  observation  show  that  food  jlJ^"  ^-J^"* 

by^e  StioB  of  to  „„TO„namg  cilia  and  is  ,  « T^nfrf 

"421  t»n.%S:f  7^,^      the  eont.c«h.r  of  the 
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tiibe  behind  it  and  by  the  primary  impetus  given  it  by  the  action  of  the  cilia ; 
thns,  the  more  rapidly  it  is  propelled,  the  greater  is  the  circuit  it  describes. 
Stein  represents  it  to  make  a  wide  spiral  ciu've  of  one  or  two  gyrations  in 
Opercidaria,  and  in  0.  berberina  to  escape  finally  by  a  determintite  discharg- 
ing orifice  situated  at  the  bottom  of  the  vestibule.  In  this  latter  species,  he 
moreover  describes  the  impetus  of  the  swallowed  portion  to  be  so  strong  as 
to  drive  the  nucleus  from  its  usual  position.  Although  a  discharging  orifice 
in  a  particular  site  is  thus  referred  to  by  Stein  in  the  Opercidaria  berberina, 
yet  at  another  page  (p.  17)  he  says,  generally,  that  he  has  been  unable  to  de- 
tect such  a  fixed  vent  in  any  animalcule,  but  that  where  the  excreted  matters 
do  not,  as  in  Ohilodon  and  other  species,  escape  by  the  moiith,  they  make 
theii-  way  to  one  particular  region  of  the  body,  through  which  they  escape, 
not  by  an  opening  with  a  visible  margin,  but  thi'ough  a  rupture  of  the  in- 
tegument, which  closes  up  and  disappeai's  immediately  after  their  exit. 

This  production  of  a  fortiiitous  opening  for  the  escape  of  the  excreta,  had 
been  previously  described  by  Dujardin  as  general  in  the  Ciliata.  Siebold,  on 
the  contrary,  upheld  the  opposite  opinion  of  the  existence  of  a  defined  anal 
aperture  among  them.  In  most  Stomatoda,  the  anus  (he  writes)  is  generally 
situated  at  the  opposite  exti'emity  of  the  body  to  the  mouth,  and  on  the  imder 
surface ;  but  where  it  is  absent,  the  mouth  serves  both  as  inlet  and  outlet,  as 
among  the  Polypes.  Cohn  admits,  at  least  in  certain  cases,  the  presence  of  a 
definite  anus ;  for  in  his  recent  figiu-es  of  Nassida  elegans  (Zeitschr.,  1858) 
he  indicates  such  an  aperture  (XXVIII.  11  </).  Lachmann  is  veiy  positive 
on  this  question.  He  states  (op.  cit.  p.  127)  that  "  a  long  and  careful  ob- 
servation of  an  individual  will  always  show  that  the  faeces  are  invariably 
thrown  out  at  the  same  part  of  the  body ;  and  in  many  Infusoria  we  may 
frequently  recognize  the  anus  in  the  form  of  a  small  pit  on  the  sui'face  of  the 
animal,  even  for  a  considerable  time  before  and  after  excretion  (this  is  often 
the  case  in  Paramecium  Aurelia,  P.  Bursaria,  and  Stentor).  That  the  faeces 
are  not  forced  through  the  parenchyma  at  any  point  on  the  siu'face  of  the 
body,  is  proved  especially  by  the  careful  observation  of  Spirostomum  ambi- 
guum,  and  some  new  animals  which  are  to  be  united  with  the  Stentors  in  one 
family.  In  the  former,  the  anus  is  situated  at  the  hinder  end  of  the  animal ; 
and  close  in  front  of  it  is  the  very  large  contractile  vesicle.  When  fuUy  ex- 
panded, this  vesicle  appears  to  be  siirrounded  only  by  a  thin  membrane  ;  but 
nevertheless  we  see  balls  of  excrement,  often  several  at  the  same  time,  on 
difierent  sides  of  the  vesicle,  separating  the  laminas  of  its  appai-ently  simple 
covering,  and  forming  projections  which  are  often  nearly  hemispherical  both 
towards  the  vesicle  and  the  outer  siu-face  of  the  body.  If  masses  of  excre- 
ment do  usually  penetrate  through  the  parenchyma  of  the  body,  we  should 
expect  it  to  be  the  case  here  when  the  tension  of  this  is  so  great ;  we  should 
also  expect  to  see  the  masses  of  excrement  pass  into  the  contractile  space,  if 
it  were  not  a  vesicle  but  only  a  space  in  the  parenchyma  mthout  proper 
walls.  Neither  of  these  things  occiu-s,  however ;  the  fajcal  masses  are  not 
deposited  from  the  body  until  they  have  reached  the  anus  at  the  hinder  ex- 
tremity of  the  body.  A  similar  strong  expansion  of  a  thin  part  of  tiie  body 
by  faecal  masses,  without  any  ruptirre,  is  seen,  as  already  mentioned,  in  some 
new  Stentorina,  which  are  disting-uished  fi-om  tiie  genus  Stentor  by  their 
ha,ving  that  part  of  the  parenchyma  of  the  body  which  bears  the  ciHary 
spiral  and  the  anus  (which  in  aU  the  Stentorina  Ues  on  the  dorsal  surfoco  df 
the  body  close  under  the  ciUary  spii-al,  and  not  in  a  common  pit  witli  a  mouth) 
drawn  out  into  a  thm  process.  In  one  genus,  of  which  I  observed  two  species 
(one  is  the  Vorticelhna  ampulla  of  0.  F.  Miillcr)  in  company  ^vith  E.  Clapa^ 
rede  on  the  Norwegian  coast,  and  which  I  wiU  describe  elsewhere,  this  pro^ 
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cess  is  broad  and  foliaceous,  and  bears  the  rows  of  cilia  on  the  margin,  whilst 
the  anus  is  placed  far  up  on  the  dorsal  suiface  of  a  thin  plate.  In  the  other 
genus,  ChcBtospira  (Lachmann),  observed  by  mo  in  fresh-water  near  Berlin, 
the  process  is  narrow  and  bacillar  ;  the  series  of  cilia  commences  at  its  free 
extremity,  and  only  forms  a  spiral  when  in  action  by  the  roUing  up  of  the 
lamina  •  in  this  genus  also  the  process  bears  the  anus.  In  both,  faecal  masses 
which  are  thicker  than  the  process  in  its  extension,  pass  through  it  to  the 
anus,  without  breaMng  through  it,  notwithstanding  the  great  expansion  of 

its  walls.  „  ,      -J    •  1 

"  Not  unfrequently  several  baUs  of  excrement  mute  into  a  large  mass 
before  the  anus,  in  order  to  be  passed  out  together.  When  an  excretion  takes 
place,  the  anus  is  seen  to  open  (but  often  closes  once  more  and  opens  agam 
before  the  expulsion  of  the  masses  is  effected),  and  then  the  fffical  masses  are 

often  expelled  slowly."  .  ,        .  •  i,  • 

He  fiither  describes  the  situation  of  the  anus  m  Ehrenberg  s  OocytncUna 
and  Euplota,  in  Golpodea  with  the  exception  of  the  species  oi  AmpMeptv^ 
and  Uroleptus,riii^e  Gycliclina,  and  in  Glaucoma,  TracJiehm,  GModon  a^d 
Nassula,  to  be  on  the  ventral  surface  near  the  posterior  extremity,  or  at  the 
posterior  extremity  itself.  In  Bursaria  and  Spirostomum  it  is  placed  at  the 
posterior  extremity,  as  also  more  commonly  in  Coleps,  Enchelys  and  TracJie- 
locerca.  In  the  Stentorina  it  occui-s  on  the  back  close  beneath  the  senes  of 
ciHa  and  in  ChUodon  Cueullulus  it  is  nearly  on  the  right  margin  of  the  body 
near  the  hinder  end.  Among  the  true  VorticelUna  and  Ojohrydina  the  anus 
opens  into  the  vestibule  very  close  to  the  oral  aperture,  a  stout  curved  bnstle 
beine  placed  between  the  two  (XXIX.  2  e,i).  -,  -,  j-  -u 

Excepting  on  this  point  of  a  preformed,  constant,  and  defimte  discharging 
orifice  there  is  among  microscopists  an  almost  umversal  accord  m  the  pre- 
cS  accJimt  of  the  phenomeni  connected  with  the  reception  and  digestion 
of  fofd  It  would  be  a  useless  expenditui-e  of  space  to  insert  even  an 
epitome  of  the  observations  and  arguments  of  only  the  most  eminent  of 
modem  naturalists  who  coincide  with  it ;  it  will  be  sufficient  to  cite  their 
Tmes  andXii^  contributions  on  the  subject  :-Meyen,  m  Ed^^^b■  P^f  Journ. 
vol  Dujardin,  Eistoire  des  Infmoires,  1841 ;  Siebold,^— e  der 

mr^lZuTkL,  1848;  Book,  OJcer^s  Ms,  1848  ;  W^?--' f^/^^' 
infusoria  1848  •  Van  der  Hoeven,  Lehrhuch  der  Zootomie,  1850 ;  Leuckart, 
itrd^  HoeWs  new  edition  1856;  ^^^^,,fJf^^^^^^^ 
Lachmann,  «  On  the  Organization  of  the  Infusoria,"  A  N.H.  185 
mJXv  and  Carpenter;  indeed,  all  British  authorities,  with  whose  works  we 
?re  ac  Judin^oha;ewritte'n  on  the  subject     This  is  certainly  a  long 
ar  ay  rauthorities  against  Ehrenberg's  theory  of  VolyS^^^  ^^^^^^^- ^ 
and  almost  the  only  advocate  he  has  found  on  his  side  ^,  ^ckhaid  once  a 
mpU  of  Ms  own.    This  gentleman  has  pubHshed  some  observations  which 
Lmed  confirmatory,  but  are  undoubtedly  erroneous      ^^^^^^^  P«;,^f^^^^^- 
TSwg  remaiSs,  bearing  speciaUy  on  the  subject  at  present  under  con- 

^''Stite?-"t'rut'f^^^  as  are  not  too  minute,  we  can  distinctly  see 
how  thTnutriment,  artificially  suppUed,  instantly  takes  aj.>^.c^^^^^ 
tCbody :  in  some  instances  the  first  portion  ot  the  ^.^J^^^jtaj  tabe  c^^ 
^  l  r^i  \l^  action  be  obseiwed,  as  in  Epistylis  grandts  ;  it  is  then  fiequently 
trbVcovfred  on  ^^^^^^  cilia,  which,  in  the  OpercuUna 

v..  be  coimted     But  that  this  alimentaiy  canal  does  not,  after  a  short 
rre  tormiiXatptly  in  the  body,  can  also  be  proved  in  the  Ep.tyl. 

^"'a?this  animalcule  a  portion  of  eolonring-matter  swallowed  is  seen  to 
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coui-se  along  an  intestine  and  enter  a  cell.  I  also  once  attentively  obsen^cd 
what  appeared  to  be  the  extremity  of  the  intestinal  canal,  to  ascertain  what 
the  fui-ther  com-se  of  the  coloured  particles  would  be.  At  this  time  the  animal 
had  not  Med  any  of  the  cells  in  its  inside  ;  suddenly  two  lateral  cells  became 
filled,  although  I  did  not  perceive  any  nutriment  pass  along  the  common  tube. 
This  cleai-ly  points  out  that  the  two  cells  must  bo  in  connexion  with  the  com- 
mon cavity  from  which  they  had  become  filled ;  and  when,  after  the  animal 
has  fed  for  a  considerable  time,  we  see  that  similar  filled  cells  are  difinised 
throughout  the  body,  this  phenomenon  affords  a  groimd  for  the  supposition 
that  the  intestinal  cavity  is  of  greater  length  than  we  should  at  first  sight 
imagine."  (Wiegmann's  Archiv,  1846,  translated  in  A.  N.  H.  1847,  xviii. 
p.  433.) 

M.  Pouehet,  of  Eouen  (Coinptes  Eendus,  xxviii.  pp.  82-516),  has  also 
adopted  Ehrenberg's  notion  of  definite  gastric  cells,  but  has  been  unable  to 
convince  himself  of  the  connecting  intestine.  Mr.  Samuelson  also  (J.  M.  S. 
1856,  p.  165 ;  1857,  p.  3  04)  seems  to  coincide  with  this  view ;  but  in  his  se- 
veral papers  on  Glaucoma,  cited,  there  occur  variations  in  description,  which 
very  much  detract  from  their  weight  in  deciding  on  any  disputed  point. 

Lachmann  gives  the  following  details  {A.  N.  H.  xix.  p.  118)  : — "  The  vesti- 
bulum  continues  the  spiral  Une  formed  by  the  row  of  cilia,  constituting  a  bent 
tube,  which  contains  a  portion  of  this  spire  of  cilia.  In  accordance  with  the 
direction  of  this  spiral,  the  concavity  of  the  tube  is  turned  towards  the  right, 
and  its  convexity  towards  the  left :  on  the  convex  side  the  lumen  of  the  tube 
is  still  more  enlarged,  especially  in  the  parts  placed  furthest  inwards,  where 
the  anus  opens.  Between  the  anus  and  the  mouth  which  leads  fui'ther  in- 
wards into  the  oesophagus  springs  a  bent  bristle,  which  is  generally  long 
enough  to  project  outwards  beyond  the  peristome.  This  bristle  is  stifif,  and 
is  only  displaced  a  little  to  one  side  occasionally,  when  baUs  of  excrement, 
which  are  too  thick  to  pass  between  it  and  the  wall  of  the  vestibulum,  are 
thi'own  out  fi-om  the  anus ;  but  it  immediately  returns  again  to  its  old  position. 

"JFrom  the  mouth  a  short  tube,  the  cesopliagus,  with  a  far  smaller  lumen 
than  the  vestibulum,  leads  to  a  rather  wider  fusiform  portion,  which  we  will 
call  \hG  pharynx.'" 

This  selection  of  terms  we  consider  unfortunate,  because  it  is  opposed  to 
their  customary  usage  in  comparative  anatomy, — the  pharynx  being  always 
said  to  be  prolonged  into  the  oesophagus,  and  not  the  latter  iato  the  former. 
In  aU  the  CUiata,  except  the  Vorticellina,  the  canal  continuing  from  the  oral 
apertui-e  is  not  distinguishable  iato  two  portions  or  segments ;  and  one  term 
would  suffice  to  designate  it  throughout.  In  that  class,  where  a  division  may 
possibly  be  remarked,  it  would  be  better  to  call  the  upper  segment  the  pharynx 
or  oesophagus,  and  the  lower  the  aUmentary  tube  ;  by  so  doing,  no  false  con- 
ceptions could  weU  arise.  However,  in  quoting  from  Lachmann's  description 
we  must  let  the  words  abide  with  the  meaning  he  has  assigned  them. 

To  continue  our  extract—"  In  most  Vorticellina  (those  with  a  contractile 
stem,  and  the  species  of  Epistylis  and  Trichodina)  the  longitudinal  axis  of 
the  vestibulum  and  oesophagus  runs  tolerably  parallel  to  the  plane  of  the  ciHaiy 
disk  whilst  that  of  the  pharynx  has  rather  the  direction  of  the  axis  of  the  body. 
In  these,  therefore,  the  axis  of  the  ciUary  spii-al,  which  is  continued  as  far  as 
the  pharynx,  changes  its  direction  at  the  commencement  of  the  vestibulum  : 
whilst  It  comcided  with  the  axis  of  the  body  outside  the  vestibulum,  it  stands 
almost  perpendicular  to  it  within  the  vestibulum  and  in  the  oesophagus.  In 
the  very  elongated  forms  of  the  Ophrydina  (Ehr.),  which  inhabit  sheaths 
{Uphrydiwn,  Vaginicola,  Cothurnia),  the  longitudinal  axis  of  the  vestibulum 
and  oesophagus  coincides  more  with  that  of  the  bodv.  as  also  in  the  genera 
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Opercularia  (as  circumscribed  by  Stein)  and  Lagenophrys,  Stein  ;  in  the  two 
latter  the  vestibulum  is  very  wide,  whilst  in  the  elongated  species  it  is  narrow, 
but  generally  possesses  a  deep  excavation  for  the  anus." 

"  Besides  the  ciha  of  the  spiral  (cihary  wreath),  some  stronger  ciha  also 
stand  in  the  vestibulum,  in  front  of  the  mouth  ;  these  do  not  take  part  in 
the  regular  activity  of  the  others,  but  only  stiike  forcibly  sometimes, — appa- 
rently to  remove  from  the  vestibulum  coarse  substances  which  may  have  got 
into  it,  and  also  the  masses  of  excrement." 

"  The  morsel  passed  from  the  phaiynx  into  the  interior  of  the  body  runs 
nearly  to  the  posterior  extremity  of  the  Vorticella,  and  then,  turning  upwards, 
lises  on  the  side  of  the  body  opposite  to  the  pharynx.    During  this  portion 
of  its  course,  it  usually  stiU  retains  the  spindle-shape  communicated  to  it  by 
the  pharynx,  and  only  here  changes  to  the  globular  fonn,  often  rather  sud- 
denly :  this  induced  me  at  first  to  think  that  the  morsel  was  stiU  enclosed  m 
a  Uibe  during  this  part  of  its  course  ;  and  this  opinion  seemed  to  be  supported 
by  the  circumstance  that,  before  and  behind  the  morsel,  two  Unes  are  not  un- 
frequently  seen,  which  unite  at  a  short  distance  from  it,  hke  the  outhnes  ot 
a  tube  which  it  has  dHated.    Subsequent  obsei-vations,  however,  have  again 
shown  me  that  this,  opinion  is  an  improbable  one  ;  for  the  circumstances  de- 
scribed must  also  occur  when  a  fusiform  morsel  is  passed  with  some  force  and 
rapidity  through  a  quiescent  or  slow-moving  tenacious  fluid  mass  :  the  above- 
mentioned  lines,  before  and  behind  the  morsel,  must  be  produced  by  the  se- 
paration and  reunion  of  the  gelatinous  mass,  even  if  the  morsel  is  not  sur- 
roimded  by  a  tube.    But  the  existence  of  a  tube  depending  from  the  Pja^T^ 
appears  also  to  be  directly  contradicted  by  the  fact,  on  the  one  hand,  that  the 
curves  described  by  the  morsel  are  sometimes  larger  and  sometimes  smaUer, 
and  on  the  other,  that  the  morsel  acquii-esthe  globular  form  sometimes  sooner 
and  sometimes  later,  according  as  it  is  pushed  out  of  the  phaiynx  with  greater 
or  less  force  and  rapidity.    The  masses  whirled  into  the  pharynx  are  not 
always  aggregated  into  a  morsel ;  but  sometimes,  under  conditions  whicn 
have  not  yet  been  satisfactorily  ascertained,  all  the  masses  which  reach  the 
pharynx  ai'e  seen  to  pass  quickly  thi-ough  it  without  staymg  m  it ;  they  then 
stream  through  the  mass  surrounding  them  in  a  clear  sti-eak  which,  like  tne 
morsels,  describes  a  curve  at  the  bottom  of  the  beU,  and  only  mix  with  the 
mass  when  their  rapidity  of  motion  has  diminished.  A  roundish  morsel  which 
might  be  regarded  as  a  fuU  stomach,  is  then  never  formed.    We  might  easUy 
be  inclined  to  regard  the  clear  bent  streak  with  the  pai'ticles  flowing  in  it  as 
an  intestine  ;  and  this  has  probably  been  done  by  Ehi^enberg,  who  states  that 
he  distinctly  saw  the  bent  intestine  in  some  Vorticellina,  especially  m  Jipt- 
stylis  pUcams,  in  wHch  I  have  also  been  able  to  study  the  phenomenon  very 
closely.    But  in  this  case  also  there  are  the  same  reasons  against  the  sup- 
position of  an  intestinal  tube,  as  in  that  of  the  Hues  appearing  before  and 
behind  a  fusiform  mass  :  here  hkemse,  not  only  the  form,  but  also  the  lengtli, 
of  the  cui-ve  varies :  whilst  at  one  time  it  is  but  short,  and  soon  termmates 
by  the  intermixtui-e  of  the  particles  contained  in  it  \\ith  the  suiToundmg 
mass  it  may  immediately  afterwards  be  twice  as  long  or  longer— it  may  even 
make  a  complete  cii'cuit  and  return  nearly  to  its  point  of  commencement  be- 
neath the  phaiynx— a  variation  which  appears  only  to  depend  upon  the  tovce 
with  which  the  cilia  of  the  rotatory  organ  act ;  so  that  we  cannot  explain  the 
whole  phenomenon  otherwise  than  that  the  water  with  the  particles  contamed 
Tit  streaming  with  some  rapichty  into  the  mass  with  which  the  body  is 
Sled  camiot  mix  mth  the  latter  immediately,  but  only  when  its  rapiditj  of 
morion  Hniinished  by  friction,-just  as  we  see  a  rapid  .stream  which  faUs 
Sto  a  s  uggish  or  stagnant  pool,  or  into  the  sea,  still  retammg  its  mdepend- 
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ence  for  a  certain  space,  so  that,  if  it  diifers  in  its  colour  or  turbidity  from  the 
water  of  the  sea  or  pool,  we  may  distiagnish  it  from  the  latter  (with  which 
it  does  not  mix  for  a  long  time)  in  the  form  of  a  streak,  which  is  often  of 


great  length 


When  the  nutritive  particles  in  the  body  of  the  Vorticellce  have  attained 
the  end  of  the  clear  streak  imder  a  constant  diminution  of  theii-  rapidity — and 
in  the  other  case,  when  the  morsel  has  lost  its  spindle-shape  and  become  glo- 
bular— they  have  no  longer  any  separate  movement,  but  now  only  take  part 
in  a  circulatoiy  motion,  iu  which  all  the  parts  ia  the  interior  of  the  body, 
with  the  exception  of  the  nucleus  and  contractile  vesicle,  are  engaged." 

This  aceoimt  applies  in  general  to  the  alimentary  mechanism  of  all  other 
Ciliata  besides  the  Vorticellina,  except  so  far  as  concerns  the  dilated  lower 
half  of  the  oesophagus  (i.  e.  pharynx  of  Laehmann),  which  is  never  seen. 
The  cihated  oesophagus  ends  by  an  obliquely  tnmcate  extremity,  through 
which  the  drop  of  water  introduced  by  the  mouth  enters  the  tenacious  flmd 
mass  of  the  interior,  where  it  expands  into  a  rounded  vacuole  or  stomach-sac, 
which  contiQues  its  onward  curviUnear  course  until,  by  absorption  or  by  ex- 
pulsion through  the  anal  outlet,  it  disappears.  Yet  it  may  happen,  just  as  iu 
the  Vorticellina,  that  the  water  and  food,  instead  of,  as  usual,  being  united 
into  drops  and  morsels,  may  be  mixed  at  once  with  the  contents  of  the  abdo- 
men, and  no  semblance  of  a  full  vacuole  be  produced. 

A  remarkable  fact  is  recorded  by  Laehmann,  of  the  digestive  organisation 
of  Traclielius  Ovum,  in  which,  by  the  way,  Ehi-enberg  declared  the  alimentaiy 
canal  was  more  easily  seen  than  in  any  other  animalcule.  "  In  Traclielius 
Ovum,"  writes  the  author  we  quote  (p.  127),  "  alone  we  see  a  proper  stomach- 
wall  separated  from  the  rest  of  the  parenchyma  by  spaces  filled  with  fluid, 
and  thus  form  an  arborescent  ramified  canal,  which,  however,  must  not  be 
confounded  with  the  nucleus."  To  this  statement  he  adds,  in  a  foot-note, 
— "  The  animalcules  devoured  (Trachelius  Ovum  is  one  of  the  most  voracious 
robbers)  are  always  seen  lying  in  the  ramifications  of  the  stomach,  in  the  clear 
spaces  between  them,  except  in  crushed  animals.  The  clear  round  spaces  in 
the  parenchyma  (cortical  lamina)  of  the  body,  are  certainly  no  stomachs,  but 
contractile  spaces."  This  stnicture  was  afSi-med  to  the  writer  by  Lieberkiihn, 
and  was,  no  doubt,  seen  by  Ehrenberg,  but  misunderstood  by  him  in  most 
points.  Its  gastric  character,  however,  has  not  past  unchallenged,  for  both 
Cohn  and  Leuckhart  (Wiegmann's  Archiv,  BericJit,  1855)  assert  that  it  is  no- 
thing more  than  a  fibrous  band  extending  inwards  from  the  integument  in 
different  directions  through  the  soft  contents  of  the  interior.  In  this  expla- 
nation Gegenbauer  seems  to  agxee— the  gramUar  bands  described  by  this 
observer  imder  the  name  of  '<  trabeculie  "  appearing  identical  with  the  fibres 
ot  the  two  last-named  writers.  These  trabecule  are  stated  to  be  contractile 
and  to  have  a  definite  arrangement,  the  principal  one  extending  backwards 
from  the  long  cihated,  oral  fissure  along  the  same  side  of  the  body,  and  havdn- 
secondary  trabecular  branching  from  it  and  proceeding  to  the  cortical  lamina, 
where  they  are  lost  And  although  Gegenbauer  speaks  of  an  intestine-hke 
?obnt'.'  ^  n  ?^"^  b^o^.^vavd.  from  the  mouth,'in  which  numerous  food- 
globules  could  be  s^een,  yet  he  says  that  there  was  no  perceptible  difference 
m  structure  to  distinguish  this  so-caUed  intestine  from  the  rest  of  1^0^ 

LTh  Jho  'V  n"*^^^  -^y^*^  often  seen  pas  ing 

onen  S  ^ih^nTfft  j'^^T'^^-  ^^^^^i^es  the  oral  fissie,  he  remarked  anothe? 
Z  ioL^  f  ^T^'^  ^'^'^^     ^''"^^t^  tlie  motile  proboscis,  where 

m JXfT    >^         II  connected  mth  a  trabecula  extending 

mwards  to  unite  mth  others.  This  opening  he  found  to  be  constant  in  sTze 
and  position,  to  be  prolonged  inwards  to  the  chief  trabecula  as  a  wide 
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fimnel-sliaped  tube,  often  deHcately  plaited  longitudinally,  and  surrounded 
with  cilia.  Artificial  feeding  was  tried ;  but  no  coloimng  particles  were  swal- 
lowed    The  existence  of  a  digestive  power  is  shown  by  the  disappearance  ot 
organic  matters  which  have  been  swaUowed,  leaving  httle  or  no  residue  un- 
absorbed    Thus  other  smaHer  animal  organisms  are  often  the  prey  of  Cihata  ; 
and  their  gradual  absorption  into  the  general  mass  may  be  occasionaUy 
watched  :  the  same,  too,  is  true  of  vegetable  matters  such  as  Diaiomm  Des- 
micliece  portions  of  Osdllatorice,  and  of  various  minute  Algte,— although  here 
TceiSn  amount  of  unassimilated  matter  in  the  hard  lorica  or  valves  remams 
over  and  above,  to  be  subsequently  got  rid  of.    The  changes  ensmng  m  food 
tog  the  act  of  digestion  are  illustrated  by  Ehi-enberg  m  his  account  of 
Bursaria  vernalis.    THs  animalcule  feeds  very  much  on  OsalUtoricB;  and  on 
watching  the  fibres,  they  are  seen,  when  first  swallowed  to  be  elastic  ^gid 
Tnd  of  f  beautiful  bluish-green  coloiu-,  biit  presently  they  bjome  kx  and 
of  a  bright  green  hue,  which  afterwards  changes  to  a  yeUowish  gieen,  and 
Stknately  to  a  yeHow,  the  filaments  at  the  same  time  breaking  up  into  de- 

^''^^isstmilative  function  is  evidenced  both  by  the  foregoing  facts  of  the 
absorption  of  foreign  organized  matters,  and  also  by  the  circumstances  that 
?SgXde  acquired  and  the  activity  of  other  functions  are  regulated  by 
Se  ZaSSy  of  nutriment  received,  and  that  after  certam  substances  have 
been  tXn  as  food  they  may  be  detected  in  certain  parts,  or  throughout  the 
of  the  animalciile  Of  the  latter,  the  introduction  of  chlorophyU  into 
rsubtegumSy  by  the  medium  of  food  containing  this  vegetabk 

ItJSS  £  an  example  •  and  in  general  the  colour  of  an  ammalcule  depends 
Tec "  is'indirectly  influenced  by  its  quahi^  and 

oSant^ty  for  an  animal  well  nouiished  always  exhibits  its  pecuha^^^  coloui 
in  ttie  highest  degree,  whilst  ill-noiuished  sickly  examples  present  httle  oi 

""This  topic  suggests  another  closely  allied  to  it,  viz  the  artificial  feeding 

Ladvmtoge  arising  fromtho  dark  parfaobs  "V"""  ^"^Xr^^    it  has  the 

certain  other  smaU  aniinai  j  i  knowledge  con- 

Si  Srha^S^S^d  '^r^f  «  in  i.se„  n„  p.of  of  ..c 
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existence  of  a  sense  of  taste.  Indeed,  in  the  case  of  minute  plants  we  per- 
ceive a  similar  apparent  selection  of  localities  abounding  in  appropriate  nutritive 
matters.  Another  assumed  vital  characteristic  was,  that  Ciliated  Infusoria 
have  a  feeling  of  company  (a  fondness  for  society),  inducing_  them  to  con- 
gregate together, — an  idea  requiiiag  considerable  effort  of  imaguiation  to 
conceive,  but  which,  we  fear,  will  scarcely  find  acceptance  as  a  fact  by  any 
person  who  wiQ  look  abroad  for  parallel  instances  of  the  congregating  together 
of  the  same  organisms ;  and  plenty  such  axe  at  hand,  even  among  the  lowest 
plants. 

Dental  Apparatus,  or  Teeth. — Before  quittragthe  subject  of  digestion  and 
of  the  digestive  organs,  some  notice  must  be  taken  of  the  pecuUar  formations 
considered  by  Ehrenberg  to  represent  a  dental  apparatus  concerned  in  the 
preparation  of  the  food  for  digestion.  This  apparatus  occurs  in  the  form  of 
a  cyhnder  of  apparent  bristles  (XXIV.  282,  283,  308,  309  ;  XXIX.  48)— 
the  supposed  teeth — placed  behind  the  mouth,  as  seen  in  Chilodon  (XXIX. 
48),  Nassula,  CMamidodon,  and  Prorodon  (XXVIII.  8,  65).  The  cylinder 
of  teeth  was  further  stated  to  he  wider  in  front,  to  be  able  to  expand  itself  to 
receive,  and  afterwards  to  contract  on  the  engniLfed  particle  of  food,  so  as  to 
crush  it  and  drive  it  inwards. 

To  these  notions  of  the  nature  and  action  of  the  organ  in  question.  Stein 
cannot  assent.  He  states  (p.  128)  that  he  has  frequently  tried  in  vain  to 
isolate  it.  On  killing  an  animalcule  with  solution  of  iodiie,  or  with  dilute 
acetic  acid,  the  funnel-Kke  tube,  at  times  straight,  at  others  cui-ved,  is  di- 
stinctly displayed,  as  well  in  the  smallest  as  in  the  larger  specimens.  It 
tapers  posteriorly,  and  ends  abruptly  by  an  open  extremity  in  the  cavity, 
and  is  composed  of  the  same  resistant  elastic  membrane  as  the  cuticle. 
Stein  gives  it  the  name  of  the  "  oesophageal  funnel."  Its  wider  and  thicker  end 
is  truncate  and  dentate  or  seiTate,  having  from  8  to  16  dentations  :  between 
these  the  membrane  appears  to  be  plaited  or  groved  for  a  considerable  distance 
downwards ;  and  it  is  these  plaits  or  folds  which  Ehrenberg  took  to  be  long 
bristle-Kke  teeth  arranged  side  by  side.  This  cylinder,  therefore,  is  nothing 
more  than  an  involution  of  the  integument.  It  can  be  retracted  and  appear 
like  a  tapering  oesophageal  tiibe,  or  be  protruded  like  a  trumpet-shaped  pro- 
cess beyond  the  general  surface.  It  has  not,  however,  that  independent 
motile  power  in  itself  represented  by  Ehrenberg ;  but  all  its  movements 
depend  upon  those  of  the  integument ;  for  Stein  has  never  seen  it  either  con- 
tract or  dilate,  except  simultaneously  vsdth  the  contractions  of  the  general 
surface.  It  bends,  and  is  doubled  up  under  pressiu'e,  and  is  neither  denser 
nor  a  more  brittle  tissue  than  the  cuticle ;  nor  can  it  be  resolved  into  rod-like 
segments. 

The  plaited  upper  portion  is  not  apparent  in  all  species  which  have  a 
homologous  organ :  thus  in  Nassula  ambigua  (Stein,  p.  249)  the  infundibulum 
is  smooth,  although  the  double  outline  its  membrane  exhibits  indicates  its 
very  considerable  thickness. 

Secretion.— Sufficient  evidence  of  the  operation  of  this  function  is  found 
in  the  COiated  Protozoa,  although  no  special  organs  or  tissues  can  bo  pointed 
out  for  its  exercise,  unless,  indeed,  the  pair-  of  peculiar  solid-loolung  organs 
in  the  head  of  Opercularia  berberiformis,  hereafter  mentioned  among  accessory 
undetermined  stnictui-es,  be  considered  glandular  (XXX.  2  c). 

The  production  of  cUia  may  be  considered  an  act  of  secretion,  exercised  so 
soon  as  an  animalcule  assumes  a  definite  outline,  and,  imder  certain  circum- 
stances m  connexion  with  the  encysting-process,  repeated  a  second  time 
withm  the  hfe-time  of  an  individual.  Again,  the  excretion  thrown  out 
around  Protozoa  when  about  to  encyst  themselves  is  another  example  of  the 
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same  process  :  so  is  also  the  special  production  of  cuticular  matter  in  the  con- 
struction of  the  dense  resisting  shields  and  vu'ceoh  of  loncated  species,  e  g 
Coleps,  or  that  of  the  substance  used  in  the  formation  of  stems  and  ot 
external  sheaths.  Another  instance  of  a  secretion  may  be  seen  in  the  solvent 
fluid  poiu-ed  out  for  the  solution  of  solid  particles  of  food  in  the  intenor  — a 
fluid  certainly  not  demonstrable  apart,  but  presumable  from  the  phenomena 

of  digestion.  ,      ,  ,     .    ,  i.    v    ^  „ 

Havino-  observed  the  particles  of  food  m  the  abdominal  cavity  to  be  tre- 
quently  surrounded  by  a  clear  space  filled  mostly  with  coloui-less,  but  some- 
times with  a  coloured  liquid,  Ehrenberg  at  once  attributed  to  it  a  digestive 
faculty,  and  termed  it  the  bile.  He  speaks  of  this  in  the  histoiy  of  the  genus 
Bursaria,  where  it  is  stated  to  be  either  coloiuiess  or  reddish.  In  Nassula 
again,  he  figui'es  bihary  glands  in  the  shape  of  vesicles  forming  a  wide  cu-clet 
around  the  mouth,  fiUed  with  a  violet- coloured  jmce,  which  is  discharged 
with  the  excrementitious  particles,  and  which  at  first  appears  like  di-ops  ot 
oil  but  soon  mixes  with  and  becomes  dififused  through  the  water  the 
foHowing  species  are  enumerated  as  possessing  one  such  vesicular  gland :  viz. 
GhUodon  ornatus,  Bursaria  vernalis,  Trachelius  Meleagns,  Ampluleptm  mar- 
qaritifer,  A.  Meleagris,  and  A.  hngicollis.  ,     .    .  + 

The  bodies  thus  represented  by  Ehi-enberg  as  vesicular  glands  have  not 
escaped  the  notice  of  Stein,  who  pronoimces  distinctly  agamst  their  glandular 
natm-e,  and  insists  upon  theii-  being  nothing  but  sections  or  joints  of  the  fibres 
of  the  Oscillatorice  and  other  plants  that  the  animalcules  feed  upon,  and  which, 
in  the  course  of  their  digestion,  change  fi-om  green  to  a  dusky  blue,  afterwards 
to  a  reddish-brown  coloui',  and  at  length,  when  broken  up  become  diifiised 
throughout  the  interior,  and  impart  to  the  entii'e  animalcide  a  reddish- 

^%lh^iZeitschr.  1857,  p.  143)  has  remarked  in  Namda  ''f  f  ^ 
granules  of  a  yellowish-brown  and  violet  coloui',  either  coUected  into  hea^s 
or  scattered  through  the  interior.  On  the  imder  smface,  neai'  the  anus  is 
lar^^^^^^^^^  -ss,  and  at  the  oPPO-^e  e«  a  si^ar  smaUer 
one  which  hive  been  described  by  Ehrenberg  as  bihary  glands  (X^A  111.  11, 
12)'.  If  they  are  not  particles  of  vegetable-coloured  ^o^^ -leered  in  hue^^^^ 
the  process  of  digestion  or  solution,  they  may,  says  Cohn,  be  considered 
analogous  to  the  fhlorophyU-corpuscles  of  Paran.ec.u.n  (Lo.^l^ 
of  S^irostomum,  or  of  .Vorticella  viridrs,  and  a  special  foim  «f 
mntter  The  coUection  of  the  coloured  mass  about  the  anus,  and  its  dis- 
Tari  intiie  sCe  of  U^^^  particles-facts  noticed  by  Ehrenberg-mdicate 
i?s  natSe  to  be  Wete  and  eLcrementitious.  Yet  it  is  not  the  mere  c-de 
joints  of  Osoillatoria,  as  Stein  supposed,  but  matter  which  has  been  digested. 
The  heap  about  the  neck  is  by  no  means  constant. 

CoNTEACTiLE  VESiCLE.-Pa5sing  uow  to  thc  couteuts  of  the  _C^^^^ 

the  contractile  vesicle  or  space  first  arrests  oui-  attentiom  ^^aite^^^ 
caUit  simply  the  '  vesimla  ; '  but  tHs  word,  without  the  adjunct  "  contiactde 
to  paiSarize  it,  seems  insufiicient,  especiaUy  when  the  Latin  language  is 

This  otanlf  S  W^^^    occuiTence  among  the  CHiata  ;  it  is  mostly  single  ; 

but  ii  a  few  instances  two  and  even  three  such,  mostly  of  unequal  nia?iiitude^ 

occur     It  did  not  escape  the  notice  of  Ehrenberg,  who  has  figui-ed  it  m  aU 

Jwates  of  hese  beings.    It  occurs  as  a  clear,  hoUow,  mostly  rounded  space 

£  the  rir  £  precLe  position  cUffering  in  different  species.    It  is  a^wa^ 

Snood  in  m  c  osely  connected  with,  the  cortical  or  contractde  lannna,  and  s 
placed  in  01  cioseiy  ^^^^  species  it 

t^t^l^l^^^^^^^^^  -d  in  veiy  close  relation  with  the 
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mouth  or  alimentaiy  tube:  thus  in  Ophnjoglena,  Bursaria,  Operculana, 
Epistylis,  and  Zootliamnium  it  lies  close  upon  the  vestibulum  within,  or 
almost  within,  the  region  of  the  cihaay  wi-eath  (XXVII.  16;  XXX.  9-11) ; 
in  Vorticella  and  Vaginicola  it  is  placed  against  the  upper  part  of  the  ali- 
mentary tube,  and  in  Tricliodina,  Nassula,  and  many  others,  near  it  at  its 
termination  (XXX.  5,  6,  17;  XXIX.  4).  Exceptions  to  this  position  are 
met  with  in  Colefs  and  Colpoda  (XXIX.  35-37),  where  it  occupies  the 
posterior  extremity,  placed  veiy  close  to  the  external  surface.  When  two 
vesicles  exist,  they  are  often  placed  on  opposite  sides  of  the  body,  the  one 
more  or  less  anterior  to  the  other,  as  seen  in  Paramecium  (XXIX.  29,  30). 
In  Chilodon  Oucullidus  a  third  is  sometimes  seen  near  the  posterior  extremity 
(XXIX.  48). 

On  watching  these  clear  spaces,  they  axe  observed  to  disappear  for  a  few 
moments  and  again  to  reappeai' — in  other  words,  to  exhibit  rhythmical  con- 
tractions, a  feature  which  distinguishes  them  from  any  other  vesicular  spaces. 
The  contraction  is  known  as  the  '  systole,'  the  re-expansion  as  the  '  diastole ; ' 
these  movements  may  be  either  regular  or  ii-regular,  and  they  differ  in  dura- 
tion in  different  species.  Perty  states  that  the  pulsations  in  StylonycJiia 
pustidata  occupy  from  six  to  seven  seconds  :  in  Spirochona  and  Colpoda  they 
are  more  prolonged ;  indeed,  as  Stein  aflirms,  they  are  slower  in  the  former 
genus  than  in  any  other  animalcule  he  has  examined.  When  more  than  one 
vesicle  is  present,  no  uniformity  in  the  order  of  their  movements  has  hitherto 
been  proved,  although  Siebold  beHeves  they  must  foUow  some  rule.  As  evi- 
dence of  the  independence  of  the  vesicle  of  the  general  contents  of  the  body, 
Lachmann  records  {A.  N.  H.  1857,  six.  p.  126)  the  fact  that,  even  after  the 
contents  of  an  animalcule  have  been  sucked  out  by  an  Acineta,  the  vesicle 
lodged  in  the  stUl  present  and  contractile  layer  may  continue  to  pulsate  for 
several  houi's. 

With  regard  to  the  number  of  these  vesicles  in  particular  species,  much 
discrepancy  has  existed  among  observers.  Siebold  affirms  that  Ehi-enberg  has 
proceeded  in  a  purely  arbitrary  manner  in  caUing  one  a  contractile  or  sper- 
matic sac,  and  others,  indistinguishable  from  it,  gastric  cells,  and  quotes  in 
illustration  the  BerHn  Professor's  description  of  the  vesicles  of  AmpUleptus 
meleagris  and  of  A.  longicollis.  To  this  objection  Eckhard  rejoined  by  assert- 
ing that  Ehi-enberg  was  guided  in  determining  the  nature  of  vesicles  by  cer- 
tain appreciable  differences  in  the  character  and  contractions  of  different  sacs, 
and  that  Siebold  had  erroneously  represented  lateral  abdominal  vesicles  in 
Stentor,  and  an  elongated  one  in  Spirostomum  amhiguum.  In  this,  however 
he  was  wrong,  for  the  description  of  Siebold  has  been  confirmed  by  Lachmann 
and  others  (XXIX.  7) ;  and  on  the  other  hand,  Ehrenberg  is  not  so  much  in 
error  respecting  the  numbers  of  these  vesicular  spaces  as  Siebold  was  led  to 
suppose. 

It  is,  indeed,  only  by  careful  and  repeated  observations  that  such  variations 
can  be  reconciled.  In  pronouncing  a  space  contractile,  a  sufficient  criterion 
seems  to  be  foimd  m  the  circumstance  of  a  lilce  organ  being  found  in  all 
specimens  of  the  same  animalcule,  constant  in  position,  and  rhji^hnical  in 
Its  movements  Gastnc  cavities  or  alimentary  vacuoles  may  coUapse  and 
disappear ;  but  this  movement  is  not  followed  by  renewed  acts  of  disappear- 
ance and  reappeai-ance  m  regular  succession,  and  in  the  same  spot ;  for  if  one 
such  vacuole  do  replace  another,  a  general  movement  onwards  in  the  coiu-se 
ot  the  mtemal  cyclosis  may  be  discovered.  Another  test  to  chstiuguish  a 
stomach-vesicle  fi-om  a  true  contractile  sac  may  be  found  in  the  use  of  colom-ed 
lood.  r^ow  that  the  special  contractile  sac  is  admitted  generally  to  be  mcrelv 
thc  central  organ  of  a  system  of  contractile  vessels  disposed  at  various  parte 
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of  the  body,  the  appearance  at  times  of  additional  vesicles,  and  consequently 
also  the  discrepancies  of  authors  as  to  the  numbers  present,  are  explicable 
by  supposing  the  accidental  dilatation  of  a  tube  here  and  there — as  a  vari- 
cose vessel, — ^the  dilatations  representing  for  the  time  additional  contractile 
spaces. 

This  explanation  occurred,  among  others,  to  Mr.  Carter.    Thus  he  remarks 
{A.  K  H.  1856,  xviii.  p.  128)  that  in  Ohilodon,  where  the  vesicle  is  normally 
single  and  near  one  extremity,  it  is  not  uncommon  to  meet,  amid  a  group  of 
these  animalcules,  various  individuals  presenting  a  variable  number  of  con- 
tractile vesicles  irregularly  dispersed  through  the  body,  vnthout  one  being  in 
the  true  position  of  the  '  vesicula.'    "  That,"  he  writes,  "  the  '  vesicula '  does 
make  its  appearance  now  and  then,  may  be  inferred,  as  it  perhaps  may  also 
be  inferred  that  from  over-irritability,  or  some  such  cause,  it  does  not  remam 
under  dilatation  long  enough  to  receive  the  contents  of  the  sinuses ;  and  hence 
their  accidental  dilatation,  and  the  appearaace  of  a  plurality  of  vesiculae." 
To  this  accidental  dilatation  of  vascular  channels  at  particular  points  may 
■  be  referred  the  50  to  60  regularly  placed  vesicles  described  by  Gegenbauer 
in  Trachelius,  the  12  to  16  mentioned  by  Siebold  and  Perty  in  AmjMeptns 
and  also  the  row  of  them  seen  along  the  side  of  Stentor.    In  this  last-named 
genus  there  is  a  cii'cular  canal  siu-rounding  the  head  or  ciliary  wreath,  which 
sends  off  a  branch  at  right  angles  along  the  side  to  nearly  its  posterior  end 
(XXIX.  7).    In  Spirostomum,  again,  a  long  contractile  channel  occupies  the 

length  of  the  body.  .     ,    ,  n  •     -u  ^ 

The  existence  of  a  second  vesicle  in  an  animalcule  normaUy  possessing  but 
one,  Ehrenberg  explained  by  supposing  an  act  of  fission  to  have  occurred 
prior  to  division  of  the  entii-e  being,— an  explanation  m  which  Mr.  Garter 
concurs.  But  if  Stein  be  right,  the  contractile  vesicle  does  not  undergo 
fission,  but  makes  its  appearance  in  the  newly-formed  talf  by  an  a^t  ot 
development  cU  novo.    In  tHs  statement  Wiegmann  concurs  (Perty  P  6d). 

Ehrenberg  concluded  the  contractUe  spaces  to  be  tnie  sacs,  limited  by  a 
definite  membrane,— a  conclusion  sanctioned  also  by  Siebold,  forasmuch  as, 
during  successive  contractions  and  dilatations,  the  vesicles  retam  the  same 
place,  figure,  and  number.    Mr.  Carter  supplies  direct  evidence  of  the  fact 
(ANH  1856  xviii.  p.  130),  having  observed  on  one  occasion  a  vesicle  re- 
main pendent  in  a  globular  form  to  the  buccal  cavity  of  a  Vorticella  "  when, 
by  the  decomposition  of  the  sarcode  and  the  evolution  of  a  swarm  of  rapidly- 
moving  monadic  particles,  these  two  organs,  with  the  cylindrical  nucleus  or 
gland,  though  stm  sHghtly  adhering  to  each  other,  were  so  dissected  out  as 
to  be  nearly  separate ;  and  thus  yielding  in  position  fi-om  time  to  time,  as  they 
were  stmck  by  the  Uttle  particles,  their  forms  and  relative  positions  respect- 
ively became  pai-ticularly  evident."    Moreover,  Lachmann  {A.  iV  M.  i»o/ 
xix.  p.  226)  argues  at  length  in  favoui-  of  the  true  vesiciUar  character  of 
contractile  spaces.     Thus  he  remarks-"  The  mode  of  contmction  whicli 
differs  from  the  other  contractUe  phenomena  of , the  parenchyma  of  the  body, 
appears  to  speak  decidedly  in  favour-  of  the  vesicular  nature  of  the  contractile 
space     The  cu-cumstance  that,  before  its  complete  expansion,  it  ti-equently 
appears  to  be  divided  mto  two  or  thi-ee,  is  not  opposed  to  this,  as  a  vesicle 
mav  very  weU  be  constricted  into  two  or  more  parts  by  the  partial  contrac- 
tion of  annular  portions,  or  by  stiictiu-es.    Some  other  facts  appear  to  be  in 
favour  of  the  vesicular  natiire  of  the  contractUe  space,  such  as  the  ph^eno'^^"^'^ 
presented  by  Spirostomum  amhicjuum,  ali-eady  referred  to,  m  which  balls  of 
Screment  pass  to  the  anus  between  the  contractUe  space  and  the  outer  skm 
rSranimTand,  although  often  arching  the  waU  of  the  contractUe  space 
into  a  semS^^^  yet  never  break  through  into  it.    In  AcUnophrys,  the 
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supposition  that  there  is  a  membranous  boundary,  at  least  on  the  outside  of 
the  contractile  vesicle,  can  hardly  be  rejected,  as  its  wall,  which  is  situated 
on  the  outermost  surface  of  the  body,  must  burst  at  the  moment  of  greatest 
expansion,  if  it  were  only  composed  of  the  gelatiuous  parenchyma  of  the 
body." 

Still  the  contrary  opinion,  viz,  that  the  contractile  spaces  are  mere  vacuoles 
in  the  substance  of  the  interior,  without  a  limiting  membrane,  has  found  able 
supporters  in  Meyen,  Dujardin,  Stein,  and  Perty.  The  first-named  writer 
compares  them  to  the  changing  vacuoles  which  spontaneously  generate  in 
the  vegetable  protoplasm  of  plant-ceUs,  by  an  inherent  property  or  process 
known  as  that  of  vacuolation,  and  which  is  equally  a  phenomenon  of  simple 
animal  protoplasm  or  conti-actile  tissue.  Indeed,  there  is  no  doubt  that  clear 
hollow  spaces  or  vacuoles  may  appear  and  disappear  within  the  substance  of 
Protozoa,  and  that  some  of  those  remarked  by  Dujardin,  Siebold,  and  others 
immediately  beneath  the  integument  were  of  this  number ;  yet  such  vacuoles 
want  the  constancy  in  position,  figure,  and  pulsating  power  belongrag  to  true 
contractile  sacs.  Besides,  as  we  shall  presently  see,  the  evident  ramifications 
or  canalicuh  of  many  contractile  vesicles  among  the  CiHata  aiford  further 
grounds  for  distinguishing  between  these  and  mere  vacuoles,  which,  as  far  as 
we  are  aware,  never  have  such  ofifehoots. 

Another  questionable  poiut  among  observers  is,  whether  any  communica- 
tion exists  between  the  cavity  of  the  contractile  vesicle  and  the  free  surface 
near  to  which  it  is  placed.  The  majority  concur  in  the  negative ;  but  several, 
among  whom  are  Oscar  Schmidt  {Fh-oriep's  Notiz.,  1849,  vol.  ix. ;  Lehrbuch 
der  Vergleichend.  Aruitomie,  1853),  Mr.  Gray  (Silliman's  Journ.  1853),  Mr. 
Eood  (Silliman's  Journ.  1853,  p.  70),  and  Mr.  Carter,  are  of  opinion  that  a 
direct  commimication,  between  the  fluid  contents  of  the  vesicle  and  the  watery 
medium  bathing  the  external  surface,  is  established  by  means  of  foramina  in 
the  walls.  On  this  question  Lachmann  remarks  (op.  cit.  p.  227) — "  In  many 
Infusoria  we  see  one  or  more  pale  spots  upon  the  contractile  vesicle,  which 
may  easily  be  mistaken  for  orifices,  but  on  closer  examination  prove  to  be 
only  thin  spots  in  the  parenchyma  of  the  body  and  the  skin,  by  which  the 
action  of  the  external  water  upon  the  contents  of  the  vascular  system  is 
certainly  facilitated,  so  that  they  probably  sei-ve  for  respiratory  pui-poses. 
These  round  clear  spots  are  particularly  numerous  upon  the  contractile  space 
of  Spirostomum  ambiguum."  The  admission  or  the  denial  of  such  a  commu- 
nication will  very  much  affect  the  opinion  held  concerning  the  natui-e  of  the 
ofiice  performed  by  the  vesicle,  to  which  we  shall  immediately  advert. 

The  superficial  vesicles  or  vacuoles  before  alluded  to,  considered  by  Dujardin 
of  the  same  natiire  as  the  contractile  vesicle  itself,  have  not  been  sufficiently 
examined  and  defined  of  late  to  warrant  a  conclusion  as  to  their  real  cha- 
racter :  yet  probably  some  of  those  spaces  are  no  more  than  mere  vacuolfe, 
whilst  others  are  dilatations  of  the  channels  of  the  ramified  vascular  system. 
Mr.  Carter  would  in  general  assign  to  them  the  latter  character.  However," 
we  behove  that  many  of  those  which  have  attracted  attention  have  been 
isolated  vesicles,  developed  fi-om  time  time,  and  to  be  concerned  in  securing 
a  more  perfect  aeration  of  the  contained  fluid.  Siebold,  indeed,  went  so  far- 
as  to  presume  they  opened  upon  the  external  surface,  and  brought  their  con- 
tents mto  relation  with  the  surrounding  Avater. 

In  figiire,  contractile  spaces  are,  for  the  most  part,  round  or  somewhat 
oval,  and  as  to  size  stand  in  no  chi-ect  relation  with  that  of  the  animalcules 
they  appcrtam  to.  Examples  of  the  prcvaiUng  figiu-e  are  seen  in  Ophn/dium, 
Zoot/mmnium,  OJnlodon,  Colpoda,  Trichodina,  &c.  Even  in  some  of  these  appa- 
rentiy  simple  globular  sacs,  Mr.  Carter  discovered  a  series  of  spherical  sinuses 
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sm-rounding  and  communicating  directly  with  them.  These  accessoiy  vesicles, 
he  teUs  us  (op.  cit.  p.  130),  are,  "  under  exhaustion  of  the  animalcule  from 
various  causes,  so  distended,  and  thus  so  approximated,  as  to  assume  the 
appearance  of  an  areolar  structure  immediately  in  contact  mth  the  vesicula. 
Each  globular  sinus  would,  however,  appear  to  be  the  proximal  or  largest  of 
a  concatenation  of  smaller  ones,  which  diminish  in  size  with  their  distance 
from  the  vesicula."  This  account  tallies  with  that  recorded  by  Mi-.  Samuelson 
(J.  M.  S.  1857,  p.  104),  respecting  the  single  globular  vesicle  of  Gla-ucoina 
scintiUans,  which  "when  it  contracts  forces  the  fluid  into  others  which 
appear  temporarily  formed  around  it ;  "  and  these,  by  contracting  in  their  turn, 
refill  the  central  vesicle. 

Besides  the  seemingly  simple  spherical  vesicles,  there  are  others  that  pre- 
sent evident  branches  and  a  different  figure.  Such,  for  instance,  are  the 
elongated  vascular  canal  of  Spirostomum,  and  the  annular  canal  with  its  row 
of  vesicles  down  the  side,— which  seem  capable  of  coalescing  into  a  continuous 
channel,  seen  in  Stent07'  (XXIX.  7).  In  Paramecium  Aurelia  (XXy.  329), 
each  contractile  vesicle  assumes  a  stellate  form,  owing  to  the  radiatmg  pro- 
cesses it  sends  off  on  aU  sides,  and  which  Eckhard  represented  as  prolonged 
through  the  body  by  interrupted  channels.  It  is  from  the  study  of  this 
ParameGmm  especiaUy,  that  observers  have  generaUy  arrived  at  the  belief  m 
the  existence  of  vascular  canals  in  the  Ciliata,  connected  with  the  contractile 
vesicle  as  a  central  organ.  That  there  exists  a  vascular  system  more  or  less 
distributed  through  the  body,  most  recent  microscopists  are  in  accord:  we 
may  mention  Lieberkiihn,  Lachmann,  Mr.  Carter,  Professor  Busk,  and  Mr. 

Samuelson.  .        .,i  a 

As  this  apparatus  will  be  best  considered  in  connexion  with  its  assigned 
functions,  we  shall  speak  of  them  together,  premising  our  account  vnth  the 
history  of  Ehrenberg's  conjectures  on  the  natiu-e  and  function  oi  the  con- 
tractile vesicle.    This  distinguished  natiiralist  was  led  by  his  hypothesis  ot 
organization  to  seek  for  each  of  the  organs  of  higher  animals  a  parallel  or 
analogue  in  the  Infusoria ;  and  one  of  the  most  cimous  analogies  he  hit  upon 
was  that  of  the  contractile  sac  with  the  spermatic  vesicle.    In  this  office  he 
renresented  the  vesicle  as  receiving  from  the  testis  (nucleiis)  a  reproductive 
fluid  which  it  again  ejected  among  the  ova  (granules,  alimentaiy  vesicles, 
&c^'occupYing  the  interior  of  the  animalcule.    In  this  peculiar  notion 
Ehrenberg  has  met  with  few  disciples  :  for,  as  Siebold  has  justly  objected,  it 
is  a  perfectly  gratuitous  hypothesis,  without  analogy  in  the  animal  langdom ; 
for  in  no  ai^mal  is  such  a  thing  seen  as  an  incessant  projection  of  seminal 
fluid  into  the  interior  ;  and  fui-ther,  both  the  natiu'e  of  the  nucleus  as  a  testis 
or  secretory  organ  of  spermatic  fluid,  and  the  existence  of  recipient  ova,  are 
at  best  very  doubtful  hypotheses.  ,  . 

The  opinions  now  ii  vogue  concerning  the  function  of  the  contractile 
vesicle  and  of  its  prolongations  or  processes  are  that  it  is  either  (1)  a  water- 
vascular  and  respiratory  system,  homologous  with  that  of  the  Rotatoria, 
homologous  with  a  blood-vascular  system,  or  (3)  an  excretoiy  appa- 
ratus The  fli-st  conjecture  presupposes  a  dii'ect  communication  between  the 
fluid  in  this  vascular  system  and  the  sui-rounding  aqueous  medium  ;  by  tlie 
second  no  such  direct  communication  need  bo  presumed  ;  the  third  view  is 
esneciaUv  supported  by  Mr.  Carter,  Bergmann,  and  Leuckhart. 

?n  his  notions  concerning  the  organization  and  function  of  the  contractile 
vesicle  Stein  differs  from  most  other  recent  investigators.  As  we  have 
Xadv  seen  he  denies  a  limiting  membrane  to  the  vesicle ;  he,  moreover, 
already  seen  ne  existence  of  outlets,  nor  m  the 

::;i^S^y  puSl"^^^^^^^^^     to  it  by  SieboW  and  0.  Schmidt.    He  is  even 
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doubtful  of  the  stellate  stractuve,  as  an  actual  fact,  in  the  Paramecia  ;  for  in 
P.  Bursaria,  in  Nassula,  and  other  animalcules  this  apparent  structure  may 
be,  he  beUeves,  produced  at  mil  by  the  exercise  of  slight  pressiu'e,  as  by  that 
of  the  thin  glass-cover  upon  the  object,  when  the  diastole  of  the  vesicle  is 
incomplete.  Again,  he  objects  against  the  supposed  water-vascular  system 
and  its  respii-atory  office,  that,  in  comparison  to  the  large  ciliated  pharynx, 
witliin  which  a  fi-esh  supply  of  water  is  perpetually  introduced,  and  through 
whose  dehcate  walls  a  respii-atory  act  may  be  readily  conceived  to  take  place, 
the  small  contractile  space  commonly  appended  to  it  appears  of  inconsider- 
able importance  as  an  aerating  organ.  Purther,  he  cannot  conceive  the 
necessity  of  a  respii-atory  apparatus  in  any  animalcule  which  lives  surrounded 
on  aU  sides  by  water,  besides  receiving  it  incessantly  within  its  interior,  and 
which  can  therefore  so  readily  absorb  its  oxygen  through  its  delicate  tissues. 
Another  fact  adverse  to  this  assigned  function  is,  that  the  vesicles  of  embiyos, 
whilst  stm  within  the  parent,  are  seen  in  fall  activity,  although  in  that  posi- 
tion no  renewed  supply  of  fresh  water  is  affijrded  them. 

These  objections  of  Stein  lessen  upon  consideration :  thus  his  opinion  that 
the  vesicle  is  a  mere  vacuole,  that  its  radiating  canals  are  probably  accidental 
appearances,  and  his  ignoring  the  existence  of  a  set  of  vascular  channels 
through  the  interior,  are  set  aside  by  the  direct  observations  of  several 
naturalists  to  the  contrary.  So,  although  his  arg-uments,  generally,  agarast 
the  presence  of  a  special  respiratory  aijparatus  are  not  without  force,  yet  the 
remark  that  he  can  conceive  no  need  of  such  an  apparatus  in  animalcules  so 
circumstanced  as  the  CUiata  is  worthless  as  an  argument ;  for  ia  all  such 
inquiries  iato  the  phenomena  of  life  we  are  not  to  suppose  an  organization 
and  then  to  find  it,  but,  on  the  contrary,  to  discover  facts,  and  then,  if  possi- 
ble, to  detei-mine  on  their  nature. 

That  the  contractile  vesicle  and  its  connected  channels  do  not  constitute  a 
water- vascular  and  respiratory  system,  is  also  the  opinion  of  Lachmann  and 
Carter.  The  former  able  obsei-ver  has  confirmed  and  extended  our  previous 
knowledge  of  the  vascular  apparatus,  and  thus  conveys  his  researches  and 
opinions  (op.  cit.  p.  224)  :— "  When  the  contractile  space  (of  Paramecium 
Aurelia)  is  fdl  and  wide  open,  the  rays  can  only  be  observed  as  fine  lines,  or, 
when  the  hght  is  not  good,  are  entirely  imperceptible ;  by  the  sudden  eon- 
traction  of  the  space,  however,  they  instantly  swell  into  a  pyiiform  com- 
mencement close  to  the  position  of  the  contractile  vesicle  which  has  disap- 
peared. "With  favourable  illumination,  when  the  animals  possess  the  proper 
degree  of  transparency,  the  rays  may  be  traced  in  Paramecium  Aurelia  across 
the  half  of  the  animal,  and  we  may  sometimes  perceive  a  bifarcation  of  one 
or  other  of  them.  During  the  slow  reappearance  of  the  contractile  space, 
the  rays  gradually  decrease ;  and  they  have  almost  entirely  disappeared,  or 
become  reduced  to  fine  lines,  when  the  vesicle  has  attained  its  fuU  extension. 
These  rays,  as  well  as  the  contractile  spaces,  lie,  as  in  aU  Infusoria,  close 
under  the  skin  ('  cuticula '  of  Cohn),  in  the  parenchyma  of  the  body  ('  corti- 
cal layer '  or  '  ceU-membrane  '  of  Cohn). 

Vorticellm  we  also  find  processes  going  off  from  the  contractile 
vesicle  (Ehrenberg  even  states  that  he  has  frequently  seen  the  contractile 
vesicle  of  Carchesium  polypinum  lobate  or  almost  radiate)  ;  of  these  I  liave 
been  able  to  trace  one  particularly,  in  V.  nehulifera,  V.  Oampanula,  and  Carche- 
s-mmpolypinum,  up  to  close  beneath  the  skiii  of  the  cihary  disk;  this,  when 
seen  from  above,  exhibited  a  longish  section.  From  this  a  fine  branch  appeai-s 
to  run,  on  the  upper  waU  of  the  vestibulum,  transversely  across  this  to  the 
otner  sicle ;  at  least,  I  have  seen  a  thin  process  hanging  down  Hke  a  short 
curtam  mto  the  vestibulum  from  the  side  turned  towards  the  ciHary  disk, 
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which  sweUed  up  when  the  above-mentioned  process  became  enlarged  in  con- 
sequence of  the  contraction  of  the  vesicle. 

^'InDendrosoma  radians  (Ehr.),  a  fine  vessel  runs  through  the  whole 
leneth  of  the  body,  and  sends  branches  into  its  ramifications  •  it  is  fiimished 
with  a  number  of  contractile  spaces,  partly  in  the  stem  and  partly  in  the 

^^Th?  processes  of  the  contractile  space  are  seen  with  remarkable  distinct- 
ness in  the  large  Stentor  polymorphus  (including  fif.  BoeseU  and^.  Mullen),  m 
Xh  a  very  considerable  portion  of  a  vascular  system  may  be  recognized. 
The  large  contractile  space  Ues  a  little  to  the  left  of  the  oesophagus,  near  the 
plane  of  the  ciliary  disk.    From  it  a  longitiidinal  vesse  runs  to  the  posterior 
extremity  of  the  idmal,  and  an  annular  vessel  round  the  cihaiy  disk  (S<«-n) 
clfse  Sr  its  series  of  cilia.    Both  these  are  visible  even  dunng  the  expan- 
s  on  of  the  contractile  vesicle,  but  sweH  up  suddenly  like  the  vessels  of  the 
above-mentioned  Infusoria  during  its  contraction:  at  this  time  the  longitu- 
M  vessel  usuaHy  exhibits  considerable  dilatations  wh,ch,  when  supe^- 
daUv  examined,  may  easHy  be  taken  for  independent,  disumted  cavities 
(vSoS)     Th^  ann^ar  vessel  exhibits  a  more  uniform  lurnen ;  only  two 
Ssh  dilatations  make  their  appearance  in  it-one  close  to  the  ani^  on  the 
W  side  of  the  animal,  and  the  other  close  to  the  oesophagus  on  the  ventral 
See    Both  vessels  gradually  decrease  duiing  the  reappearance  of  tiie  con- 
Wtile  veside  appai-ently  without  any  contraction  of  their  own  m  the  same 
™  ie  t  s^eronhe  lararnecia.    The  longitiidinal  vessel  of  the  Stent^s 
rZa  siiS^ar  ouei.  Spirosiomu.^  amUguur.,  were  ^^^^^^l^'^  S^^" 
bold  whilst  their  existence  has  been  erroneously  denied  l^/.^^^lja^^- 

"  Alwe  thus  find  a  vascular  system  in  the  Stentors,  and  m  other  Infusona 
reco^nil  the  parts  lying  nearest  to  the  centre  (the  contiWe  «Paee) /o^^" 
tos  easiy  and  soSnes  with  difficulty,  we  may  certainly  conclude  that 
S  a  system  exists  in  all  Infusoria  which  possess  a  contiWe  space  e^ 

V  !  Jr^iects  the  idea  of  its  being  a  water-vascular  system,  as    ^  e  do  not 
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for  instance,  he  thinks  ho  has  made  out  the  existence  of  apertures  opening 
on  the  free  surface  whether  of  the  alimentaiy  tube  or  of  the  general  integu- 
ment, close  to  one  or  other  of  which  he  always  finds  the  vesicle  ;  and,  with 
this  view  of  the  structure,  he  connects  the  function  of  an  excretory  organ 
with  the  sac  in  question. 

To  support  this  view  respecting  the  office  of  the  contractile  vesicle,  he  ad- 
vances the  foUowiag  observations  (op.  cit.  p.  126)  : — "  1st.  It  is  always  seen 
either  close  to  the  pellicula  or  close  to  the  buccal  cavity,  and  always  sta- 
tionaiy.  Thus,  in  Paramecium  Aurelia  it  is  close  to  the  surface,  and  although 
it,  of  course,  passes  out  of  view  as  the  animalcule  turns  on  its  long  axis,  yet 
it  always  reappears,  after  contraction,  in  the  same  place, — while  in  Vorticella 
it  is  attached  to  the  buccal  cavity,  and,  being  eentricaUy  situated,  seldom 
passes  out  of  view,  except  when  it  disappears  under  contraction,  after  which 
it  also  reappears  in  the  same  place. 

"  2nd.  In  Actinophrys  Sol  and  other  Amcebai,  during  the  act  of  dilatation, 
the  vesicula  projects  far  above  the  level  of  the  pellicula,  even  so  much  so  as 
occasionally  to  form  an  elongated,  transparent,  mammilliform  eminence, 
which,  at  the  moment  of  contraction,  subsides  precisely  like  a  blister  of  some 
soft  tenacious  substance  that  has  just  been  pricked  with  a  pin. 

"  3rd.  Lastly,  when  we  watch  the  contraction  of  the  vesicula  in  a  recently 
encysted  Vorticella,  we  observe  that  at  the  same  moment  that  it  contracts 
the  buccal  cavity  becomes  filled  with  fluid,  and,  further,  that  this  fluid  dis- 
appears from  the  buccal  cavity,  and  all  trace  of  the  latter  with  it,  long  before 
the  vesicula  reappears, — thus  proving  at  once  that  the  fluid  comes  from  the 
vesicula,  and  does  not  return  to  it,  whatever  may  become  of  it  afterwards. 

The  position  of  this  organ,  then,  its  manner  of  contracting,  and  the  buccal 
cavity  of  encysted  Vorticella  becoming  fiUed  with  fluid  the  moment  it  disap- 
pears (where  we  know  it  to  be  attached  to  the  buccal  cavity,  and  not  to  the 
pellicula),  are  almost  conclusive  of  its  excretory  office." 

Adopting  SpaUanzani's  observation  (which,  however,  wants  confirmation  to 
estabhsh  it  as  the  rule)  that  the  fusiform  sinuses  of  Paramecium  Aurelia  be- 
come empty  as  the  vesicle  fills,  and  do  not  reappear  until  some  time  after  it 
has  contracted,  he  infers  "  that  the  fluid  with  which  the  vesicula  is  distended 
comes  thi'ough  the  sinuses,  but  is  not  returned  by  them  to  the  body  of  the 
Paramecium." 

"  Now  in  some  cases,"  he  continues,  "  faint  hyaline  or  transparent  lines 
may  be  seen  to  extend  outwards  from  each  of  these  sinuses,  which  lines 
Eckhard  has  stated,  '  traverse  the  body  in  a  steUate  manner.'  Hence  when 
we  add  Eckhard's  evidence  (which  I  have  been  able  to  conflrm  in  a  wav  that 
will  be  presently  described)  to  the  obsei-vation  of  SpaUanzani,  and  connect 
this  with  the  facts  already  adduced  in  favour  of  the  excretoiy  office  of  the 
vesicula,  it  does  not  seem  unreasonable  to  conclude  that  the  whole  together 
loi-ms  an  excretoij  vascular  system,  in  which  the  vesicula  is  the  chief  recep- 
tacle and  organ  of  expulsion.  ^ 

I  '^'^  ^^^^^-al  occasions  not  only  ob- 
served that  the  yesiculEe  were  respectively  surroimded  by  from  seven  to 

from  them  m  the  manner  described  by  Ecldiard,  but  I  further  observed  that 

S^^essio^Swr  f?'  fr^q^'^ntly  I  could  trace  as  many  ^  three 
^tTSTuhClf  ^^  ^'^^i^^^-    Hence  I  am  iLhned  to 

S  suc^siiurprn^'^'/.T*ru^^^"°^8'^^^^  «r       ^^^^P^^^^  «f  chains 

tL  vesicur  W  'r  "^.^"^'^  "^'''^  ^^'^  contractile  power  like  that  of 
the  vesicula.  Just  precedmg  death,  when  Paraviecixcm  Aurelia  is  compressed 
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and  under  other  favourable  circumstances,  these  sinuses  run  into  continuous 
hyaline  lines,  and  may  not  only  be  seen  extending  in  a  radiated  vascular 
form  across  the  animalcule,  but  even  branching  out  round  the  position  ot  the 
vesicula  which,  having  now  become  permanently  contracted,  has  thus  poured 
back  the  contents  which  render  them  visible.    They  enter  the  lower  or  inner 
Dart  of  the  organ,  and  at  this  point,  therefore,  are  pushed  inward  as  the  vesi- 
cula becomes  distended.   Under  the  same  circumstances,  also,  when  the  vesi- 
cula is  slowly  dilating  and  contracting,  it  may  be  seen  to  be  attached  to  a 
small  papiUa  on  the  sui-face,  about  twice  the  diameter  of  ^liose  which  sur- 
mount the  trichocysts,  and  through  which  it  probably  empties  itseK_(XX  Vili. 
25^    In  Otostoma  there  appears  to  be  a  simHar  arrangement  of  vesicles  round 
each  vesicula;  and  here  also  they  seemed  to  me  to  be  branched-at  least 
such  was  my  impression  after  having  watched  this  animalcule  for  a  long  time 
in  order  to  determine  the  point."  .,  ,r   ^,   ^  i  i 

-  Of  the  use  of  the  vesicula  and  its  vascular  system,"  Mr.  Carter  concludes, 
"  we  are  at  present  ignorant,  fui-ther  than  that  its  _  functions  are  excretory ; 
anTwhen  we  observe  the  quantity  of  water  that  is  taken  into  the  sarcode 
S  the  food,  and  tiy  to  account  for  its  disappearance,  it  does  not  seem 
Crobable  tb^^^  and  its  vessels  should  be  chiefly  coneemed  m 

to  office.  Another  seiwice,  however,  which  it  performs,  is  to  bui-st  he 
spherical  membranes  of  Vorticellce  and  Pla^scomcB  when  they  want  to  return 
to  active  Se  after  having  become  encysted:  tHs  it  effects  by  repeated  dis- 
tendor^til  the  lacerated  cyst  gives  way  sufficiently  for  the  ammalcule  to 

Should  it  have  any  other  uses,  they  are  probably  similar  to  those  of  the 

'  Tn^™lf t^^r^^^^^^^^  «P-s,  excepting  those  produced 

bv  the  deglutition  of  food,  belong  to  tHs  excretory  ^7^^^  of  contractile  si- 
bytneae^iuub       <,n„i.tainlv  where  there  is  a  plurality  of  actively-con- 

tractin^  vesic  e  i   attribute  this  to  a  kmd  of  over-irntabihty  or 

f  ^aUe  to  SeW  Xlf 'of  it«  content, :  this  I  have  often  seen  occur  nnder 
'S^t^^^^'^^  °'^t3 

irroTrpioiSh»^^ 

^™  fer  dias^rams  to  exact"  delineations  after  nature),  the  impression 
forces  SfupoTS  mind,  that  he  has  many  times  mistaken  the  commeno^ 
f  if  dVucnce  and,  in  some  instances,  vacuolation  resisting  from  the 
ment  of  ^^'^^^to  the  tissues,  for  the  manifestation  of  sinuses  about 
entrance  ™  ^  or  scattered  over  the  body  in  connexion  with  it. 
the  contractile  vesicle  °  several  vesicles  this  naturahst  saw  in 

l^Zl  n"S  vaSously  and  irregularly  dispersed,  in  different  spe- 
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cimens  of  Ghilodon  Cuculluhis,  to  one  or  other  or  to  both  of  the  conditions  we 
have  mentioned,  than  to  the  purely  hypothetical  notion  of  the  presence  of  a 
state  of  "  ovor-irritabiHty "  in  a  presumed  vascular  network.  It  is  here 
worth  calling  to  mind  Stein's  belief  that  gentle  pressure  may  give  rise  to  a 
stellate  or  branched  appearance  of  the  vesicle,  and  that  the  conflicting  ac- 
counts between  Ehrenberg  and  Focke  are  reconcUeable  on  the  supposition 
of  this  occurrence  (Stein,  p.  240). 

"With  reference  to  the  hypothesis  that  the  vascidar  apparatus  is  only  ex- 
cretory in  function,  we  may  remark  that  the  exercise  of  such  an  office  is  no 
bar  to  that  of  a  respu'atory  function,  since  the  latter  is  in  itself  in  part  an 
excretory  process,  and  among  the  lower  Invertebrata  many  examples  might 
be  cited  where  one  and  the  same  mechanism  is  equally  respii'atory  and  ex- 
cretory in  purpose. 

We  may  add  that  Mr.  Samuelson  {J.  M.  8.  1857,  p.  105)  agrees  with 
Lachmann  in  attributing  to  the  contractile  vesicle  a  cardiac  nature,  and  sup- 
plies the  following  particulars : — "  In  Paramedum  caudatwm  a  species  of 
Amphileptiis,  a  freed  Vorticella,  &c.,  I  have  frequently  and  clearly  traced 
the  canals  that  empty  themselves  iato  the  contractile  vesicle.  In  the  second- 
named  species  these  canals  were  very  perceptible  ;  they  proceeded  along  the 
edge  of  the  body  where  the  cUia  were  the  most  active  (also  probably  because 
there  the  current  of  fresh  water  woidd  be  constantly  renewed),  and,  at  the 
embouchure  into  the  central  vesicle,  swelled  into  a  bulb-shape.  In  the  Vor- 
ticella, the  contractile  vesicle  had  a  canal  which  either  communicated  with  the 
external  surface  through  the  oral  aperture,  or  passed  round  the  oral  wreath. 
I  was  inclined  to  beheve  the  latter  to  be  the  case  (perhaps  my  bias  may  have 
influenced  the  observation). 

"  In  certain  Infiisoria  there  appears  to  be  a  more  active  vital  power  than 

in  others.    Thus  in  Glaucoma  (especially  such  as  are  probably  larval 

forms),  the  conti-actile  vesicle  appears  to  have  the  power  only  to  form  a  row 
of  auxiliary^  vesicles  around  it,  whilst  in  Amphileptus  (which  approaches  the 
Planarians  in  its  character),  the  Setifera  or  bristle-bearers,  and  other  types 
it  is  more  powerful,  and  the  fluid  is  ejected  with  sufficient  force  to  work  its 
way  into  the  body,  and  form  canals  or  arteries,  however  primitive  they  may 
be.  The  progressive  vitality  I  have  often  noticed  in  the  same  form  at  dif- 
ferent stages  of  its  growth." 

On  a  survey  of  the  facts  and  opinions  now  passed  in  review,  it  seems  to  us 
that  the  contractile  vesicle  is  a  closed  sac  representing  a  central  circulatory 
organ  or  heart  in  its  most  nidimentary  condition  ;  that  this  cardiac  sac  pro- 
pels its  contents  through  a  more  or  less  complex  system  of  channels,  probably 
walled,  extended  through  the  cortical  lamina  of  the  body ;  that  the  contents 
represent  a  chyle  or  blood,  formed  by  the  process  of  digestion,  and  absorbed 
by  the  vessels ;  that  this  chyle  is  exposed  in  the  cardiac  pulsating  vesicle 
especially,  and  m  the  ramified  channels  less,  to  the  indirect  action  of  the  water 
incessantly  introduced  within  the  body,  or  constantly  siUTounding  it  exter- 
nally, and  thereby  becomes  aerated,  and  consequently  in  aU  probability  fur- 
ther elaborated  ;  lastly  that  the  perfected  chyle  is  cii-culated  through  its 
channeLs,  and  brought  by  them  into  the  immediate  vicinity  of  the  tissue  in 
which  the  most  active  vital  changes  are  going  on,  and  which,  on  account  of 
Its  higher  differentiation,  especially  when  in  the  form  of  ciHa,  integiunent, 

fn';;.n'n^''f    t  ^'""^''^  °^  ™^tters  to  repaii-  its  waste  and 

to  provide  for  the  processes  of  growth  and  development  pe^etuaUy  proceed- 
ing m  it  or  m  its  appended  organs. 

Since  the  foregoing  review  of  the  structiire  and  functions  of  the  contractile 
vesicle  was  written,  Lieberkiihn's  valuable  contribution,  founded  on  original 
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researches  chiefly  conceming  Bursana  and  Ophryoglena,  have  come  into  our 
hands  (A  N  H  1856,  xviii.  p.  323).  Since  the  introduction  of  it  piecemeal 
in  oui-  hiJtory  of  the  organ  would  both  have  sacrificed  its  merits  as  an  onginal 
essay  and  have  disturbed  the  continuity  of  our  own  account,  we  have  deter- 
mined to  reproduce  it  here  as  a  supplement. 

After  describing  the  existence  of  two  vesicles  in  Ophryoglena  and  Burmna, 
one  near  the  mouth,  the  other  situated  posteriorly,  he  goes  on  to  say  that  il 
we  examine  a  Bursaria  flava  containing  only  the  smallest  forms  ot  the 
stiWy  refractive  granules,  "with  a  power  of  300  diameters,  we  perceive 
near  the  surface  a  quantity  of  Ught  streaks,  which  run  together  towards  the 
contractHe  vesicle  from  the  anterior  and  posterior  parts  of  the  body,  m  more 
or  less  considerable  cm-ves.    In  each  streak  we  detect  an  extremely  dehcate 
but  perfectly  distinct  canal,  terminating  ultimately  m  the  contractile  vesicle ; 
its  walls  and  its  contents  are  readily  distinguished  by  their  chfferent  refrac- 
tive power    When  one  of  these  canals  is  traced  backwards  fi;om  its  oiihce, 
we  may  often  perceive,  after  it  has  run  a  short  distance  a  rami^cation  :  tlu.s 
may  fi4uently  be  traced  to  one  of  the  extremities  of  the  body,  and  some- 
times it  gives  oif  another  branch  ;  ultimately  the  canals  become  so  excessively 
Me  that^hey  are  invisible.    Theii'  opening  into  the  vesicle  and  their  com-  e 
^  running  from  it  are  seen  very  distinctly  when        ^^^^'^^^^^ile  vesicle  is 
tiu-ned  dii^ectly  upwards  ;  we  may  then  recognise  how  the  J^^o^^^^ 
the  conta-actne  reservoirs,  which  Ue  veiy  close  to  the  surface  of  the  body,  and 
between  the  surfaces  of  the  body  inside  the  -^^^ance  ;  and  the  o^^ 

fices  mavHkewise  be  seen.  Another  remarkable  position  is  when  the  nucleus 
?s  t^ed  neSThe  observer  at  the  surface  of  the  body  ;  the  canals  axe  then 
seenTemarkably  clearly  on  its  bright  backgroimd.  A  few  canals  always  nm 
over  tatiy  ith  a  slight  cuiwatiu-e,  towards  the  postenor  part  of  the  mouth. 

aWciile^Hes  so  that  the  contiactile  vesicle  appears  a  the 
maroiu  of  the  body,  there  is  sometimes  an  appearance  as  if  one  or  more  of 
tTeTn^s  opened  Externally  at  this  point;  but  close  examination  shows  that 
thev  curve  round  and  run  towards  other  parts  of  the  body.  _ 
'  '^TTnumber  of  vessels  opening  into  the  -^^ractde  ves^^^^^^ 

'^^j.^:orBi^r^^^^^^ 

anterior ;  but  I  have  never  b'een  able  to  detect  any  -tio-  beWeen 

the  two.    In  the  Ophryoglence  fr'om  the  SP^'^  V''''^  ^  •    7  it  ^1^^ 
of  thl  canals  even  when  the  interior  of  the  body  contained  only  sligMlj  re- 
ItteTuSancts.    When  a  suitable  specimen  i.  -mewh^^^^^^^^ 
tween  the  glasses,  so  that  it  cannot  move  about,  the  ^^ff  J^^f   f  P^Xiii 
slen  when  they  h^ve  the  nucleus  for  a  background,  aoid  when  they  end  m 

awe  to  trace  any  vessels  into       interior  of  th^^^^^^^ 

_for  i^slance,  towards  the  nucleus.  I  am  also  'S^^'-^''^  f.^'^'^^lj^^Z 
Smt  pSt  of  the  contractile  vesicle  wliich  is  tiu-ned  toward  the  centre  of  the 

Von  ''>*°'\;'3"ti;,  spices  have  a  wry  strilmg  shape ;  they  consis  of 
r;„' tn-JJo^nl tS,  Louna  which  stand  frora  five  to  seven  s.aaUe, 
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pear-shaped  reservoirs,  mth  points  directed  outwards  in  the  shape  of  a 
star.  In  the  pidsation  of  those  strange  star-shaped  reservoLrs  sometimes 
the  stars  disappear  entirely,  sometimes  only  the  central  round  spaces,  and 
sometimes  only  the  rays.'  The  opaqne  Bursar  ice  exhibit  this  phenomenon 
just  in  the  same  way  as  it  is  described  by  Yon  Siebold ;  and  those  speci- 
mens in  which  the  vascular  system  can  be  detected,  offer  the  explanation 
of  it.  The  small  pear-shaped  spaces  are  really  the  commencements  of  the 
vessels,  which  expand  with  the  accumulated  fluid ;  and  the  rays  are  the 
further  prolongations  of  the  same,  which  may  be  traced  to  the  ends  of  the 
body. 

"  At  the  moment  when  the  contractile  vesicle  has  attained  the  greatest  ex- 
pansion (that  is,  when  the  diastole  is  terminated),  it  appears  in  the  fonn  of  a 
globe  filled  with  colourless  fluid,  from  which  the  vessels  nm  out  on  all  sides 
in  the  cortical  substance  as  canals,  apparently  of  equal  diameter ;  they  have 
at  this  time  the  smallest  diameter  they  can  assume  at  their  embouchui'e  into 
the  reservoir.  In  opaque  specimens,  this  is  the  moment  when  the  opened 
contractile  vesicle  is  observed.  A  little  before  we  observe  the  commencement 
of  the  systole,  the  vessels  begin  to  expand  slowly,  at  points  distant  about  one 
diameter  of  the  contractile  vesicle  from  the  surface  of  the  latter,  to  many  times 
their  original  size.  The  more  the  systole  progresses,  the  wider  and  longer 
become  the  swoUen  places,  and  they  approach  gradually  to  the  contractile 
vesicle.  ^  If  we  make  an  observation  at  the  moment  when  the  diameter  of  the 
contractile  vesicle  is  diminished  to  about  one-foui-th  of  its  original  size,  the 
shape  of  the  apparatus  agrees  in  all  essential  points  with  the  well-known 
stellate  figure  represented  by  Dujardin  in  Paramedum  Aurelia,  with  the 
single  exception  that  the  embouchures  of  the  rays  are  distinctly  visible,  and 
their  peripheral  prolongations  run  out  vddely  in  the  form  of  canals  over  the 
entire  animalcule.  Opaque  specimens  of  the  Biirsctj-ia  display  the  phenome- 
non only  in  such  a  degree  that  the  rays  terminate  in  delicate  attenuated 
points,  at  a  distance  of  about  one  diameter  of  the  reservoir  from  the  latter. 
When  the  contractile  vesicle  has  closed  completely,  the  fiisiformly-expanded 
vessels  only  are  seen,  as  they  run  together  with  theii-  apices  to  one  point. 
This  completes  the  systole.  The  diastole  then  recommences.  If  we  examine 
the  animal  at  the  moment  when  the  reservoir  has  again  attained  half  its 
greatest  diameter,  we  find  a  totally  different  appearance  from  that  at  the  cor- 
responding epoch  of  the  systole.  The  vessels  are  not  expanded  now  in  the 
form  of  a  spindle,  but  of  a  funnel,  with  the  base  of  the  funnel  in  the  contrac- 
tile vesicle,  and  the  point  prolonged  out  into  the  vessel.  This  is  the  form 
which  Ehrenberg  has  figured  in  Paramecium  Aurelia,  only  omitting  the  fm-- 
ther  prolongations  of  the  vessels.  Von  Siebold  rejects  Ehi-enberg's  fio'iu-e 
and  recognizes  Dujardin's ;  but  both  are  really  correct,  only  representing 
different  mstants ;  Dujardin  gives  a  stage  of  the  systole,  Ehrenberg  of  the 
diastole.  " 

"  The  more  the  contractile  vesicle  now  expands,  the  more  is  the  depth  of 
the  funnel  decreased,  and  its  diameter  proportionately  increased  ;  or,  in  other 
words  the  vessel  expands  only  at  its  embouchure,  and  the  depth  of  the  ex- 
panded part  decreases  m  proportion  with  the  advance  of  the  diastole.  In 
opaque  Bursari<^  we  see  at  this  time  only  the  contractile  vesicle  produced  out 
m  vanoas  directions  into  short  funnel-shaped  processes.  By  degrees  these 
processes  entirely  disappear,-the  contractHe  vesicle  having  cxpSided  to  its 
original  volume.  We  now  see  again  how,  from  the  fully-expanded  contrac- 
tile vesicle,  the  whole  of  the  vessels  run  out  in  the  cortical  layer,  in  all  di- 
voii  is'^'^lble         streaks;  in  opaque  specimens  only  the  contractile  reser- 
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"  The  processes  above  described  are  those  usually  observed  when  a  suitable 
specimen  is  placed  so  that  it  cannot  move,  or  only  move  very  httle,  upon  the 
slider.    If,  however,  a  Bursaria  is  compressed  somewhat  more  with  the  co- 
vering-glass, or  if  the  water  on  the  slider  is  almost  all  evaporated,  some  other 
peculiar  phenomena  present  themselves,  not  only  in  the  contractile  vesicle, 
but  ia  the  vessels.    The  last  diastole  coming  perfectly  to  rest,  and  nothing 
unusual  being  observed,  except  that  the  reservoir  is  more  elongated,  with  the 
systole  appear  suddenly  two  contractile  vesicles  instead  of  one ;  that  is,  a 
portion  of  the  smTounding  substance  makes  its  way  across  the  middle  of  the 
contractile  vesicle  while  it  is  contractiag,  and  thus  divides  it  into  two  parts. 
Each  of  these  two  new  reservoirs  has  its  own  systole  and  diastole.  _  In  most 
cases  their  contractions  do  not  occur  at  the  same  moment.    Each  is  in  con- 
nexion with  those  vessels  which  opened  into  it  before  the  separation.  The 
vessels  exhibit  the  same  play  as  if  there  were  but  one  uninjui-ed  contractile 
vesicle.    Sometimes  the  two  reservoirs  reunite  into  a  siagle  one.    I  saw  this 
happen  duiing  a  diastole  which  occurred  exactly  simultaneously  ia  both :  they 
advanced  near  together,  projected  out  points  toward  each  each  other,  which 
came  ia  contact  and  formed  a  dumb-bell-shaped  reservoir ;  and  this  was  ra- 
pidly converted  into  a  globular  vesicle,  which  contracted  and  expanded  as  at 

the  origin.  .   .    .  „ 

"Yon  Siebold  has  abeady  observed  in  Phtahna  vermicular  is,  Bursana 
corcliformis,  <fec.,  '  that  in  strong  contractions  of  the  whole  body,  a  largish 
round  pulsating  space  was  di'awn  out  longitudinaUy,  constricted  m  the  mid- 
dle and  at  length  was  separated  iato  two  smaller  round  spaces— exactly  as 
occiirs  when  a  drop  of  oU  is  separated  into  two  portions.'  Dunng  the  above- 
described  alterations  in  the  contractile  vesicles,  alterations  ordinaiily  take 
place  in  the  vessels  also.  Thus  expansions  appear  in  them  at  pomts  lying 
very  distant  from  the  contractile  reservoii'S.  These  enlargements  are  not, 
however  subject  to  rhythmical  disappearance  and  reappearance,  but  are  per- 
manent :  they  are  flUed  with  the  same  colourless  fluid  as  the  contractile  vesi- 
cles, and  are  mostly  globular  or  ellipsoidal.  If  such  enlargements  of  the  vessels 
are  seen  in  specimens  which,  from  unfavourable  optical  conditions,  do  not 
display  the  vessels  themselves,  they  may  be  taken  for  vacuoles  (m  Dujardms 
sense).  Their  connexion  with  the  vessels,  and  their  mode  of  ongm,  which 
is  readily  accessible  to  observation,  prove  that  they  are  totally  distinct  fi-om 
the  vacuoles  in  the  interior  of  the  body,  part  of  which  contain  nutnent  sub- 
stance, while  part  do  not.  , 

"  I  have  not  succeeded  in  any  case  in  isolating  a  membrane  of  the  contrae- 
tile  reseiwoii-  or  of  the  vessels.  I  find  no  trace  of  ciHa  m  the  mtenor  of  the 
vascular  system.  This  alone  suffices  to  distinguish  essentially  those  Infusoria 
famished  with  vessels  fi-om  the  iJistoma-embiyo  in  which  G.  E.  Wagener  has 
discovered  ciliated  vessels.  ,  ^  , , 

«  Different  hypotheses  have  been  put  forth  in  explanation  of  the  tuncfaon 
of  the  contractile  vesicles.  There  is  a  detailed  account  of  these  m  Claparede  s 
paper  on  Actinojyhrys.  ClaparMe  rightly  explains  the  contractile  vesicles  as 
Ens  of  the  ciiculltion.  As  to  the  dii-ection  in  which  the  flmd  flows  m  the 
vessels  nothing  can  be  directly  obseiwed  in  most  cases,  since  we  cannot  per- 
leive  -m  the  flidd  any  soUd  corpuscles  at  aU  simHar  to  the  blood-corpuscles  of 
other  animals.  Is  it  a  perfect  cii-culation  ?  or  does  the  flmd  flow  back  agam 
in  the^me  vessel  in  which  it  has  been  propeUed  fomard  by  the  contractde 
vesicle  ?  or  are  the  contents  of  the  contractUe  vesicles  constantly  expeUed 
Ixtemally  ?  The  last  view  has  been  set  up  by  Oscar  Schmidt  He  states 
fSf Z  has  seen  the  place  of  exit  in  the  genera  Bursana  and  Paraimmm. 
SaparMe"  :;po^d  t'o  this,  since,  in  the  most  minute  examination,  ho  was 
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unable  to  discover  that  the  contents  of  the  contractile  vesicle  were  exijelled 
externally  in  the  systole.    Actino;phrys  is  better  suited  to  the  settlement 
of  tliis  question  than  a  ciliated  Intnsorium.    I  have  many  times  sought  for 
currents  in  the  fluid  surroiuiding  Actinophrys  Sol  and  A.  Mchhornii,  when  the 
fluid  contained  masses  of  fine  globules  immediately  in  front  of  the  iDrojection 
of  the  contractile  reservoir ;  but  I  have  never  seen,  any  more  than  Claparede, 
any  corresponding  displacement  when  the  vesicle  contracted.    In  Bursaria 
leucas,  B.  Vorticella,  Paramecium  Aurelia,  and  P.  Chrysalis,  I  obtained  the 
following  results : — The  contraction  takes  place  exactly  in  the  manner  de- 
scribed by  Schmidt ;  the  vesicle  contracts  from  the  interior  of  the  animalcule 
towards  a  point  lying  near  the  sui"face,  and  it  expands  on  the  entrance  of  the 
fluid  in  such  a  manner  that  it  increases  in  diameter  gradually  from  the  surface 
of  the  animacule  iawards  toward  the  centre.    But  does  this  teach  us  what 
Schmidt  concludes  from  it,  that  the  reservoir  expels  its  contents  outwardly 
every  time  when  it  contracts  toward  the  outside,  and  becomes  filled  from  without 
when  it  expands  toward  the  interior  ?  If  the  contractile  reservoir  is  attached 
by  that  part  turned  toward  the  sirrface  of  the  animalcule  to  the  iuternal  surface 
of  the  cortical  substance,  while  the  portion  projecting  into  the  interior  of  the 
body  is  free  in  the  soft  medullary  mass,  will  not  the  contraction  take  place 
fi-om  within  outwardly,  and  the  expansion  from  without  inward,  whether  the 
fluid  flow  inwards  or  outwards  ?   In  Actinophrys,  sometimes  in  Arcella  vul- 
garis, and  in  Urostyla  granclis,  a  totally  different  import  must  be  attributed 
to  the  contractile  reservoir,  if  Schmidt's  criterion  be  valid ;  for  here  the  re- 
servoir does  not  contract  toward  the  surface,  but  toward  the  interior  of  the 
body,  and  forms  an  elevation  on  the  surface  when  it  becomes  filled,  as  de- 
scribed minutely  in  Actinophrys  by  both  Yon  Siebold  and  Claparede.  But 
it  is  not  on  this  alone  that  Schmidt  rests  his  opinion :  he  asserts  that  he  has 
observed  also  an  actual  external  orifice  of  the  contractile  vesicle.    I  must 
admit  that  Bursaria  Vorticella  has  a  distinct  oiifiee  at  the  hinder  part  of  the 
body,  and  this  exactly  at  the  place  to  which  the  contractile  vesicle  contracts 
until  it  vanishes.  _  But  regarding  this  orifice  which  I  saw,  only  so  much  is 
established — that  it  is  the  anal  orifice  which  Ehrenberg  has  already  described. 
I  have  seen  the  emergence  of  remains  of  devoured  substances,  of  lories  of  . 
Bacillaria,  of  fine  undeterminable  granules,  &c.,  fi-om  this  very  hole,  so  fre- 
quently, that  there  can  be  no  doubt  on  this  point ;  and  it  is  even  not 'rare  for 
a  corpuscle  to  slip  out  from  the  anal  orifice  during  the  diastole, — that  is  to 
say,  at  the  very  time  when,  according  to  Schmidt,  the  fluid  should  flow  in 
from  the  outside.    I  found  the  Bursaria  just  named  during  spring  and  sum- 
mer in  standing  water  near  TempeUiof ;  it  agrees  in  the  main  with  Ehren- 
berg's  Bursaria  Vorticella.    The  buccal  oiifice  is  situated  as  in  Bursaria 
truncatella,  m  which,  however,  I  did  not  observe  any  contractile  vesicle  at 
the  posterior  end  of  the  body.    The  specimens  of  B.  truncatella  I  observed 
were  all  about!  of  a  hneor  more  long,  those  of  B.  Vorticella  at  most  A 
of  a  hne.    The  latter  is  m  any  case  not  a  Leucophrys;  therefore,  in  casi 
Ehrenberg  considers  his  Bursaria  Vorticella  a  Leucophrys,  it  is  a  different 
animalcule  from  the  latter.    I  was  cquaUy  unable  to  satisfy  myself  of  the 
correctness  of  Schmidt's  view  in  the  Paramecia.    When  a  specimen  of  Para- 
mecium^  Aureha  hes  so  that  the  contractile  vesicle,  either  the  anterior  or  pos-. 
tenoi^  IS  seen  at  the  margin,  it  appears,  under  certain  circumstances,  as  though 
ashori;canal  ran  directly  out  through  the  integument  of  the  animalcule; 
but  m  reality  it  only  runs  mto  the  integument,  and  turns  round  toward  the' 
side  ot  the  body  directed  away  from  the  eye  :  I  found  the  same  in  Pai  •ame- 
ciicm  Olirysahs  aim  ■  it  was  always  one  of  the  rays  of  the  contractile  vesicle 
which  presented  to  Schmidt  the  appearance  of  an  external  orifice.   The  same 
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is  the  case  in  Bursaria  fiava,  where  I  could  always  trace  the  curvature  of  the 
vessel  toward  the  opposite  side  of  the  body  most  distinctly.  _  F.  Stein  strongly 
questions  the  external  opening  of  the  contractile  vesicle  in  the  Vorticellce. 
Hence  it  is  clear  that  the  explanation  of  the  contractile  vesicles  as  part  of  a 
water-vascular  system  is  unproven. 

"  Is  it,  however,  established,  on  the  other  hand,  that  the  contractile  reser- 
voirs pour  back  their  contents  again  into  the  parenchyma  whence  they  re- 
ceive it,  as  Von  Siebold  says  ?  And  if  this  is  the  case,  how  does  it  happen  ? 
Everything  indicates  most  strongly  that  the  contractile  vesicles  are  filled  out 
of  the  vessels  during  the  diastole.  We  see  how,  during  this  process,  the 
swollen  part  of  the  vessels  near  their  embouchure  gradually  or  suddenly  re- 
turns to  its  smallest  diameter  as  the  stellate  figure  vanishes ;  and  I  have 
observed  a  part  of  a  vessel  inflated  with  the  fluid,  originating  at  the  extreme 
end  of  the  animalcule,  traverse  the  whole  distance  up  to  the  contractile  vesi- 
cle during  a  single  diastole.  This  phenomenon  may  be  supposed  to  show  that 
the  absorbed  fluid  wHch  had  inflated  the  vessel  into  a  globule,  flowed  durmg 
the  said  period  into  the  contractile  reservoir. 

"  But  if  there  is  a  fair  presumption  that  the  contractile  vesicles  are  liiiecl 
out  of  the  vessels,  the  above  obseiwations  teach  us  nothing  whatever  on  the 
question  as  to  where  the  fluid  flows  during  the  systole. 

"  I  have  hitherto  only  become  acquainted  vnth  one  fact  relatmg  to  this  pomt. 
In  Bursaria  Vorticellawe  may  detect  the  following  fact :  as  soon  as  the  con- 
tractile vesicle  wHch  lies  at  the  posterior  end  of  the  body  has  contracted,  we 
may  observe  at  the  margins  of  the  animalcule,  in  its  usual  position  of  swim- 
ming, that  two  long  narrow  cavities  originate,  filled  with  transparent  colour- 
less fluid  ;  and  these  stretch  from  opposite  the  mouth  as  far  as  the  region  ol 
the  contractile  vesicle.  They  both  gradually  enlarge,  and  thus  approach  near 
to  the  anal  point ;  here  they  meet,  lose  theii'  often  veiy  regular  foi-m  and 
change  into  the  globular  :  the  remaining  contents  of_  the  body  are  displaced 
upwards  by  tHs ;  and  then  these  globular  reservoirs  contract  until  they 
vanish,  without  it  being  perceptible  where  the  flmd  has  been  driven  to ;  after 
some  time  the  narrow  Ught  streaks  reappear,  and  the  process  is  repeated 
in  the  way  above  described.  The  afferent  canals,  therefore  are  ^lot  filled 
at  the  commencement  of  the  systole;  but  must  this  not  be  so  much  the 
more  expected  if  the  fluid  flowed  back  in  the  same  path  as  it  came  m,  the 
vanishing  of  the  contractHe  vesicle  taking  place  much  more  rapidly  than 

'^^at^e^^TeJer  yet  found  in  any  Infusorium  special  canals  ^  yl^i^h  the 
fluid  is  seen  to  flow  back  into  the  body^dming  the  systole,  and  which  would 
give  the  means  of  a  perfect  circulation."  .  ,  •, 

Nttcleus.     Nucleolus.-A  most  important  internal  organ  remains  foi 
description,  viz.  the  mtcleus.   This  name,  if  not  acciirate  is  convement  to  de- 
signate the'structui-e  in  question  :  it  took  its  rise  m  the  l^yP°tJesis  of  the 
u^ceHular  natm-e  of  the  CiHata,  and  has  ever  since  ^l^^';^/^,^/^'"^ 
"testis,"  or  male  spermatic  gland,  assigned  it  by  Ehrenberg  on  the  sup- 
position of  its  being  the  male  reproductive  organ  in  these  presimied  herma- 
Kodite  beings.  Indeed,  when  viewed  as  the  centre  of  reproductive  ach^atJ 
rS^Prof.  Owen's  phi^aseology,  the  seat  of  the  '  spermatic  force,'  the  Berhn 
mtiSalist's  name  for  it  does  not  appeal-  so  inappropnate  ;  neverthe  ess  no  leal 
Jomdo^  can  be  said  to  exist  between  the  testis  of  higher  annuals  and  thi 
bX  wHch,  on  the  contrary,  has  several  points  of  analogy,  at  least,  with  the 
nucLrof  piant-cells  ;  nor  can  a  hermaphi-odite  natui-e  be  rightly  ascribed  to 

ntleus  is  present  in  aU  the  CUiuta,  and  is  mostly  very  rcadUy  seen. 
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unless  the  body  is  much  occupied  by  food  and  oijaquo  particles  of  auy  kind. 
If  not  at  once  appai'ent,  it  is  demonstrable  by  the  disruption  of  the  body  by 
pressui-e  ;  by  the  process  of  difiluence,  which  disperses  the  surrounding  tissues  ; 
or  by  the  addition  of  acetic  acid,  which  dissolves  the  rest  of  the  animal, 
leaAong  the  nucleus  more  or  loss  completely  isolated. 

It  occui's  as  a  weU- defined,  finely-granular,  more  or  less  opaque  body, 
having  a  more  sohd  look  than  the  suiTounding  parts,  and  frequently  also 
a  tawny  or  shght  yeUow  blush  (XXIX.  28  c,  30  c,  48c;  XXX.  1,  11  d, 
12  h,  27/).  It  varies  both  in  position  and  shape  in  different  species,  and 
either  presents  one  or  more  internal  spots  or  small  bodies  of  a  circular  outHne 
which  represent  the  nucleolus  or  nucleoli,  or  this  organ  may  appear  as  a 
distinct  appendage  to  it  (XXVIII.  9-15;  XXIX.  28).  The  nucleus  is  im- 
bedded ia  or  closely  united  with  the  cortical  lamina ;  and  although  it  may  be 
thi-ust  aside  by  the  impetus  of  passing  particles  of  food,  it  retains  its  hold. 
Under  the  usual  point  of  view  of  an  animalcule,  its  position  will  look  more 
central  than  it  really  is ;  for  it  is  either  in  advance  or  in.  rear  of  the  real 
centre,  or  to  one  side  or  other  of  it,  and  often  lies  across  the  ahmentary  tube 
when  elongated  or  band-like.  But  what  is  curious  about  this  organ  is,  that 
it  is  not  at  all  fijmly  fijxed  in  its  position,  but  is  pushed  forward  or  backward 
to  one  side  and  to  the  other  by  the  movements  of  the  animal,  particularly  by 
those  of  the  retractile  ciliary  wreath,  and  also  by  the  ingestion  of  food.  This 
may  be  witnessed  in  Opercularia  and  Epistylis.  Lastly,  even  in  examples  of 
the  same  species  its  position  is  not  constant. 

The  usual  figure  of  the  nucleus  is  circular  or  oblong,  but  it  may  be  clavate  or 
reniform,  or  sinuous  and  band-like.  The  first  type  of  outline  prevails  in  Para- 
mecium (XXIX.  28),  Colpoda  (XXIX.  37),  Nassula  (XXVIII.  1),  C7iilodon 
(XXrX.  48),  Spirochona  (XXX.  17),  and  Stylonychia  (XXVIII.  10  d).  A 
reniform  or  kidney-shaped  one  is  seen  in  Epistylis  plicatilis,  in  Opercularia 
articulata  (XXX.  1),  and  in  0.  berberina ;  a  horse- shoe  figure  in  Vorticella  and 
Zoothamnium;  whilst  in  Epistylis  branchiophila,  in  Ophrydium  (XXX.  5,  6), 
CarcJiesium,  Trichodina  (XXIX.  16,  17),  Lagenophrys  (XXX.  29,  30),  '&c! 
it  is  stiU  more  elongated  and  band-like  and  much  curved,  or  actually  sinuous." 
Cohn  represents  it  as  having  a  thick  clavate  figure  in  Nassula  elegans.  The 
figui;e,  moreover,  is  very  much  modified  during  the  reproductive  processes 
and  in  the  metamorphoses  which  befaU  some  at  least  of  the  Ciliated  Protozoa  • 
these  modifications,  however,  we  shaU  not  here  consider,  but  reserve  them  to 
the  details  on  development.  Again,  even  among  examples  of  the  same  species 
shght  variations  occur  in  length  and  width,  and  in  curvatm-e  or  sinuosity' 
where  no_  reproductive  act  is  diseernibly  in  progress.  Lastiy,  not  a  few  of 
the  nuclei,  which  are  at  first  sight  simply  oblong,  are,  on  closer  examination, 
seen  to  have  a  depression  or  sulcus  on  one  side,  and  consequentiy  to  be  strictlv 
speaking,  bean-  or  kidney-shaped.  This  is  exemphfied  in  the  nuclei  of  Para- 
mecium, certain  Nassida;,  and  in  Prorodon 

Where  the  nucleu^s  is  elongated,  it  is  a  common  event  to  see  it  bent  par- 
tially round  the  pharynx  or  the  oesophagus,  at  some  Httle  distance  from  it 
_  The  nucleiis  being  the  lust  of  the  soft  contents  to  break  up  after  death 
IS  presumably  of  a  more  solid  texture.     Its  tissue  may  be  described  a 
normally  homogeneous;  but  various  changes  are  ever  occiming  in  it  JendeJ- 
T°t^muS  Z  /^^^^P^^^^t'      -^^other  more  granular  and  opaque. 

iLZ  i  Z.U      r  *°  '^^t"-^^!  i'li^^-ies  to  the  fact 

sJ^Hd  Zi  TA^  a  tough  elastic  membrane  or  sac,  wliich  sometimes  is 
^Xw     T    1  mterspace  or  areola,  but  at  other  times  is  closely 

^  f  omonstrable  by  artificial  means,  such  as  the  application 
of  Chemical  reagents,  or  of  a  solution  of  potash,  or  of  acetic  ic  d:  this 
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happens  in  Vaginicola.  Wlien  loose,  this  membrane  not  unfrequently  falls 
into  plaits  or  folds.  It  is  represented,  in  Cohn's  figiu'e  of  the  nucleus  of 
Nassula  elegans  as  a  very  distinct  and  stout  tunic. 

The  rule  is,  that  the  nucleus  is  single,  and  it  has  been  assumed  as  a  fact 
that  the  appearance  of  a  double  nucleus  or  of  two  nuclei  is  a  general  indica- 
tion of  the  approaching  or  progressive  act  of  fission.    However,  Stein  in  a 
recent  figure  of  Stylonychia  mytilus  (XVIII.  10),  delineated  in  Carus's  Icoius 
Zootomicce,  represents  two  ovoid  nuclei  as  present  without  the  accompanying 
process  of  self-division.     In  Chiloclon  CucuUulus,  he  also  represents  the 
nucleus  (XXX.  48  e)  to  be  composed  of  a  moderately  thick  external  or  cor- 
tical portion  stu'rounding  a  clear  cavity,  in  the  centre  of  which  the  opaque 
solid  nucleolus  is  placed.  The  cortical  lamina,  he  affirms,  consists  of  the  usual 
homogeneous  granular  substance  which  makes  up  the  mass  of  most  nuclei, 
but  rather  flcrmer ;  and  its  internal  free  surface  towards  the  cavity  is,  he 
says,  undulated  or  dentated.    The  interspace  between  the  nuclear  lamina 
and  the  nucleolus  is  not  always  clear,  but  occasionally  occupied  by  a  cloudy, 
flnely-granulai-  matter, — whence  the  nucleus  acquires  rather  the  characters  of 
a  homogeneous  tissue,  having  a  central,  weU-defined  nucleolus.  Although 
the  last-named  structure  is  probably  never  absent,  it  has  nevertheless  escaped 
Stein's  notice  in  very  yo\mg  specimens.    The  nucleus  of  Spirochona  in  young 
specimens  is  either  solid  and  homogeneous,  or  transversely  divided  into  two 
by  a  crescentic  space  (XXX.  28/)  ;  the  nucleolus  occupies  the  middle  of  the 
nuclear  cavity,  and  has  around  it  a  finely- dotted  areola  (XXX.  17). 

In  the  case  of  Paramecium  both  Cohn  and  Stern  describe  the  nucleolus  to 
be  included  in  a  depression  or  hilum  on  one  side  the  nucleus.  Like  the 
nucleus  it  is  formed  of  a  membranous  coat  and  homogeneous  contents  (XXIX. 
28  cl)  ;  the  connexion  between  the  two  appears  to  be  only  by  the  adhesion  of 
their  membranes,  an  adhesion  readily  broken  through  by  pressure  or  by  the 
action  of  acetic  acid.  Piu'ther,  in  the  long  band-Hke  nuclei,  the  nucleoli 
seem  to  be  multiphed  in  number. 

On  the  subject  of  its  chemical  nature.  Stein  concludes  fi'om  the  reaction  of 
tincture  of  iodine,  and  of  acetic  acid  with  a  solution  of  sugar,  that  the  nucleus 
is  a  proteine  compound,  like  the  other  contents,  except  the  fat-corpuscles.  _ 

Although  its  office  in  secreting  a  spermatic  fluid  may  be  justly  called  m 
question  (du-ect  observation  being  contrary  to  it),  yet  this  so-caUed  testis,  or, 
perhaps  more  correctly,  this  nucleus,  certainly  plays  a  most  important  part 
in  the  well-observed  mode  of  propagation  by  spontaneous  fission ;  for  whenever 
fission,  whether  longitudinal  or  transverse,  is  about  to  occur  in  an  animalcule, 
the  first  change  observed  is  a  progressive  constriction  of  the  nucleus,  suc- 
ceeded by  that  of  the  body  generally.  This  constriction  goes  on  till  division 
is  complete,  each  segment  of  the  body  being  consequently  provided  with  a 
nucleus.  The  division  of  the  nucleus,  as  m  essential  element  in  the  process 
of  spontaneous  fission,  may  be  weU  obsei-ved  in  the  transverse  division  of 
Paramecium,  Bursaria,  or  Ohilodon. 

Professor  Owen,  in  his  learned  and  able  Essay  on  Parthenogenesis,  refers 
to  the  initiative,  assumed  by  the  nucleus  of  Infusoria,  in  their  reproduction 
by  spontaneous  fission,  between  which  and  the  essential  contact  of  the  sper- 
inatozoon  with  the  germ-ceU,  as  a  preHminaiy  to  the  primary  process  of 
self-division  of  the  latter,  in  the  com-se  of  the  development  of  more  perfect 
animals,  he  indicates  an  analogy ;  and,  after  having  completed  the  companson 
of  the  results  in  the  two  cases,  goes  on  to  say,—"  This  is  certam,  that  the 
analoffv  between  these  phenomena  in  the  multipHcation  of  the  parts  of  the 
eerm-mass,  and  those  of  the  nucleus  in  the  multiphcation  of  monads,  is  so 
close  that  one  cannot  reasonably  suppose  that  the  natui'e  and  properties 
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of  the  nuclevis  of  the  impregnated  germ-cell,  and  that  of  the  monad  can  be 
different. 

"  Therefore,  I  infer,  that  the  nucleus  of  the  Polygastric  animalcules  is  the 
seat  of  the  spermatic  force  ;  it  can  only  be  called  testis,  figuratively,  it  is  the 
essence  of  the  testis.  It  is  the  force  which  governs  the  act  of  propagation  by 
spontaneous  fission :  and,  if  Ehi'enberg  be  correct,  in  viewing  the  interstitial 
corpuscles  as  germ-cells  (to  which  opinion  Professor  Owen  inclines),  these 
essential  pai-ts  of  ova  may  receive  the  essential  matter  of  the  sperm  from  the 
nucleus,  which  is  discharged  along  with  them  in  the  breaking  up  of  the 
monad,  which  Ehrenberg  regards  as  equivalent  to  an  act  of  oviposition ;  and 
impregnated  germ-cells  may  thus  be  prepared  to  diifuse  through  space,  and 
carry  the  si^ecies  of  Polygastric  animalcules  to  a  distance  from  the  scene  of 
hfe  of  the  parent  "  (p.  67,  Ed.  1849.) 

Lieberkiihn  (A.  N.  H.  xviii.  1856,  p.  321)  makes  the  nucleolus  of  import- 
ance in  founding  specific  characters.  He  says,  that,  excepting  the  eye-point, 
the  nucleolus  is  properly  the  only  part  which  distinguishes  Ophryoglena 
jlavicans  from  Bursaria  Jlava. — "This  body,"  he  proceeds  to  say,  "is  shaped 
like  a  grain  of  barley,  and  is  marked  at  each  end  with  a  few  sharply-defined 
streaks  or  furrows  ;  its  length  is  somewhat  more  than  -^^^  of  a  millimetre, 
its  thickness  ia  the  middle  about  ytd"  ^  millimetre.  Its  substance  has  a 
stronger  refractive  power  than  that  of  the  rest  of  the  body,  but  far  less  than 
the  fat-Hke  globules.  Under  the  highest  magnifying  power,  no  structure 
could  be  distiaguished,  and  it  withstands  for  a  considerable  time  the  action 
of  water.  The  nucleolus  is  sitiiated  on  the  middle  of  the  nucleus,  which  is 
about  one-fifth  of  the  entire  length  of  the  animalcule,  and  its  breadth  in  the 
middle  about  one-third  of  its  length ....  It  is  of  ovate  form ;  its  substance 
displays  no  recognizable  structure. 

"  The  nucleolus  has  very  different  characters  in  all  the  specimens  of  Bur- 
saria jlava  I  have  hitherto  obseiwed.  It  was  always  so  smaU  that  it  was 
difficult  to  find  it,  and  never  became  visible  until  the  Infusorium  was  com- 
pressed, while  in  Ophryoglena  jlava  it  may  usually  be  seen  through  the 
integuments.  Its  form  is  globular,  and  it  presents  no  structui'e.  It  gene- 
rally adheres  firmly  to  the  surface  of  the  ovate  nucleus." 

_  The  same  lesson  concerning  the  utility  of  the  nucleus  and  nucleolus  in 
distinguishing  genera  and  species,  might  be  gathered  from  the  descriptions 
of  Steiu  and  others,  which  show  clearly  enough  that  these  organs  have  a 
determinate  figure  and  relation  in  several  genera,  as,  for  example,  in  Spiro- 
clwna  and  Paramecium. 

The  figure  of  the  nucleus  and  the  relation  of  the  nucleolus  to  it,  in  Pro- 
rodon  teres  and  in  Nassida  elegans,  are  deserving  attention.  In  the  former 
species  the  nucleus  is  represented  as  globular,  with  a  nucleolus  siu-mounting 
it  (XXVin.  9) ;  in  the  latter,  the  nucleus  is  stoutly  clavate,  and  terminated 
by  a  small  oblong  nucleolus  at  its  narrower  extremity.  These  well-marked 
peculiarities  in  the  two  examples  named,  coupled  with  the  views  of  Lieber- 
kiihn just  cited,  and  the  conclusions  of  Stein  and  Balbiani  concemino-  the 
physiological  relations  of  the  two  organs  in  question,  wiU  chaUenge  for  them 
much  more  attention  than  they  have  hitherto  received. 

M.  Balbiani  has  lately  contributed  to  the  French  Academy  two  most  im- 
portant papers,  in  which  ho  has  endeavoured  to  demonstrate  a  sexual  repro- 
duction ot  the  Ciliata,  the  nucleus  representing  the  female,  and  the  nucleolus 
the  male,  element.  In  his  first  essay  he  illustrates  his  hyijothesis  by  reference 
to  Paramecium  Bursaria  {A.  N.  H.  1858,  i.  p.  435),  and  thus  wi-ites:— 

'  l?or  several  generations  the  Paramecia  multiply  by  spontaneous  scission, 
each  ot  the  two  new  individuals  obtaining  half  the  primitive  nucleus.  .  . 
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But  under  the  influence  of  conditions  of  ^yhich  wo  are  still  ignorant,  the 
species  propagates  itself  in  a  very  different  manner,  and  in  the  midst  of  phe- 
nomena far  more  complex  than  those  which  preside  over  the  multiphcation 
by  fissiparity.  In  this  new  mode  we  shall  see  the  actual  anatomical  sigTiifi- 
cation  of  the  nucleus  and  nucleolus,  the  function  of  which,  if  we  except  the 
division  of  the  former  of  these  two  organs  in  the  act  of  spontaneous  division, 
has  hitherto  been  perfectly  passive.  It  is,  in  fact,  at  their  expense  that  the 
male  and  female  reproductive  elements  which  characterize  this  mode  of 
propagation  are  formed. 

"  When  the  period  arrives  at  which  the  Parameda  are  to  propagate  with 
concourse  of  the  sexes,  they  are  seen  assembling  upon  certain  parts  of  the 
vessel,  either  towards  the  bottom,  or  on  the  walls.  The  coptdation  is  always 
preceded  by  certaia  preliminaries  which  are  very  curious  to  observe,  but  upon 
which  we  cannot  dwell  here.  Soon  they  are  found  coupled  in  pairs,  adherent 
laterally  and  as  it  were  locked  together,  with  the  similar  extremities  turned 
in  the  same  direction,  and  the  two  mouths  closely  applied  to  each  other.  In 
this  state  the  two  conjugated  individuals  continue  moving  with  agUity  in  the 
liquid,  and  turning  constantly  round  their  axis.  There  is  nothing,  before  the 
copulation,  to  announce  the  considerable  changes  which  are  about  to  take 
place  iu  the  nucleus,  and  the  nucleolus  which  accompanies  it.  It  is  during 
the  copulation  itself,  of  which  the  duration  is  prolonged  for  five  or  six  days  or 
more,  that  their  transformation  into  sexual  reproductive  apparatus  takes  place. 

The  nucleolus  has  undergone  a  considerable  increase  in  size,  and  has 
become  converted  into  a  sort  of  capsule  of  an  oval  form,  of  which  the  surface 
presents  longitudinal  and  parallel  lines  or  streaks.  Nearly  always,  it  soon 
divides  in  the  direction  of  its  greater  axis,  into  two,  or  more  frequently  into 
four,  parts,  which  continue  increasing  independently  of  each  other,  and  in  a 
very  irregular  manner,  and  form  so  many  secondary  sacs  or  capsules.  At  a 
period  which  is  still  near  that  of  division,  these  latter  appear*  to  be  composed 
of  an  extremely  fine  membrane,  enveloping  a  bundle  of  small,  cui-ved  baciQa, 
extending  from  one  extremity  of  the  sac  to  the  other,  inflated  toAvards  the 
middle,  narrowed  towards  the  extremities.  It  is  these  which,  when  seen 
through  the  enveloping  membrane,  give  the  capsule  the  striated  appearance 
which  is  characteristic  of  it,  and  which  even  exists  in  the  nucleolus  at  almost 
aU  the  other  periods  of  the  life  of  the  Infusorium.  It  also  contains  a  perfectly 
colourless  and  homogeneous  fluid. 

"  At  the  same  time  the  nucleus  has  also  changed  its  form  and  aspect ;  it 
has  become  roimded  and  widened  ;  its  substance  has  become  softer  and  lost 
its  refractive  power,  and  towards  its  margins  it  presents  notches,  which, 
penetrating  more  and  more  deeply  into  its  mass,  isolate  one  or  more  fi-ag- 
ments,  in  which  a  sufficient  magnifying  power  enables  us  to  see  a  certain 
number  of  smaU  transparent  spheres  with  an  obscm-e  central  point.  In  other 
cases  the  nucleus,  whilst  still  almost  entire,  presents  this  aspect,  and  then 
appears  as  if  stuffed  with  these  little  rounded  bodies,  the  analogy  of  wliich  to 
ovules  cannot  be  doubted  in  the  least.  The  evolution  of  the  nucleus  and 
nucleolus  being  identical  and  progressing  at  the  same  rate  in  the  two  coupled 
individuals,  it  follows,  if  from  this  moment  we  regard  the  former  as  an  ovaiy, 
and  the  second  as  a  testicle  or  seminal  capsule,  not  only  that  each  of  them 
possesses  the  attributes  of  both  sexes,  but  that  they  fecundate  each  other, 
and  serve  at  the  same  time  as  male  and  female.  As  regards  tliis  fccimdation 
itseU',  everything  seems  to  prove  that  it  takes  place  by  means  of  an  exchange, 
made' by  the  two  coupled  individuals,  of  one  or  more  of  theii- spminal  capsules, 
which  pass,  through  the  apertures  of  the  mouths  closely  applied  against  each 
other,  from'  the  body  of  one  raramecium  into  that  of  the  other ;  for,  very 
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often,  although  we  may  not  be  able  to  perceive  this  passage  itself,  we  may 
at  least  detect  the  moment  when  one  of  the  capsules  already  engaged  m  one 
of  the  mouths,  is  on  the  point  of  clearing  this  aperture.  Does  the  exchange 
which  causes  fecundation  take  place  mth  all  the  capsules  m  a  sing  e  copula- 
tion, or  in  so  many  successive  copulations  with  different  individuals  ?  ihis 
is  a  question  the  solution  of  which  is  not  easy,  and  which,  to  keep  within  the 
field  of  our  observations,  we  shall  not  attempt  to  solve  at  present. 

"  However  this  may  be,  each  capsule,  after  its  transmission,  stiU  continues 
to  increase  in  size  in  the  body  of  the  individual  which  has  received  it ;  for  we 
have  never  found  any  which  had  attained  the  limit  of  their  development  in 
individuals  which  were  still  coupled.  They  then  frequently  attam  a  volume 
greater  than  that  of  the  nucleus  itself ;  but  there  is  nevermore  than  one  that 
arrives  at  maturity  at  the  same  time.  When,  having  arrived  at  tHs  state, 
it  is  exammed  after  being  pressed  out  of  the  body  of  the  animalcule  to  free 
it  from  the  granulations  w-hich  mask  it  more  or  less  while  there,  it  appeal's 
under  the  form  of  a  large  ovoid  body,  the  surface  of  which  presents  a  multi- 
tude of  pai-aHel  striae  directed  longitudinally,  and  due  to  the  arrangement  in 
series  of  the  coi-puscles  contained  in  the  interior.  Compression,  caiTied  so  far 
as  to  cause  its  rupture,  distinctly  shows  it  to  be  formed  by  a  membrane  of 
extreme  tenuity,  and  contents,  enclosing  an  innumerable  quantity  of  small 
fusiform  corpuscles,  of  which  the  extremities  are  completely  lost  to  sight  in 
consequence  of  their  extreme  fineness.  As  soon  as  they  are  free,  these  little 
bodies  show  themselves  to  be  animated  by  a  vacillatory  and  translatory  move- 
ment, which  soon  causes  their  dispersion  in  the  circumambient  fluid.  These 
are  the  spermatozoids  of  P.  Bursaria.  Iodine,  alcohol,  and  acetic  acid  instantly 
stop  their  movements  ;  they  are  insoluble  in  the  last-mentioned  reagent  when 
concentrated,  although  this  dissolves  aU  the  other  elements  of  the  body,  with 
the  exception  of  the  green  granules. 

"  It  is  usually  from  the  fifth  to  the  sixth  day  foUowiag  the  copulation,  that 
the  first  germs  are  seen  to  make  their  appearance,  in  the  form  of  small  rounded 
bodies,  foi-med  of  a  membrane  which  is  rendered  very  evident  by  acetic  acid, 
and  greyish,  pale,  homogeneous,  or  almost  imperceptibly  granular  contents, 
in  which  neither  nucleus  nor  contractile  vesicle  is  yet  to  be  distinguished. 
These  organs  do  not  appear  until  afterwards.  The  observations  of  Stein 
and  ¥.  Cohn  have  shown  how  these  embryos  quit  the  body  of  the  mother  in 
the  form  of  Acinetce  furnished  with  knobbed  tentacles — true  suckers,  by 
means  of  which  they  remain  for  some  time  still  adherent  to  the  mother, 
deriving  their  nourishment  from  her  substance  ;  but  their  investigations  did 
not  reveal  to  them  the  ultimate  fate  of  these  young  animalcules.  I  have 
been  able  to  follow  them  for  a  considerable  time  after  they  detached  them- 
selves from  the  body  of  the  mother,  and  have  convinced  myself  that,  after 
losing  their  suckers,  becoming  surrounded  -with  vibratile  cOia,  and  obtaining 
a  mouth  which  first  shows  itself  in  the  form  of  a  longitudinal  fiuTow,  they 
definitely  acquired  the  form  of  the  mother,  becoming  penetrated  in  the  same 
way  by  the  green  granulations  characteristic  of  this  Paramecium,  -ndthout 
undergoing  any  more  important  metamorjihoscs." 

At  the  time  thisfii-st  record  of  his  observations  was  read,  M.  Balbiani  stated 
that  he  had  collected  them  from  the  investigation  of  six  or  seven  species,  but 
since  that  period  he  has  pm-sued  liis  observations  in  several  other  species,  and 
completed  some  old  ones  previously  interinipted  from  want  of  materials 
(A.  N.  H.  1858,  ii.  p.  439).  In  Ms  latest  paper,  he  enunciates  the  remark- 
able statement  that  he  has  been  led  to  regard,  in  a  great  number  of  cases, 
what  nearly  all  authors  have  considered  to  be  a  spontaneous  division  in  a 
longitudinal  direction,  as  a  sexual  union  of  two  individuals.    "  Very  often, 
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in  fact,  I  have  been  able  to  ascertain  that  this  state  coincided  with  cer- 
tain remarkable  changes  which  took  place  in  the  internal  organs  of  these 
animals." 

The  following  is  the  general  snmmary  of  the  results  M.  Balbiani  has 
arrived  at : — "  I.  The  corpuscle  which,  in  the  Infusoria,  has  been  described 
under  the  name  of  nucleolus,  and  which  I  have  shown  to  be  the  male  genital 
gland,  has  hitherto  only  been  indicated  in  a  few  rare  species.  In  connexion 
"vvith  this,  I  have  examined  a  great  number  of  individuals  belonging  to  numer- 
ous and  varied  forms,  and  I  have  convinced  myself  that,  far  from  constituting 
an  exception,  the  presence  of  one  or  even  several  nucleoles  was  a  nearly  con- 
stant fact  in  the  different  types  of  this  class  ;  but  frequently  the  simple  or 
midtiple  nucleole  which  they  contain  is  so  intimately  confounded  with  the 
substance  of  the  nucleus,  that  it  only  becomes  apparent  when  it  is  separated 
therefrom  accidentally  by  the  action  of  reagents,  or  spontaneously  at  certain 
determinate  periods  in  the  life  of  these  creatures,  principally  at  the  time  of 
their  sexual  propagation.  I  have  counted  fourteen  species  in  which  this 
organ  was  very  evident  to  me,  and  in  which  I  have  also  been  able  to  foUow 
its  evolution,  to  a  greater  or  less  extent,  at  the  breeding-season,  at  the  same 
time  that  I  was  an  eye-witness  of  the  other  actions  which  concur  in  assming 
the  reproduction  of  these  animalcules  by  fecundated  genns. 

"  As  regards  the  number  and  situation  of  the  testicular  organ  of  the  Infu- 
soria, I  have  met  with  the  following  varieties.  It  is  simple,  rounded,  and 
lodged  in  more  or  less  deep  depressions  of  the  nucleus  in  Paramecimn  Aurelia 
and  P.  caudatum,  and  also  in  a  third  species,  neai'ly  allied  to  P.  Bursaria,  but 
smaller  and  destitute  of  green  granules.  The  genus  Bursaria  (B.  leucas, 
Jlava,  and  vernalis)  also  presents  a  simple  nucleole  situated  in  the  vicinity  of  the 
nucleus.  The  same  thing  occurs  in  Ghilodon  Ouculluliis.  But  with  regard  to  the 
latter,  I  must  remark  that  I  do  not  regard  as  the  analogue  of  the  nucleole  of  the 
preceding  species  the  corpuscle  to  which  M.  von  Siebold  has  given  this  name, 
and  which  is  placed  in  the  interior  of  the  granular  mass  of  the  nucleus,  in 
the  centre  of  a  broad  transparent  zone.  The  true  nucleole  or  testicle  of 
Ghilodon  appears  in  the  form  of  a  smaU,  rounded,  brUhant  grain,  provided 
with  a  proper  membrane,  and  situated  quite  to  one  side  and  towards  the 
middle  of  the  nucleus.  It  is  very  easily  perceived  in  large  specimens  by 
employing  the  action  of  reagents.  As  regards  the  nucleus  and  its  internal 
parts,  I  make  no  difficulty  in  regarding  them  as  representing  all  the  elements 
of  an  ovum,  of  which  the  nucleole  of  the  celebrated  German  naturalist  would 
be  nothing  but  the  germinal  spot.  The  disappearance  of  the  clear  zone  and 
of  its  central  corpuscle  in  the  animals  which  have  just  copulated,  especially 
appears  to  me  to  militate  in  favoiu-  of  this  view. 

"  II.  I  have  met  with  a  multiple  testicle  in  many  species  belonging  to  the 
groups  of  the  OxytricJiince  and  of  the  Euplotes  or  Ploesconiai,  including  the 
highest  types  of  this  class.  In  the  genus  OxytricJia  the  two  nuclei,  which 
are  elongated  in  the  direction  of  the  greater  axis  of  the  body,  are  each  accom- 
panied by  a  small,  rounded,  testicular  body,  very  distinct  from  the  coiTespond- 
ing  nucleus.  There  are  also  two,  placed  one  to  the  right  and  the  other  to 
the  left  of  the  long  nucleus,  which  is  curved  into  the  form  of  a  horse-shoe, 
in  Euplotes  Charon  and  E.  viridis.  In  the  genera  Stylonychia  (S.  Mytilus, 
pustulata,  and  lameolata)  and  Urostyla  ( U.  grandis)  the  nucleoles,  to  the 
number  of  four  or  five,  are  distributed  in  two  groups  in  the  vicinity  of  the 
nuclei  of  which  the  anterior  is  accompanied  by  two,  and  the  posterior  also 
by  two  or  sometimes  three,  of  these  little  organs.  They  are  remaj-kable  fi'om 
their  distinctly-rounded  outline,  their  great  refractive  power,  and  their 
homogeneous  stracture.    In  Spirostomum  ambiguum,  each  of  the  grains  of 
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the  lon<^  moniliform  cord  which  here  replaces  the  oval  nucleus  of  the  other 
8pecies,*gives  lodgment,  in  a  deep  depression  of  its  sui-face,  to  a  small  rounded  - 
corpuscle,  Avhich  corresponds  with  the  nucleole  of  the  preceding  species  ;  this 
brings  the  number  of  testicles  in  this  animal  to  forty-five  or  fifty.  I  have 
only°been  able  to  perceive  them  in  individuals  which  have  been  copulating 
for  a  certain  time,  and  by  employing  dHute  acetic  acid.  It  is  very  probable 
that  an  analogous  arrangement  will  be  found  in  the  other  types,  m  which  the 
nucleus  is  formed  of  grains  placed  in  a  single  row,  like  a  necklace,  such  as 
Stentor,  Kondylostomum,  Trachelius  moniliger,  &c. 

"  III.  The  evolution  of  the  male  genital  apparatus  of  the  Infusoria,  as  just 
characterized,  in  the  other  species  of  the  genus  Paramecium  does  not  differ 
from  that  presented  to  us  by  P.  Bursaria.  In  the  Oxijtrichina  each  of  these 
organs  remains  entire,  becomes  enlarged,  and  exhibits  in  its  interior,  applied 
against  its  wall,  a  thick  granular  body,  furnished  with  a  tubular  appendage, 
which  projects  into  the  cavity  of  the  capsule,  and  appears  to  be  open  at  its 
free  extremity.  This  tube,  which  seems  to  be  an  excretory  duct,  often 
appeared  to  be  filled  with  capillary  filaments  of  extreme  fineness,  arranged 
parallel  to  the  axis  of  the  duct  in  question,  in  which  they  were  fixed  by  a 
portion  of  their  length,  whilst  the  remainder,  escaping  by  the  orifice  of  the 
tube,  radiated  in  all  directions  in  the  interior  of  the  capsule.  Subsequently 
the  granular  body  and  its  duct  disappear,  and  the  filaments,  becoming  free, 
collect  into  a  bundle,  which  fills  the  whole  of  the  formative  sac.  Although 
I  have  never  seen  them  execute  any  movements,  I  do  not  hesitate  in  consi- 
dering them  as  the  spermatic  filaments  of  these  animals. 

"  IV.  It  is  with  equal  certainty  that  we  may  call  the  nucleus  the  female 
genital  organ  of  the  Infusoria,  in  opposition  to  the  perfectly  hypothetical 
assertion  of  Ehrenberg,  who  regards  it  as  the  testicle.  Its  evolution  Hkewise 
only  commences  at  the  time  of  reproduction,  and  often  during  the  sexual 
union  itself.  In  P.  Aurelia  and  P.  caudatum,  towards  the  end  of  the  copulation, 
its  surface  is  traversed  in  aU  directions  by  numerous  fiuTows,  which,  penetrat- 
ing deeper  and  deeper  into  its  mass,  finally  divide  it  into  a  great  number  of 
unequal  and  irregularly-rounded  fragments,  having  a  clear  centre  more  or 
less  surrounded  by  granules.  I  should  compare  these  with  the  first  rudi- 
ment of  a  vitellus,  and  the  transparent  central  portion  to  a  more  or 
less  developed  germinal  vesicle.  The  fragments  thus  formed  are  soon  dis- 
persed in  the  surrounding  parenchyma.  Here  a  very  small  number  of  them, 
almost  always  four,  never  more  and  very  rarely  less,  complete  their  evolution, 
and  soon  acquire  the  appearance  of  complete  and  well- developed  ova.  In 
this  state  they  present  themselves  in  the  form  of  small  brilliant  bodies,  per- 
fectly equal  in  volume,  slightly  oval,  and  of  a  bluish-grey  appearance.  We 
may  very  clearly  distinguish  in  them  a  finely-granular  vitellus,  suiTounded 
by  its  proper  membrane,  which  separates  from  it  more  or  less  after  a  few 
moments'  exposure  to  water.  The  germinal  vesicle  and  spot  are  also  visible 
with  a  distinctness  tnily  siu-prising,  considering  that  we  have  to  do  hero  mth 
the  smallest  of  living  organisms.  I  have  met  with  these  ova  still  enclosed  in 
the  body  of  the  animal  on  the  seventh  day  after  the  copulation :  they  no 
longer  exhibited  either  germinal  vesicle  or  spot ;  and  theu-  volume  had  slightly 
increased.  In  the  aUied  species,  P.  Bursaria,  the  reniform  nucleus  becomes 
unrolled  before  breaking  up,  and  in  this  state  resembles  the  ribbon-shaped 
nucleus  of  the  Vorticella;.  About  twenty  or  twenty-five  of  the  fragments 
produced  from  it  continue  their  development  and  become  so  many  perfect 
ova.  In  the  nucleus  of  Ohilodon  Cmullulus,  also,  we  obsei-ve,  after  the  copu- 
lation, the  disappearance  of  the  transparent  zone  with  its  central  obscure 
spot.    In  the  genera  Stylonychia  and  Urostyla  the  ova  are  foiu-  in  number. 
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as  in  Paramechim  cauclamn,hut  thoy  are  produced  by  a  different  mechanism. 
Each  of  the  two  nuclei  divides  iato  two  halves,  as  in  the  act  of  spontaneous 
division ;  and  the  four  fragments  thus  produced  form  an  equal  number  of 
perfect  ova.  Lastly,  in  Spirostomum  ambiguum,  wo  have  seen,  in  individuals 
which  have  been  copulating  for  some  time,  the  forty  or  fifty  grains  of  the 
long  flexuous  cord  which  traverses  the  body  become  rounded  and  detached 
from  each  other.  But  we  have  been  unable  to  discover  in  these  aU  the 
characters  of  an  ovum  with  the  same  distinctness  as  ia  the  preceding  species, 
no  doubt  because  they  had  not  yet  arrived  at  their  complete  development. 

"  Y.  I  have  not  witnessed  the  deposition  of  the  ova  ia  these  animals.  It 
is  very  probable  that  they  escaped  by  the  anus,  or  by  some  neighbouring 
aperture.  Thus,  in  the  Stylonychice,  I  have  seen  them  collect  in  the  posterior 
part  of  the  body,  which  bears  the  anal  orifice,  and  diminish  gradually  in  num- 
ber from  the  first  or  second  day  after  the  copulation.  It  is  a  sing-ular  thing, 
that  about  this  period  a  round  pale  body  begins  to  make  its  appearance  in  the 
centre  of  the  animal ;  this  becomes  constricted  about  the  middle,  and  recon- 
stitutes the  double  nucleus  of  Stylonychia. 

"  VI.  The  Infasoria  are  destitute  of  copulatory  organs.  In  most  cases  the 
copulation  is  effected  by  simple  juxtaposition,  the  two  mouths  establishing 
the  sexual  communication  {Paramecium,  Bursaria,  Euplotes,  Ghilodon,  Spiro- 
stomum).  In  the  Oxijtrichina  the  union  is  more  intimate,  and  goes  so  far  as 
to  constitute  a  tnie  soldei-ing  of  the  two  individuals  for  more  than  two-thii-ds 
of  their  anterior  part.  Any  one  who  had  not  witnessed  aU  the  phases  of  this 
singular  copulation,  would  be  unable  to  avoid  regarding  this  state  as  a  longi- 
tudinal division,  proceeding  from  behind  forwards,  in  a  single  animal.  But, 
even  if  direct  observation  were  wanting,  the  concomitant  changes  of  the 
internal  organs,  which  are  so  characteristic,  cannot  leave  the  least  doubt  as 
to  the  actual  signification  of  this  act." 

OvuiES.— In  Ehrenberg's  organology  of  Infusoria,  ovules  or  ova  assumed  a 
high  importance.  The  structures  he  so  designated  had  no  distinctive  featm-es 
assigned  them,  whereby  they  could  be  distinguished  fi'om  other  coi-puscles 
and  granules  in  the  interior;  and,  in  consequence,  their  existence  could  not 
be  confirmed  by  other  microscopists,  who  for  the  most  part  declared  that  the 
supposed  ova  were  indifferently  alimentary  vacuoles,  particles  of  food,  fat 
globules,  or  the  ordinary  granules  of  the  interior.  The  general  opimon  became 
pronounced  against  the  very  existence  of  ovules  and  of  development  by  their 
means,  whHst  the  deposition  of  ova,  which  Ehrenberg  behoved  he  witnessed  m 
several  instances,  was  explained  to  be  an  act  of  dlfluence  misconceived.  Ihis 
explanation,  for  instance,  has  been  given  to  his  recorded  observation  and  his 
figures  of  the  act  of  oviposition  in  Golpoda  Gucidlulus,  which  represented  this 
animalcule  as  bursting  and  giving  vent  to  strings  of  ova,  which  first  ran 
together  in  a  reticulate  manner,  and  then,  after  a  time,  became  indmduaUy 
developed  into  young  Col2:>odce.  According  to  the  opposite  view  the  bursting 
and  extrusion  of  contents  are  no  other  than  the  phenomena  of  diffluence  and 
the  dispersion  of  particles  of  sarcode,  whilst  the  yoimg  supposed  to  ongmate 
from  those  particles  are  merely  minute  Monads  or  monadiform  coi-pusclcs 
found  in  company  with  the  CoJ/podoi.  •    .  j  a 

One  obiection  brought  against  the  assumption  of  ova  being  ejected  fi-om 
Protozoa  iii  the  exercise  of  a  generative  function  is  certamly  frivolous— viz. 
that  the  empty  or  broken  sheUs  of  the  ova  ought  to  be  met  with  ;  for  the  shell 
of  an  eo-o-  however  useful  in  larger  animals  as  a  defence  agamst  injury,  is  no 
essentiaf  part  of  an  ovum  ft'om  which  a  new  being  can  be  developed. 

StCgh  the  existence  of  ova  among  the  Clliata  has  been  denied  by  the 
greli  authorities  on  Infusoria-by  KoUiker,  Siebold,  Leuckait.  Cohn,  Stem. 
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Van  der  Hoeven  and  others,  yet  it  has  latterly  found  two  advocates  in  Prof. 
Pei-ty  and  Mr.  Carter.  The  latter  writer  (A.  N.  H.  1856,  xviii.  p.  225)  can 
adduce  little  direct  evidence  to  support  his  views,  and  seems  to  rest  more 
weight  upon  oi'gument  from  analogy  with  Anioehcea,  Arcellina,  Astasice,  and 
Euglence,  in  all  which  he  has  satisfied  his  own  mind  of  the  presence  of  ovules, 
and  of  their  development  in  the  two  latter  genera.  "The  same  kind  of  develop- 
ment," he  writes,  "  of  the  ovule  probably  takes  place  in  aU  the  Ehizopoda  as 
in  SponcjiUa  and  m  Astasia  and  Eucjlena :"  but  this  is  not  proving  that  Rhi- 
zopoda  are  developed  by  ova ;  and  the  entire  value  of  the  presumed  analogy 
Avith  AstasicB  depends  on  our  admitting  a  natural  affinity  and  close  similarity 
in  organization  between  that  family  and  Ciliated  Protozoa,  on  the  one  hand, 
and  Ehizopodous  Protozoa  on  the  other.  Indeed,  we  imagkie  the  prevailing 
opioion  to  be,  that  the  history  of  development  of  Astasicea  corresponds  rather 
with  that  of  vegetable  organisms  than  with  that  of  the  Protozoa  ;  for  this  so- 
called  ovular  reproduction  of  the  Astasioia  certainly  seems  analogous  with  the 
development  of  zoospores  iu  many  unicellular  Algse. 

To  recui'  to  J^Ir.  Carter's  statements,  he  teUs  us  he  applies  the  term 
"  ovules  "  to  "  a  number  of  discoid  or  globular  nucleated  cells,  which  appear 
together  in  the  sarcode  of  some  of  the  Infusoria  ; "  and  he  subsequently  pro- 
ceeds to  uphold  his  views  by  his  own  personal  observations,  and  by  inferences 
drawn  from  others.  "  In  many  of  Ehrenberg's  enterodelous  Infusoria  it  is 
not  uncommon  to  see  a  number  of  defined  globular  bodies,  of  nearly  equal 
size  and  of  a  faint  opaque  yeUow  colour,  which  closely  resemble  ovules — 
e.  g.  Amphileptus  fasciola  (Ekr.),  Himantopliorus  Charon  (Ehi'.),  &c. ;  nor  is 
it  improbable  that  many  of  his  Trachelina,  which  come  near  Planaria,  possess 
ovules  similar  to  those  which  are  found  La  the  latter ;  but,  from  being  so  much 
mixed  up  with  the  spherical  cells,  pass  equally  unnoticed  while  in,  as  well  as 
when  out  of,  the  body,  under  such  circumstances.  M.  J.  Haime,  however,  has 
distinctly  seen  instances  in  which  these  bodies  have  been  ejected  from  Infusoria, 
and  have  passed  into  locomotive  animalcules  under  his  eye.  Thus  he  states 
that  in  Plossconia  they  form  a  group  of  from  forty  to  fifty  in  the  middle  of 
the  body,  are  round,  issue  one  by  one,  remain  tranquil  some  time,  then  deve- 
lop two  filaments,  one  in  front,  the  other  behind,  and  move  about  rapidly. 
In  an  '  imdescribed  '  species  of  Dileptus  they  are  whitish,  and  form  a  wreath 
extending  almost  throughout  the  whole  length  of  the  body,  become  yellow 
towards  the  anal  extremity,  where  they  pass  out  with  the  remains  of  the 
food,  soon  develope  two  opposite  filaments,  and  move  about  rapidly.  In 
Paramecium  Aurelia,  M.  Haime  states  that  an  ovary  appears  some  hours 
before  death,  about  the  middle  of  the  body,  which  becomes  filled  with  about 
sixty  little  nuclei :  these  increase  in  size,  burst  the  ovisac,  and  thus  pass  into 
the  body  of  the  parent,  fr'om  which  they  finally  escape  by  an  opening  in  the 
tegumentary  covering,  formed  by  the  diffluence  of  the  latter ;  and  the  ovisac 
follows  them." 

Perty  has  used  great  diligence  in  seai-ching  for  the  presence  of  ovules  or 
more  accurately,  of  germs  (Blastien),  and  has  adduced  various  arguments  for 
their  existence.  He  states  (op.  cit.  p.  66)  that  their  aspect  is  distinctive, 
although  their  colour  vanes  in  dilferent  species,  that,  imlilce  food,  they  re- 
tain their  form,  increasing  only  in  size,  and  that,  on  the  dissolution  or  brealdng 
up  of  the  ammalcules,  they  display  themselves  as  free  individualized  struc- 
tures. It  LS  only,  he  adds,  m  incomplete  foms,  in  young  and  imperfect  beings, 
that  any  doubt  can  exist  respecting  the  character  of  these  corpuscles.  Ovular 
development  does  not  take  place  as  Dujardin  surmised,  by  detached  morsels 
ot  the  sarcode,  nor  by  ova  such  as  Ehrcnberg  supposed,  but  by  a  peculiar 
set  of  bodies,  onginating  in  the  interior  of  the  animals,  and  progressively 
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multiplied.  Their  minuteness  is  a  bar  to  observation  ;  and  it  is  onlj'  by  the 
concurrence  of  favoui-able  circumstances — by  the  presence  of  the  ovules  in 
their  first,  intermediate,  and  finished  stages — that  they  can  be  satisfactorily 
made  out  as  in  Nassula  aurea,  Euglena  viriclis,  Chonemonas  bicolor,  &c. 
Fission  may  be  several  times  repeated ;  but  the  formation  of  genns  takes  place 
at  the  expense  of  the  contents  of  the  parent. 

The  unusually  small  size  of  many  animalcules  is  another  argument  advanced 
in  favour  of  propagation  by  germs  or  ova,  since  the  act  of  fission  is  limited  to 
a  certain  size,  and  the  natural  characters  of  the  species  are  to  be  preserved. 
Thus  Pertymet  with  examples  of  Kerona  pustulata  as  small  as  1-70"',  which 
could  scarcely  originate  from  fission.  They  were  exactly  like  the  original 
animalcule  except  in  being  more  round.  Specimens  of  Pleuronema  crassum 
occur  no  larger  than  1-90"',  devoid  of  molecules,  more  transparent  and  slender 
than  old  ones,  with  a  more  pointed  apex,  but  otherwise  their  counterpart. 
Again,  Nassula  aurea  varies  from  1-150"'  to  1-12"' ;  and  in  those  of  1-50"'  the 
rudiments  of  the  "  dental"  apparatus  ai-e  distinguishable.  AnAmpUleptus  mo- 
niliger,  1-6"',  having  a  very  short  neck,  was  distended  by  100-150  germs  or 
ovules  surrounded  by  some  thousands  of  fine  molecules  ;  that  these  were  neither 
vacuoles  nor  stomach-sacs  was  seen  at  places  where  they  displayed  themselves 
as  individualized  corpuscles.  Moreover  there  were  no  other  animalcules  or  par- 
ticles of  food  in  the  glass  containing  the  AmjpUleptus,  and  all  the  germs  were 
uniform  in  size,  in  hue,  and  in  refractibihty,  and  readily  distinguishable  from 
some  swaHowed  Infusoria  present  in  some  spots.  The  green  spheroidal  cor- 
puscles in  Paramecium  versutum,  having  a  medium  size  of  1-450"',  are  true 
ovules:  they  do  not  change  colour,  like  the  green  nutiitive  matters  of  Infusona, 
to  yellow,  red,  or  brown  ;  and  when  the  animalcule  is  left  dry  by  evaporation, 
they  become  isolated.  Although  no  germinal  speck  is  discoverable  m  these 
bodies  as  in  ordinary  ovules,  yet  it  is  remarkable  that  a  fold,  streak,  or  darker 
space  is  visible.  SmaU  specimens  of  tHs  Infusorium  also  occur  m  which  the 
ovules  axe  colourless  or  pale  green ;  and  on  one  occasion  Peri;y  saw  amid  the 
fuUy-developed  individuals,  oval  greenish  animalcules  of  about  1-60  ,  which 
seemed  no  other  than  the  escaped  germs  of  the  Paramecium.  _ 

Such  are  some  of  the  principal  observations  Perty  appeals  to  m  order  to 
substantiate  his  hypothesis  of  internal  germs  and  of  development  from  them. 
He  has  given,  in  illustration,  a  number  of  figui-es  ;  but  they  are  _  too  nidely 
drawn  to  efficiently  answer  their  object ;  and  we  must  confess  our  mabihty  to 
receive  the  fact  of  the  existence  of  ova  or  germs  as  at  all  demonstrated  in  the 
Ciliata  either  by  the  researches  of  Mi'.  Carter  or  of  Perty.  The  discoid  or 
globular  nucleated  ceUs  which  the  fii'st-named  writer  makes  out  so  clearly  m 
the  AstasicBa,  are  merely  supposed  to  be  represented  by  certain  "  defined  glo- 
bular bodies  of  nearly  equal  size  and  of  a  faint  opaque  yeUow  coloi^,  which 
closely  resemble  ovules  "  (why?),  not  uncommon  in  many  cihated  Protozoa, 
e  a  "AmpJiUeptus  fasdola,  HhnantopJwrus  CJiaron,  &c."  Such  evidence  is 
Wy  presumptive,  and  is  Httle  aided  by  M.  Jules  Haime's  anomalous  obser- 
vations Kespecting  Perty's  arguments  and  reported  phenomena,  it  may  be 
obiected  that  he  does  not  establish  his  attempted  rigorous  description  of  gems 
—does  not  show  their  distinctive  pecuUaiities  as  stated,  and  seems  to  have 
confounded  together  various  internal  bodies  in  Ms  description  of  germs.  Thiis 
in  the  Paramecium  versutum  (which  he  presumes  to  be  the  same  ammalcule 
described  by  Cohn  as  Lo.vodes  BursaHa)  the  green  spheroidal  corpuscles 
look  to  be  nothing  more  than  the  cUorophyU  globules  pomted  out  by 
PnTiTi  nnd  Stein  Again,  of  the  ambiguous  corpuscles  m  other  Protozoa  cited 
^""iTes  or  germsf  it'is  simply  from  their  doubtful  character  that  this 
L  b^  presumed ;  for  our  knowledge  of  the  contents  of  the  Cihata,  of  the 
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changes  they  may  visibly  undergo  from  the  action  of  external  agents,  from 
ago,  and  other  conditions,  is  at  present  too  imperfect  to  signalize  certain  par- 
ticles, definable  by  no  sufficient  chai-acteristics,  as  special  structures,  such  as 
ova, — unless,  indeed,  we  can  watch  thei^•  origin,  growth,  extrusion,_  and  de- 
velopment into  animalcules  assuming  the  particular  form  and  organization  of 
the  parent  animal  at  an  earlier  or  later  date.  Perty,  indeed,  has  imagined — not 
proved — certain,  minute  organisms  floating  in  the  vicinity  of  an  animalcule, 
having  about  the  same  size  as  the  supposed  internal  ovules,  to  be  the  young 
resulting  from  those  germs  ;  and  although  it  cannot  be  denied  that  he  is  in 
the  light,  yet  it  is  for  him  to  show  that  he  is  so,  by  elucidating  the  phases  of 
development ;  and  we  must  always  keep  in  view  the  very  erroneous  fancies 
which  result  from  these  supposed  relations  between  contiguoas  organisms, 
veiy  probably  only  accidentally  brought  together, — of  which  we  have  an 
illustration  in  the  visionary  hypotheses  of  spontaneous  development  and 
ascendant  embryogeny  put  forth  by  Gros  and  others. 

We  have  stated  the  preceding  objections  against  the  particular  statements 
of  Carter  and  Perty,  and  not  against  the  hypothesis  of  the  production  of  in- 
ternal germs  ;  for  sufficient  examples  are  on  record  of  the  production  of  such 
germs  and  of  li^dng  embryos  within  animalcules,  after  preparatory  develop- 
mental changes,  fi-om  the  fission  and  breaking  up  of  the  nucleus.  Before  leaving 
this  hypothesis  of  the  existence  and  development  of  internal  genns,  it  is  but 
right  to  mention  that  it  has  been  received,  among  others,  by  Eckhard  and  by 
Oscar  Schmidt,  both  of  them  supporters,  in  almost  all  their  details,  of  Ehren- 
berg's  views,  and  who  are  believed  by  most  authorities  to  have  too  much  the 
character  of  advocates  of  a  particular  theoiy,  to  discuss  or  to  observe  in  ge- 
neral without  prejudice.  To  allude  briefly  to  theii-  observations,  Eckhard 
{A.  N.  IT.  1847,  xviii.  Supi^l  p.  446)  in  the  first  place  remarks,  as  others 
have  done,  on  the  very  different  sizes  of  animalcules  of  the  same  species,  as 
a  proof  of  ovular  development,  arguing  that  the  very  smallest  cannot  result 
from  fission  or  gemmation.  To  this  he  appends  an  observation  made  on 
Stentor  cceruleiis  (XXIX.  8),  which,  from  its  completeness  and  apparent 
truthfulness,  deserves  quotation  when  we  come  to  speak  of  the  development 
of  ova.  Schmidt  corroborates  Eckhard's  statement  of  the  production  of 
living  germs  from  Stentor  cceruleus,  and  afflrms,  in  addition,  that  germs  are 
frequently  extmded  and  developed  outside  the  parent,  and  that  their  subse- 
quent development  from  minute  globular  and  conical  transparent  and  almost 
coloui-less  organisms,  with  long  cilia,  may  be  watched  thi-ough  all  the  inter- 
mediate stages  until  the  complete  animalcule,  with  its  spiral  ciliary  wreath 
and  mouth,  is  perfected. 

The  preceding  speculations  on  the  development  of  ovules  and  germs  have 
their  importance  materially  modified  by  M.  Balbiaui's  recent  researches  and 
hypotheses  respecting  the  prevalence  of  asexual  mode  of  reproduction  among 
the  Cihata,  as  detailed  above  (pp.  329-334). 

Spermatozoids  (?  ).-This  term  is  provisionally  appHcd  by  Mr.  Carter  to 
granules  originaUy  developed  from  the  nucleus  in  Ama>ba,  Eughmha,  and 
Spongdh,  and  supposed  by  him  to  impregnate  the  ovidcs.  "  With  reference 
to  the  organs  of  generation,"  he  writes  (yl.  N.  IT.  185G,  xviii.  p.  228),  "  in 

nine  tfin  rSl'?''"'  /vv vtS      "'"^■'^  ^^"'^  is  a  fusiform 

7;  r  '\?'T'"  25,  26),  I  have  also  constantly  seen  a  buncli 

of  stnng-hke  filaments  floating  about  its  interior,  which  appeared  to  be  at- 
uicnea  neai  tUe  buccal  cavity ;  and  although  1  could  make  out  nothing  more,  I 
could  at  the  same  time  only  liken  these  to  the  generative  apparatus  in  the 
mentioned,  which  floats  round  the  buccal  cavity  and  upper  part  of 
tho  membranous  stomach  in  a  similar  manner  "  ' 


338 


GENERAL  DISTOKY  OF  THE  INFUSORIA. 


The  notice  of  Mr.  Carter,  of  the  peculiar  structures  he  would  designate 
spermatozoids,  is  as  yet  imconfii-med  by  other  wiiters ;  and  we  must  therefore 
consider  their' natm-e  and  purpose  still  stt6  >cZtce.        ,  ,  ^o^o  ^^ 

Since  the  above  was  wi'itten,  M.  Balbiani's  researches  {A.  N.  H.  1858,  vol. 
p  435)  coniirm  Mr.  Carter's  opinion  so  far  as  relates  to  the  development  of 
spermatozoids  or  male  reproductive  elements,  but  refers  theii-  origin  to  the  nu- 
cleolus mstead  of  the  nucleus.  In  oiu-  history  of  these  last-named  organs,  we 
have  presented  M.  Balbiani's  views,  and  must  here  refer  back  to  them  (p.  329). 

AccEssoBT  Contents: — Granules;  Molecules;  Bpheuical  Cells;  Sup- 
posed Glands.— Among  the  remaining  contents  of  the  Ciliata  are  numerous 
granules,  molecules  and  fat-cells.  Mi'.  Carter  {A.  N.  H.  1856,  xviii.  p.  121) 
makes  a  distinction  between  granules  and  molecules— two  terms  which  by 
others  are  very  loosely  used  and  not  speciaUy  defined.  Tins  wiiter,  however, 
would  restrict  the  term  molecules  (moleculaj)  to  coloiuiess  granules  more 
minute  than  those  he  imderstands  by  the  latter  appellation.  "  They  dJjer  m 
size,  and  are  the  fii-st  bodies  that  appear  in  it  {i.  e.  the  sarcode)  .  .  •  JiJ  the 
time  the  ovules  have  become  fuUy  formed,  the  sarcode  and  its  moleculte  have 
died  off  or  disappeared." 

The  granules  "  make  their  appearance  among  the  moleculse,  and  are  cii- 
culated  round  the  abdominal  cavity  in  the  manner  of  the  digestive  globiiles 
and  particles  of  food.    They  are  of  different  sizes,  but  chiefly  characterized 
bv  being  much  larger  than  the  moleculae,  few  in  number,  of  a  circular,  ellip- 
tical elongated,  subround,  or  irregular  shape,  with  thick  dark  edges,  appa- 
rently produced  by  obstmction  to  the  passage  of  light,— coloui-less,  or  of  a 
veUowish-green  tint.    When  large,  and  with  no  other  granular  matters  pre- 
sent but  the  moleculse,  they  form  a  sti-iking  feature  in  the  interior  of  A,rweba, 
Vorticdla,  Oxytricha,  Paramecium  Aurelia,  &c. ;  but  at  tunes  they  are  so  in- 
significant in  size  as  to  be  undistinguishable  fi'om  the  moleculee,  even  if 
niesent  at  aU.    That  they  are  not  ovules  may  be  satisfactorily  seen  when 
both  are  together,— the  dark,  thick,  and  frequently  ii-regular  edges  and  coloui-- 
less  state  of  the  former  contrasting  strongly  with  the  thm  circular  margin 
and  faint  yellow  tint  of  the  latter.    They  appear  to  mcrcase  m  size  and 
number  mth  the  age  of  the  Infusorium,  and,  when  fiiUy  developed,  to  remam 
3tered  in  size,  though  apparently  somewhat  shnveUed  in  form,  until  then- 
dissolution.    On  one  occasion,  while  watching  the  metamorphosis  of  anOxy- 
tkha  (simHar  to,  but  not  the  same  as,  that  described  by  M  Jules  Haime, 
and  of  which  I  hope  to  give  a  detailed  account  hereafter)  these  granules, 
Lino-  the  formation  of  the  globular  ceU  within  the  body  which  enclosed  the 
materials  from  which  the  Pto«m  was  ultimately  developed,  became  con- 
gregated together  at  the  posterior  extremity  of  the  Oxyt^-icJia  and  remained 
Sere  in  a  roundish  mass)  shut  out  from  the  cell,  until  the  latter  burst  for 
Jhe  liberation  of  the  Plc^sconia,  when,  with  the  deciduous  covenngs  hey 
passed  into  dissolution.   Of  the  natm-e  of  theii-  office  I  am  ignorant ;  but  they 
are  sufficiently  remarkable  and  constant  to  demand  particular  notice.  _ 

Perty  speaks  of  molecules  and  granules  together,  and  exin-esses  his  opinion 
that  some  are  simple  fat-corpuscles,  and  others  the  fii'st  rudiments  of  mterna 
lernis  ^-  ovules.  Stein  also  carefully  distinguishes  fat-granules  from  others 
Sot  fotty  In  Opercularia,  EpistyUs,  and  alUed  genera  of  Vortu^elhna,  this 
Ob  erver  points  out  that  no  p^i-ticles  of  food  penetrate  to  the  Postenor  ^j^^ 
mitv  where  its  diameter  is  narrowed  to  unite  with  the  stem,  but  that  tins 
^el'nT  occupied  with  a  heap  of  large  fat-corpuscles  and  of  —  giWes 
nfTXbablv  the  same  natui-e.  Isolated  corpuscles  resemble  precisely  the  fat- 
-Til  lttered  through  the  body.  He  cannot  assent  to  Ehi-enberg  s  pro- 
'pSitt:  f hattl  tl  o'f  grnnules\epresents  a  sort  of  loose  ovary,  but  would 
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consider  it  to  be  a  store  of  nutritive  matter  specially  intended  to  funiLsh  the 
material  required  in  the  construction  of  the  stem. 

Under  the  name  of  ^'  splwncal  cells  "  Mr.  Carter  (op.  cit.  p.  124)  describes 
some  special  structures,  which,  so  far  as  we  know,  are  not  mentioned  by  any 
other  obsei-ver.  "  They  aboimd,"  he  writes,  "  in  the  sarcode  of  Otostoma 
(XXVIII.  25,  26),  and  apparently  in  many  of  Ehrenberg's  '  AUotreta.'  In 
Otostoma  they  are  of  different  sizes,  because  they  are  in  all  stages  of  develop- 
ment ;  and  to  keep  up  theii-  numbers  without  distending  the  animalcule,  they 
must  be  continually  undergoing  rapid  decay  as  well  as  reproduction.  The 
most  remarkable  featui-e  in  them  is,  that  the  largest  contain,  besides  other 
granular  bodies,  several  small  ceUs  filled  with  a  yellowish-brown  fluid  ;  and 
these  cells  are  also  found  fi-ee  among  the  general  group ;  but  of  what  theii- 
ultimate  destination  is,  as  they  do  not  appear  to  grow  larger,  or  to  become  re- 
productive, we  know  nothing."  On  comparing  these  cells  with  those  seen 
in  the  stomachs  of  Planario)  and  Rotifera,  Mi-.  Cai-ter  concludes  that  they  are 
homologous  with  them,  and  represent  a  bihary  secreting  organ.  "Although," 
he  adds,  "  ovules  may  occasionally  issue  together  with  these  cells  from  Oto- 
stoma, &c.  as  well  as  from  the  Planariai,  yet  the  two  can  hardly  be  con- 
founded." 

On  the  correctness  of  this  description  we  have  no  means  of  deciding  :  the 
genus  Otostoma  has  not  fallen  under  our  observation ;  and  the  figm-es  to  illus- 
trate these  spherical  cells  convey  no  clear  conception  of  their  characters.  We 
might  hazard  the  conjecture  that  these  supposed  definite  cells  are  only  glo- 
bules of  food ;  for  we  are  scarcely  prepared  to  admit  the  existence  of  hepatic 
cells  in  the  simple  tissue  of  Protozoa,  between  wliich  and  the  complex  organ- 
ization of  Eotrfera,  with  their  true  membranous  stomach,  so  wide  a  difiference 
subsists  that  no  true  homology  can  obtain. 

Perhaps  the  coloured  "  spherical  ceUs  "  of  Mr.  Carter  are  identical  with 
the  yeUo^vish  and  brown  vesicles  Perty  (pp.  cit.  p.  53)  separated  from  Nas- 
sula  aurea  by  crashing  it  between  the  glass  sUde  and  cover,  from  •g-fnnr'" 
to  Ywwu  "  ^  which  he  concluded  to  be  fat-globules,  and  only 

another  stage  of  development  of  numerous  smaller  white  corpuscles  he  met 
with  in  the  same  being. 

Stein  has  established  the  existence  of  a  pair  of  oblong  or  reniform  solid 
glandular-looking  organs  a  little  beneath  the  peristom  of  Opercularia  arti- 
culata  (XXX.  20),  the  purpose  of  which  cannot  be  sui'mised.  Lachmann 
has  hinted  at  the  possibility  of  their  being  nervous  ganglions,  but  neverthe- 
less feels  quite  unable  to  express  an  opinion. 

The  chlorophyll-corpuscles,  chiefly  confined  to  the  soft  subtogumentary 
lamina,  have  already  been  spoken  of  (p.  297),  and  need  no  farther  notice, 
except  it  be  to  recall  an  opinion  of  Cohn,  that  the  coloured  masses,  caUed 
by  Ehrenberg  ciliary  glands,  seen  in  a  few  species  of  Nassula,  are  probably 
of  the  same  nature  as  those  corpuscles. 

CiKCULATiON  OF  CONTENTS  (XXIX.  25). — The  remarkable  phenomenon 
of  the  circulation  or  rotation  of  a  portion  of  the  contents,  similar  to  the  cy- 
closis  in  the  cells  of  many  plants,  is  witnessed  in  most  of  the  Ciliated  Protozoa. 
It  had  attracted  the  notice  of  several  observers  before  Elu-enberg  pubhshed 
his  great  work  in  1838,  and  was  very  speedily  urged  in  argument  against  his 
views  of  polygastric  organization,  to  wliich,  indeed,  it  seemed  fatal,  inasmucli 
as  such  a  rotation  is  clearly  incompatible  with  the  existence  of  stomachs  at- 
tached to,  and  connected  together  by,  a  fixed  intestine.  To  meet  tlie  objec- 
tion thus  raised,  the  Berlin  professor  suggested  that  the  apparent  circulation 
was  abnoi-mal,  or  a  diseased  condition,  the  consequence  of  an  over- distension 
of  one  stomach-sac  at  the  sacrifice  of  others,  an  explanation  quite  inadmissi- 

7.  2 
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ble,  since  the  phenomenon  is  one  to  be  very  frequently  observed  in  animal- 
cules evidently  in  full  functional  activity  and  uninjured,  and  because  the 
particles  of  food  entering  the  interior  assume  their  usual  globular  form  (i.  e. 
acquii-e  the  characters  given  by  Ehrenberg  to  his  so-called  stomach-sacs),  take 
theii-  usual  course,  and  do  not  accumulate  in  a  confused  manner  wthin  a  large 
fao,  such  as  the  supposition  in  question  implies. 

Microscopists  are  now  agreed  in  representing  this  rotation  to  be  confined 
to  a  layer  or  stratum  of  the  contents  within  the  subteg-umentary  or  cortical 
lamina,  and  not  to  extend  to  the  central  portion,  as  Cohn  represented  {Zeitsclir. 
1851,  p.  265).     The  ciu-rent  is  fi'om  left  to  right,  as  we  look  down  upon 
the  animalcule  (XXIX.  25)  imder  the  microscope,  and  therefore  is  actually 
the  reverse,  or  from  right  to  left,  with  regard  to  the  animal  itself.    It  never 
changes  its  dii-ection  or  com-se  ;  but  its  rapidity  varies  in  different  species,  and 
even  in  the  same  species  under  different  cii'cumstances  affecting  its  vitahty : 
such  are,  among  external  conditions,  light,  air,  warmth,  and  food  ;  others,  age, 
the  encysting  and  reproductive  acts.    Cohn  observed  that  some  pai-ticles  m  a 
Paramecmm  Bursaria  occupied  11  to  2  minutes  in  maldng  the  circuit.  In 
Vorticella  the  cm-rent  is  slower.    The  stream  is  composed  of  a  thin  mu- 
cilao-inous  matter,  bearing  in  it  numerous  granules  and  molecules,  fat-cor- 
puscles, globules  of  food  (the  stomach-sacs  of  Ehrenberg),  and  the  remnants 
of  aUmentary  matters  in  their  passage  to  the  dischargmg  outlet.    The  chio- 
rophyU-corpuscles  of  the  cortical  layer,  the  nucleus,  and  the  contractile  vesi- 
cles are  not  involved  in  the  ciuTent,  tmless,  indeed,  a  few  of  the  fii-st  named 
when  accidentaUy  detached  from  their  matiix.  The  nueleii^  lies  more  or  less 
within  the  stream ;  and  although  moveable  to  a  considerable  extent  at  times 
by  the  onward  pressure  of  a  bolus  of  food,  it  yet  seems  to  maintam  a  con- 
nexion with  the  subtegumentary  lamina,  and  to  escape  being  di-aATO  into  the 
rotating  current.    Eui'ther,  in  the  large  rortkelUna,  such  as  Ep^styhs  and 
Opercularia,  the  mass  of  fat-corpuscles  at  the  base  of  the  body  does  not  join 
i£  the  current ;  and  it  must  be  noted  that  the  food-globules  do  not  cu-culate 
until  they  have  lost  the  independent  motion  received  by  them  on  theu-  pro- 
pulsion from  the  extremity  of  the  oesophagus. 

The  most  correct  view,  in  oiu-  opinion,  of  the  nature  of  the  rotating  stream, 
is  that  of  Lachmann,  who  conceives  it  to  be  the  nutntive  fluid  elaborated  fr-om 
the  food  —in  a  word,  "  chyme."  Such  a  fluid,  analogy  suggests  to  be  needed 
bv  the  cortical  and  sarcode  laminae  over  wliich  it  spreads  itself,  to  supply  ma- 
terial for  their  renovation  and  rebuilding,  and  to  compensate  for  the  constant 
waste  consequent  on  the  perpetual  movements  of  the  animal.  And  may 
we  not  fiu-ther  presume  that  this  cuiTcnt  also  senses  to  bear  away  from 
the  lamina  efi-ete  pariicles  prior  to  their  eHmination,  just  as  the  blood 
of  hi-her  animals  serves  both  as  a  pabulum  to  the  tissues  and  a  channel  tor 
the  removal  of  theii-  worn-out  material?  Moreover,  tHs  cii-culation  of  a  nu- 
ti-itive  fluid  around  the  inner  layer  of  the  animalcule  has  its  analogy  m  the 
rotation  of  a  similar  fluid  around  the  general  abdominal  cavity  of  the  Loeien- 
terata  such  as  the  Hydrozoa  and  Actinozoa. 

Respecting  the  cause  of  this  rotation  of  the  contents,  several  explanations 
have  been  broached.  Some  seeing  in  it  a  close  simUarity  to  the  myelosis  c.t 
Plants  have  attributed  it  to  a  Uke  cause  ;  but  what  this  is  m  vegetable  cells 
t^mi^L^  but  certain.  According  to  some,  the  nucleus  of  the  plant-ceU  is 
ihe  ciciting  force,  since  the  stream  seems  to  set  out  from  and  to  retui-n  to 
the  nucleus  ;  but  this  is  not  universally  the  case.  Others,  again  imagme  ciha 
rcovei  the  interior  of  the  ceU-wall-but  this  is  only  an  hypothesis,-whilst 
others  flud  in  ho  functional  activity  of  growth  and  nutntion,  coiq^led  with 
tie  co-o?d  nate  actions  of  Ught,  heat,  and  chemical  affinity,  a  sufficient  cause 
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for  the  phenomenon.  This  last  view  comprehends  the  interpretation  Stein 
puts  npon  the  movement  in  question  iji  the  Protozoa,  which  is,  that  the  chlo- 
rophyll-globules by  then-  action  on  Ught,  by  the  exhalation  of  carbonic  acid 
gas,  and  the  resultant  chemical  forces  developed,  produce  the  revolving  move- 
ment ;  for,  as  he  remarks,  the  movements  of  the  animals  have  nothing  to  do 
with  the  rotation,  as  some  have  suggested,  seeing  that  it  goes  on  when 
they  are  in  perfect  repose  ;  and  moreover  is  seen  only  in  those  rich  in  chlo- 
rophyll, and  not  in  coloiu'less  individuals. 

In  elucidation  of  chemico-vital  action  as  a  motor  force,  we  may  aUudo  to 
vegetable  physiology,  which  teaches  us  its  power  in  the  cii'culation  of  the  sap 
through  the  appointed  channels  in  the  leaves  and  thence  downwards  thi-ough 
the  inner  bark.  But,  ajiart  from  the  influence  of  chemico-vital  forces,  we  cannot 
exclude  the  idea  that  the  propulsive  force  of  the  oesophagus,  in  impelling  food 
or  water  into  the  general  cavity,  must  aid  the  ciurent,  even  if  its  axis  do  not 
precisely  correspond  with  the  course  at  the  point  where  it  is  first  operative, 
since,  from  the  difference  in  the  arcs  described  by  the  course  of  the  stream 
and  by  the  oesophageal  current,  the  two  must  eventually  become  coincident 
and  conciu'rent. 

In  a  recent  letter  to  us.  Dr.  Strethill  Wright  remarks  that  "  in  Carche- 
sium  i^olypinum  active  molecular  movements  may  be  detected  throughout 
every  part  of  the  zooid  (animalcule),  even  in  the  thickened  rim  upon  which 
the  cOia  are  placed.  This  movement  seems  to  be  distinct  from  the  rotatory 
motion  of  the  whole  contents  of  the  body,  so  readily  seen  in  Epistylis  granclis, 
and  which  only  occasionally  occurs  in  Carcliesium.  The  zooids  of  the  class 
of  Protozoa  seem  to  be  composed  of  sarcode  in  its  most  fluid  state,  enclosed 
in  a  delicate  contractile  coat.  In  this  sarcode  a  desultory  cii'culation  occurs, 
either  as  molecular  motion  or  as  steady  rotation,  or  as  a  backward  and  for- 
ward flowing  occasioned  by  change  of  shape  in  the  body,  as  in  Ophrydium 
versatile." 

The  Enctsting-psocess  dt  the  Ciliated  Photozoa  (XXVIII.  6,  7,  66, 
67,  74-76 ;  XXIX.  18, 19,  21-23, 39-46,  52-58).— Although  the  encysting- 
process  is  very  frequently  associated  with  the  act  of  reproduction,  yet  it  is 
also  concerned  with  the  preseiwation  of  individual  life,  and,  so  far,  deserves 
consideration  apart  from  the  former.  Were  it  not  for  some  provision  against 
such  a  contingency,  animalcular  life  would  be  exposed  to  wide-spread  destruc- 
tion by  the  change  of  seasons,  by  the  drying  up  of  the  pools  and  ditches  they 
inhabit,  and  by  other  injurious  external  iafluences.  Such  a  provision  is  made 
by  the  act  of  encysting,  which  enables  these  minute  animal  organisms  at  all 
ages  to  resist  those  destructive  agencies,  and  also  provides  for  theii-  almost 
imlimited  diffusion.  The  construction  of  sheaths  around  animalcules  is  an- 
other protective  act  (see  p.  282),  but  chff-ers  from  encysting  in  not  completely 
enclosing  them. 

When  an  animalcule  is  about  to  encyst  itself,  its  movements  become  less 
active,  and  presently  cease;  at  the  same  time  it  withdi-aws  and  folds  up  its 
rotary  or  other  prominent  process,  closes  its  oral  aperture  and  contracts  itself 
m  a  more  or  less  spherical  shape,  and  its  cUia  chsappear.  Having  proceeded 
thus  far,  an  excretion  is  thi'own  out  around,  which  graduaUy  hardens,  assimies 
a  membranous  form,  and  invests  the  animalcule  as  a  cyst  or  case.  It  may 
happen  that  the  constniction  of  the  cyst  commences  before  the  animal  is 
qmescent  while  it  still  moves  slowly  about  or  revolves  on  itself  by  the  out- 
poimng  of  the  soft  gclatmous  matter  out  of  which  it  is  to  be  elaborated,  as 
fj^f''^,i''flf%^}''  19),  Colpoda  (XXIX.  35-43),  and  OMlodon 

(AAiA.  4«-58).  Moreover,  after  the  animalcule  is  enclosed  vAihin  its  case, 
it  may  for  a  time  vaiy  its  figm-c,  and  also  tm-n  on  itself  with  more  or  less 
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activity,  by  means  of  its  cilia,  which  yet  remain  apparent.  Stein  mentions 
this  phenomenon  in  Styloni/chia  pustulata  (XXIX.  18),  and  m  the  encysted 
embiyos  or  gemmas  of  aol2yoda ;  and  we  know  that  similar  movements  precede 
its  revival  from  its  quiescent  condition  in  all  cases. 

The  cyst-waU  is,  at  least  in  some  examples,  double,  consistmg  of  an  outer, 
finely-"Tanular,  softer  layer  and  an  inner,  consistent,  elastic,  homogeneous 
membrane  (XXIX.  21,  22, 41,  43).  It  may  be  that  two  such  lamma3  always 
exist  •  for  the  outer  one  cnimbles  away  so  soon  as  the  enclosed  ammal  prepares 
to  reassume  its  activity,  and  it  is  after  the  onset  of  internal  changes  that 
most  observations  have  been  made  upon  cysts.  The  two  coats  were  remarked 
by  Auerbach  (Zeitschr.  1854,  p.  431)  in  Oxytriclia  Pelhonella  (XXIX.  21-23) ; 
by  Stein  in  Cliiloclon  Cucullulus  (XXIX.  53,  54),  in  Stylonychm  pustulata 
XXIX.  18),  and  in  Nassula  amUcjua  ;  and  by  Cienkowsky  m  Nassula  virid^s 
(XXYIII  67)  &c  In  Chilodon,  indeed.  Stein  represents  several  concentric 
layers  to  the  cysts  (XXIX.  55,  56),  and  states  that  in  this  instance  the  walks 
acquire  no  firmness,  but  remain  soft  and  gelatinous.  .      ■  . 

Another  pecuharity  attaching  to  cysts  in  some  species,  is,  that  they 
produce  folds  or  plaits  on  theii-  sui-face,  and  therewith  acqim-e  an  apparent 
angular  outline,  as  Stein  exhibits  in  his  figures  of  enojstei  Ejnstyhsphcatdis 
and  E.  IranchiopMla,  where  the  hues  are  longitudinal,  and  m  encysted  Gper- 
mkWa  6er6eri/o™,  where  they  are  transverse  or  annular. 

Again,  the  cyst-waUs  are  not  always  smooth:  i^m^,  m  Nassula  amhgua 
Stein  represents  them  as  punctate  in  longitudinal  lines  ;  in  ^#2/?o«,yc7»a|>MS- 
tulata  (MiiUer's  ArcMv,  1856,  iv.  ;  A.  N.  H  1857,  xix  228  they  have 
steUate  markings,  and  in  a  smaU  imdescnbed  species  of  Epstyhs  a  finely- 

shagreened  siufacc.  .    ,  „      n  ■.  i 

The  changes  wHch  the  encysting  animal  itseK  undergoes  have  been  men- 
tioned generally;  but  a  few  more  details,  aided  by  reference  to  particular 
examples,  are  required  for  a  more  complete  elucidation  of  them         soon  as 
the  aiimalcule  becomes  quiescent  within  the  sac  secreted  aroimd  it,  the  ciha 
which  covered  the  sui-face,  including  any  of  larger  dimensions  disposed  along 
certain  tracts,  or  upon  particular  processes,  disappear  and  have  generaUy  been 
presumed  to  be  destroyed  ;  however,  various  observations  are  on  lecoid  which 
seem  to  show  that  tHs  is  not  universaUy  the  case,  but  that  not  unfrequently 
they  are  merely  concealed  fi.'om  view;  and  this  bemg  so  it  becomes  ques- 
tionable whether- especiaUy  in  the  ordinary  process  of  encysting,  where 
only  the  consei^ation  of  the  individual  is  intended-then-  destruction  or 
absorption  is  the  rule.    An  observation  of  Stein  may  be_  quoted  on  this  ques- 
tion--An  encysted  Chilodon  Cucullulus,  after  developmg  several  embryos, 
ceased  this  process  of  propagation,  redisplayed  its  ciha  as  if  by  simple  evolu- 
tion and  commenced  moWg  within  its  cyst  along  .vith  one  of  its  embryos 
fXXIX  58).    The  inference  deducible  from  tins  particular  observation  in 
he  case  of  the  encysting-process,  even  when  exercised  for  the  distinct  purpose 
of  generation,  is  greatly  strengthened  by  the  oft-repeated  ^^^^^^^f^^^^^ 
release  of  the  impiisoned  beings,  by  pressm-e  causmg  the  rupt  u-e  of  the  newly- 
fomed  cyst,  in  the  possession  of  their-  complete  figm-e  and  then-  cihaiy  arma- 
tu^^    We  may  add  that  no  proof  exists  of  an  actual  new  formation  of  ciha 
Son  beings  when  emerging  from  theii-  cyst;  all  that  can  be  predicated  is, 
that  ciha  reappear  in  their  normal  positions  and  arrangement. 

iVsket  h  now  the  histoiy  of  the  encysting-process  by  a  reference  to  some  of 
the  many  ex  uuples  recorded  by  various  microscopists  ;  for  the  act  has  been 
•f  JT^Pd  in  so  many  species  and  genera,  that  it  is  assumed  to  be  common  to 
witnessea  m  so  miuij  >,        ,        iqcq  ;,.  „  '>fi7^nf  the  cncvst- 

aU.  The  description  given  by  Cohn  {Zeitschr.  1 853,  n .  p.  ^6  / )  ot  "^c^^^f ^ 
ig  of  Tracliclms  Ovum  may  be  given  as  an  example  (XXIX.  19,  20) .  ihe 
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movements  of  the  animalcule  become  slower,  and  before  ceasing  altogether, 
consist  in  a  simple  rotation  without  change  of  position.  The  cilia  are  next 
seen  to  become  indistinct  and  to  disappear ;  and  a  delicate  line,  removed  some 
little  (hstance  from  the  periphery  of  the  enclosed  animal,  makes  its  appear- 
ance, radicating  the  Kmit  of  a  soft  gelatinous  envelope.  Whilst  this  proceeds, 
the  animal  assumes  a  more  globular  and  contracted  figure,  chiefly  by  folding 
do^vn  its  lip-  or  trunlc-Kke  process  iipon  its  general  siu-face.  The  secreted 
covering  ia  the  meamvhile  gains  in  firmness,  but  loses  ia  tliickness,  and  thus 
acquii-es  the  chai-acter  of  a  membrane,  which  closely  invests  the  Trachelius, 
except  at  places  where  the  two  surfaces  are  sepai-ate  and  distract. 

This  may  be  termed  the  first  degree  of  encysting,  and  affects  the  creature 
so  slightly  that  it  can  shake  off  its  coating  of  its  o^vn  accord,  and,  by  ruptm-ing 
its  sac,  reassume  its  pristine  appearance  and  activity.  This  phenomenon  was 
■witnessed  four  times  in  the  same  iadividual  by  Cohn,  and  supposed  by  him 
to  have  been  raduced  by  the  abnormal  conditions  (the  action  of  light,  &c.)  in 
which  the  animalcule  was  placed  under  the  microscope.  Steia  (op.  dt. 
p.  133)  ia  a  similar  manner  recounts  the  formation  of  a  cyst  around  Chilodon 
Cucidlulus,  and  the  possibility  of  setting  it  free  by  breaking  dowTi  the  cyst  by 
pressure.  In  Trachelius  the  development  of  the  cyst,  to  the  stage  described, 
occupied,  according  to  Cohn,  only  ten  minutes.  Where  the  process  advances 
beyond  this  degree,  the  cyst  commonly  acquires  a  denser  and  firmer  con- 
sistence ;  the  animalcule  can  no  longer  dehver  itself  at  once  of  its  own  accord 
fi'om  its  prison,  but  imdei-goes  a  fmther  change  from  its  normal  form,  and 
requires  those  vivifying  influences  of  external  warmth,  light,  and  moisture, 
such  as  spriag-time  brings  with  it,  to  arouse  it  from  its  torpid  state,  and  to 
cause  the  reappearance  of  its  hitherto  obliterated  organs. 

Steia  has  very  copious  details  of  the  whole  process  of  encystiag  in  various 
Ciliated  Protozoa ;  but  in  none  is  that  process  more  interesting  to  follow  than 
in  the  VorticeUina.  In  members  of  this  family  the  state  of  extreme  contrac- 
tion, induced  by  some  external  cause  obnoxious  to  them,  becomes  fixed,  and 
only  the  u'regularly-ciu-ved  space  covered  over  by  the  completely-closed 
peristom  iadicates  the  complicated  cUiaiy  apparatus  of  the  head ;  and  even 
this  decreases  to  a  streak,  and  at  length  vanishes  altogether.  Whilst  this 
goes  foi-ward,  a  membrane  forms  around  the  being  which  is  now  detached 
from  its  stem,  and  a  globular  or  ovoid  cyst,  containing  a  nucleus  and  a  con- 
tractile vesicle,  is  the  representative  of  the  once  active  and  elaborately- 
organized  Vorticella. 

To  what  degree  the  encysting  process  may  advance  without  depriving  the 
animal  of  its  ability  to  recover  its  freedom  and  origiaal  character,  is  well  ex- 
emplified by  Auerbach's  obsei-vation  on  the  cysts  of  Oxijtrkha  PeUionellu 
(XXIX.  21,  24)  (Zeitschr.  1854,  v.  p.  430).  This  able  microscopist  found  a 
number  of  globular  cysts,  with  two  coats,  enclosing  a  liomogeneous,  finely- 
granular,  brown  substance,  within  which  was  a  darker,  rounded  body  (XXIX. 
21),  or  at  times  two,  and  more  rarely  thi'ce  such,  seemingly  derived  from  it, 
mchcating  the  nucleus.  The  contents  naturally  filled  the  capsule  ;  the  addi- 
tion, however,  of  a  httic  muriatic  acid  caused  them  to  shrink  into  a  rouiidish 
body,  somewhat  more  extended  on  one  side,  and  traversed  by  a  few  deep 
folds  or  fissiu-es  (XXIX.  22).  Such  were  the  bodies  met  with  diuing  the 
contmuance  of  ^vlnter ;  but  when  early  spring  arrived,  these  began  to  exhibit 
signs  of  vital  activity  within. 

The  first  change  remai-ked  was  the  appearance  of  a  vesicle,  which  by 
degrees  acquired  increased  contractihty  ;  then  the  body  retracted  itself  from 
the  cyst-waU  and  commenced  to  revolve  in  a  vaciUating  manner,  whilst  the 
outer  granular  lamina  of  the  cyst  broke  away.    CiUa  now  could  be  seen  dis- 
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tributetl  over  the  surface  of  the  animal,  and  a  close  row  of  much  stronger  ones 
along  a  fold  recalling  the  characteristics  of  StylonycMa  or  of  O.vytricha, 
although  the  animal  still  wanted  the  general  conformation  of  the  body 
peculiar  to  either  of  these  genera  (XXIX.  23).  All  this  time  the  darker 
nuclear  body  or  bodies  had  retained  their  existence  and  position,  whilst  the 
contractile  vesicle,  on  the  other  hand,  grew  smaller,  apparently  by  the  ex- 
pulsion of  part  of  its  fluid  contents  to  occupy  the  space  left  between  the 
animal  and  its  capsule  by  the  contraction  of  the  former.  The  enclosed  body, 
when  fi-eed  from  the  wall  of  the  cyst,  commenced  moving,  not  in  a  regular 
rotation,  but  in  a  jerldng  manner,  from  side  to  side  as  it  tmned,  until  at 
length  it  ruptui-ed  the  walls  of  its  prison  and  made  its  escape.  The  animal 
thus  set  at  large  presented  the  characters  of  Oxytricha  (XXIX.  24)  di- 
stinctly enough  to  recognize  it  as  belonging  to  the  genus  ;  and  at  the  same 
time  tiie  numerous  escaping  germs  and  the  rapid  a,ppearance  of  a  multitude 
of  Oxytricha  Pellionella  of  aU  sizes  confirmed  this  view  of  their  natui-e. 
Nevertheless  a  slight  difference  existed  between  the  newly-emerged  indi- 
viduals and  mature  specimens, — the  former  being  more  oval,  and  theii'  contents 
less  hyaline,  more  granular,  and  of  a  yellowish  colom-  by  transmitted  light : 
stni,  specimens  occurred  of  every  intermediate  shade. 

This  observation  by  Auerbach  demonstrates  to  us  how  completely  modified 
and  actually  lost  the  characters  of  an  animalcule  may  be  when  it  becomes 
encysted  even  temporarily,  diu-kig  what  has  been  termed  the  winter-sleep  ; 
for,  as  that  writer  shows,  the  Oxytrkha-cjsts  he  discovered  could  not  have 
been  ova,  or  a  mere  transitional  phase  to  a  higher  form  of  existence.  Similar 
instances  of  cyst-evolution  ai-e  recorded  by  other  obsei-vers ;  but  generaUy  the 
whole  history  of  the  cyst  is  not  given,  but  only  that  portion  m  which  an 
actual  animalcular  form,  in  movement  by  means  of  ciha  has  reveded  itself; 
such  is  the  instance  of  Amphileptus  Fasciola  mentioned  by  Cohn  {Zeitschr.  v. 
1854  p  434)  Fiu'thermore,  variations  in  the  internal  appeai-ance  and  per- 
ceptible'contents  of  cysts  vary  in  different  species,  just  as  do  their  waUs; 
thus  for  example,  in  Oxytricha-cj^ts  the  contractile  vesicle  had  vanished  and 
appeared  cle  novo  only  when  its  vital  activity  was  resumed,— while  in  other 
cases  this  sac  or  space  never  disappears,  but  is  even  more  promment  than 
the  nucleus  before  the  action  of  reagents,  which  is  tine  of  most,  or  of  all, 

^Thf  particulars  recounted  by  Mr.  BrightwcU  respecting  Zoothamnhon 
Arhtsciila  ('  Paiina  Infusoria  of  Norfolk,'  1848),  which  he  thought  indicative 
of  a  mode  of  development  by  alternate  generation,  appear  to  us  to  represent 
probably  the  act  of  encysting,  or  that  degree  of  it  assumed  by  gemmae  pnor 
to  detachment  from  their  parent  stem,  and  retained  by  them  imtil  they  have 
taken  up  a  fixed  position  and  proceed  to  develop  a  peduncle  (see  section 
on  Fission  and  Gemmation).  We  extract  Mr.  Brightwell's  account,  so  that 
oi  readers  may  form  theii-  own  opinion  of  the  nature  of  the  phenomena 

"  ScptTieth,  1846.  Early  in  the  morning  of  this  day,  we  obsei-ved  onc  of 
the  Zoothcmnmm  arhuscula,  a  large  old  specimen,  which  had  lost  aU  its 
small  bcU-shaped  animals,  but  had  several  medlar-shaped  buds  or  ova  le- 
mainin'  upon  t.  It  was  seen  to  detach  from  its  stallcs  nearly  aU  these  ova 
wh  ch  went  off  as  free  animals.  One  of  them  soon  after  settled  at  the  side  of 
ile  w-iter-trough,  and  after  agitating  its  anterior  cilia  it  suddenly  and  vith 
1  kild  of  violent  effort,  opened  into  a  cup-shaped  form,  and  darted  about 
tith \reat  rapichty,  occasionally  settling,  and  dartmg  off  again. 

^At  nTnc  in  thi  morning,  one  of  these  buds,  or  ova,  was  obsei-ved  fixed  to 
the  glass  by T  sheathed  pedicle;  a  cUiary  motion  became  perceptible  at  the 
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top  of  the  bulb  ;  and  nt  ten  it  had  divided  longitvidinolly  into  two  buds,  each 
supported  by  a  short  stallc.  The  ciliaiy  motion  continued  in  the  centre  of 
each  of  these  two  buds,  which  by  degrees  expanded  longitudinally,  and  at 
twelve  had  become  foru-  buds.  By  foiu-  in  the  afternoon,  these  four  buds  had 
divided  in  Uke  manner  and  increased  to  nine,  with  an  elongated  foot-stalk,  and 
interior  contractile  muiscle. 

"  Diu-ing  the  development  of  another  specimen,  the  stalk  appeared  to  have 
transverse  ribs  or  joints,  and,  whilst  a  di-awing  was  making,  gradually  bent 
doAvnwai-ds,  and  all  the  buds  severally  detached  themselves  from  it,  and  went 
off  as  free  animals,  leaving  ordy  the  bent  stalk.  In  this  interesting  process 
we  see  something  analogous  to  what  Steenstnip  describes  as  '  a  mode  of 
development  by  means  of  niu'ses  or  intermediate  generations.' 

"  This  mode  is  described  as  that  in  which  an  animal  produces  a  progeny 
peiTQancntly  dissimilar  to  itself,  but  which  progeny  produces  a  neiv  generaimi, 
in  itself  or  its  offspring,  returning  to  the  form  of  the  parent  animal.  It 
will  be  seen  that  this  development  differs  from  that  of  metamorphosis,  in 
the  cu'ciunstance  of  the  intermediate  animal  (the  nurse)  being  itself  a  perma- 
nent and  producing  fonn. 

"  To  show  this  to  be  the  case  with  Zootliamn'mm,  it  would  be  necessary  to 
prove  that  the  medlar- shaped  animals  were  a  permanent  form,  producing  a 
I'ace  which,  in  themselves  or  in  what  they  produced,  retiu-ned  to  the  form  of 
the  parent  animal. 

"  We  have  not  been  able  to  carry  the  development  of  these  buds  or  ova 
further  than  PI.  12.  f.  67,  68,  69,  and  wood  cut "  (see  Part  II.).  "  And  it  is 
remarkable  that  in  aU  these  the  buds  have  produced,  not  the  little  beU-shaped 
animalcules  like  the  parent  animal,  but  other  buds  like  themselves.  May  it 
not  be  the  case,  that  these  medlar-shaped  bodies  are  propagated  at  the  close 
of  the  year,  and  that,  when  the  plant  to  which  the  Zoothamnia  bearing  these 
bodies  are  attached  dies  away,  they  remain  in  the  mud,  protected  from  the  cold 
of  the  ■ftonter,  and  in  the  spring  biu'st  forth,  and  settle  upon  the  new-growing 
plants,  and  produce  animals  of  the  parent-form.  They  would  thus  form  an 
intermediate  niu-sing  race  answering  to  Steenstrup's  description." 

Prof.  Cienkowsky  has  witnessed  {Zcitschr.  1855,  \d.  p.  301)  cyst-construc- 
tion in  Nasstda  viridis  (Duj.)  (XXVIII.  65 — 71),  Stylonychia  pustidata 
(XXVIII.  74—76),  S.  lanceohta,  in  various  VorticelJce,  in  Sursaria  trunca- 
tella,  B.  lateritia,  Podophrya  fixa,  Loxodes  Cucidlidus  fDuj.),  Lcucoplirys 
Spathula,  AmpMlej^tus  margariti.fe7;  Holoplirya  brunnea,  and  less  completely  in 
AmpMleptus  Anas,  Stylonychia  Mytilus,  Paramecium  chrysalis,  Spirostomum 
ambiyuum,  Stentor  lyolymoiphus,  St.  Midleri,  Paramecium  Aurelia,  and  Loxodes 
Bursaria. 

In  Loxodes  Cucidlidus  (Duj.)  and  Stylonychia  pustidata  he  saw  the  dis- 
charge of  the  whole  of  the  contents  of  the  cyst  in  the  form  of  encysted  Infu- 
soria. The  embryo  born  from  the  cysts  of  Siylonychia  pustidata  resembles 
closely  the  Trichoda  Lynceus,  and  can  multiply  itself  by  self-fission  just  in 
the  same  manner  as  mature  and  independent  beings. 

In  cyst-development,  he  obser-ves,  the  whole  of  the  contents  are,  as  Jules 
Haime  stated,  not  metamorphosed  into  the  resultant  embryo,  but  one  or  more 
portions  escape  in  the  form  of  globules,  apparently  ciliated,  and  move  off  with 
a  rotating  motion. 

Eephodxiction  of       Ciliated  Proto;coa:— Pission,  modes  of;  Geiimation; 

INTEKNAL  OvA  PEODUCING  GbRMS   Oil  EmDRYOS  ;   IMPREGNATION  ;  PuOUUCTION 

OF  NEW  Beings  with  and  wirnouT  Metawohtoosis  ;  Tbansfokmation  into 
ACINET.E,  and  Development  of  Emdiiyos.— Until  lately,  naturalists  in  general 
did  not  aclmowlcdge  other  methods  of  reproduction  than  by  fission,  or,  as 
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some  would  call  it,  fissation,  and  by  gemmation  or  budding,  which,  from  not 
being  true  generative  acts,  have  been  called  '  vegetative '  modes  of  propagation 
or  multiplication.  Eecently,  however,  the  Ciliata  have  had  attributed  to  them 
true  generative  processes,  resulting  in  the  development  of  embryos  either  with 
or  without  intercun-ent  metamorphoses. 

The  simpler  processes  of  fission  and  gemmation  are,  in  Stein's  opinion,  modes 
of  propagation  peculiar  to  immatiu'e  beings,  and  are  replaced  in  mature 
animalcules  by  the  agency  of  germs  or  embryos. 

Fission. — This  duplicative  subdivision  may  be  longitudinal,  transverse,  or 
obHque ;  and  whilst  some  species  divide  in  only  one  direction,  others  are 
capable  of  so  doing  in  two,  for  instance,  in  the  longitudinal  and  transverse, 
but  not  simultaneonsly.  Among  the  Vorticellina  longitudinal  fission  alone 
occurs  ;  Paramecium  (XXIX.  27),  CMlodon,  and  others  divide  both  longi- 
tudinally and  transversely ;  Lac/enop7irys  obhquely  only.  Fission  has  not 
been  witnessed  in  Spirochoyia  nor  in  TrichocUna,  nor  in  Colpoda  when  in  a 
fi-ee  state  and  not  encysted.  . 

Ehrenberg  came  to  the  conclusion  that  multiplication  by  spontaneous  divi- 
sion is  the  character  which  separates  animals  from  plants.  It  is  tnie  (he 
aroTied)  that  gemmation  in  plants,  especially  in  very  simple  cells,  is  at  times 
veiT  sinular  to  the  division  in  animals ;  but  this  relates  to  the  form,  not  the 
formation.  A  vegetable  ceU,  apparently  capable  of  self-division,  produces 
one  or  contemporaneously  many  exterior  buds  {gemmce),  without  any  change 
in  its  interior.  An  animal  wliich  is  capable  of  division,  first  doubles  the  inner 
oro-ans,  and  subsequently  decreases  exteriorly  in  size.  Self-division  proceeds 
from  the  interior  towards  the  exterior,  from  the  centre  to  the  peripheiy ; 
gemmation,  which  also  occurs  in  animals,  proceeds  from  the  exterior  towards 
the  interior,  and  forms  fii-st  a  wart,  which  then  graduaUy  becomes  organized. 

THs  supposed  distinction  between  fission  m  vegetable  ceUs  aiid  that  m 
simple  animals  like  Infusoria  is  set  aside  by  modem  researches,  which  show 
that  when  a  plant-ceU  is  about  to  divide,  the  mucilaginous  layer  of  the  waU 
a  /the  primordial  utricle)  manifests  a  constriction,  which  presentlymvolves 
the  waU  itself,  and,  graduaUy  deepening,  at  length  cuts  the  cell  mto  two.  ihe 
observations  on  this  subject  in  the  chapters  on  Desmidie^  andDiATOME^  wiU 
more  completely  elucidate  it.  ,       .     ■,    t    n  • 

Considered  with  respect  to  the  condition  of  the  animalcule,  fission  occurs 
in  the  active  and  unchanged  state,  as  in  Paramecium  ;  or  m  a  contracted  state, 
as  in  Vorticellina ;  or  only  when  encysted,  as  in  the  case  of  Oolpoda.  Hence 
it  foUows,  that  it  presents  several  slight  modifications  m  its  coui-se.  Une 
eeneral  fact  is,  that  wMlst  fission  proceeds,  the  rotation  of  the  contents  ot  the 
Animalcule  is  at  a  stand-still.    In  its  simplest  variety,  the  dividmg  being  first 
presents  a  constriction  at  each  pole  or  side  of  the  body,  which  graduaUy  ex- 
tends untU  it  completely  cuts  it  into  two  equal  or  unequal  parts,  bimuita- 
neously  with  the  fii-st  indication  of  an  act  of  fission,  and  m  some  cases  before 
a  sign  of  it  is  to  be  detected  in  the  periphery  of  the  ammal,  it  has  been 
eeneraUy  taught  that  the  nucleus,  after  elongating  and  usually  _  disposing 
ftself  across  the  dii-ection  of  the  Une  of  scission,  takes  the  imtiative  in  the 
act  by  coinmencing  a  fission  of  its  o^vn  substance  (XXIX  27),  which  sub- 
seauently  proceeds  step  by  step  with  that  of  the  entire  body,  until  complete. 
Thrstotement  is,  according  to  Lachmann  (A.  N.  H.  1857,  xix.  p.  230)  a 
S  ake  when  made  respecting  the  Protozoa  generaUy  ;  for  m  some  cases  the 
Tf  the  nucleus  is  consecutive  to  that  of  the  body,  and    m  others, 
tin  the  actual  fissation  of  the  nucleus  does  not  lead  to  that  of  the  body 
Xmbryos  are  developed  in  it ;  "  on  the  other  hand,  "  fissation  is  generaUy 
commenced  rather  by  a  new  formation  of  contractUe  vesicles. 
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In  some  species  where  fission  proceeds  on  its  simple  tyi)e,  food  may 
tinne  to  be  received  for  a  short  period  by  the  dividing  ammal  The  smaU  share 
the  abdominal  contents  >vithiji  the  cortical  lamina  have  in  the  vital  processes, 
is  shown  by  Lachmann's  observation  of  a  Stylonyclda,  "  which  although  a 
considerable  part  of  its  chyme  had  been  sucked  out  of  it  by  an  ^cmefa  still 
underwent  division,  so  that  one  of  the  gemmules  of  division  swam  away  irom 
it  briskly,  and  only  the  other  half  of  the  old  animal  was  destroyed.' 

The  direction  of  the  line  of  section  is  perhaps,  when  longitudinal,  usually 
from  before  backwai-ds,  the  constriction  appeai-ing  first  and  advancmg  more 
rapidly  at  the  head  ;  but  the  contrary,  according  to  Stein,  prevails  m  Ghilodon 
Cucidhdus,  where  the  constriction  makes  its  way  solely  from  the  posterior  pole. 

When  fission  is  transverse  or  oblique  it  necessarily  involves  the  reproduc- 
tion, in  the  posterior  haK,  of  the  organs  existing  in  the  anterior,  viz.  the  ciliary 
apparatus  of  the  head,  the  oral  aperture,  the  tube  prolonged  from  it,  and  the 
contractile  vesicle.  So  far,  therefore,  it  approaches  nearer  the  act  of  gemma- 
tion than  does  longitudinal  fission,  wherein  segments  of  the  ah-eady  existing 
organs  are  separated  for  the  pui-poses  of  the  new  individual,  and  are  not 
actually  reproduced  or  created  anew.  "  In  those  Infusoria,"  says  Lachmann 
(A.  N.  H.  he.  cit.),  "  in  which  a  peculiar  series  of  stronger  cilia  leads  to  the 
mouth  (such  as  Oxytrichince  and  Euplotece),  the  fuiTow  in  which  this  series 
of  cilia  is  situated  is  seen,  subsequently  to  or  simultaneously  with  the  division 
of  the  contractile  vesicle,  to  become  produced  backwards  over  the  mouth ;  in 
this  prolongation  cilia  are  produced,  and  its  posterior  extremity  becomes 
deepened  into  a  mouth  and  oesophagus,  which  then  opens  towards  the  ali- 
mentary cavity  of  the  animal ;  then,  simultaneously  with  the  external  con- 
striction of  the  body,  the  new  farrow  is  separated  from  the  old  one.  (In 
Stenior  the  new  frontal  series  of  cilia  fii'st  makes  its  appearance  on  the  old 
animal  as  a  lateral  sti-aight  series — the  crista  lateralis  of  Ehrenberg).  In 
animals  which  also  possess  peculiar  processes  of  the  body  as  organs  of  motion 
(hooks,  styles,  &c.),  the  fissation  usually  takes  place  in  such  a  manner,  that 
each  of  the  newly-formed  animals  acquires  a  portion  of  these  from  the  old 
animal,  whilst  the  other  part  is  of  new  formation." 

The  manner  in  which  self-division  proceeds  in  Protozoa  with  a  firm,  and 
seemingly  almost  brittle  integument,  is  exemplified  in  Coleps  (XXIV.  284, 
285).  Along  the  hne  of  section  a  new  secretion  of  chitinous  substance  takes 
place,  soft  in  consistence  and  transparent,  which  by  its  increasing  width 
separates  the  two  portions  of  the  original  lorica ;  in  this  interposed  new 
tissue  a  constriction  presently  manifests  itself,  and  advancing  in  depth,  the 
two  segments  are  finally  simdered.  It  thus  comes  to  pass  that  each  product 
of  fission  is  one  haK  covered  with  a  dense  shield,  and  the  other  half  with  a 
soft,  yielding  integument.  After  a  while,  more  molecules  make  their  appear- 
ance in  the  latter,  which  gradually  assumes  a  firmness  equal  to  that  of  the 
old  lorica. 

The  Vorticellina,  including  the  Oplirydina,  do  not  divide  until  they  have 
assvimed  a  sort  of  semiquiescent  condition,  by  the  complete  withdi-awal  of 
theii-  ciliary  apparatus  and  the  contraction  of  the  body  generally  into  a  more 
or  less  roimded  or  oval  shape, — in  short,  until  they  have  advanced  one  step 
towards  encysting  themselves. 

Ehrenberg  portrayed  their  fission  as  a  simple  constriction  advancing  from 
before  backwards  to  separation  of  the  body  ;  but  Stein  pointed  out  the  actual 
antecedents  of  the  process.  Accorchng  to  the  latter  writer,  the  head-portion 
and  its  appendages  Avithdi-aM^ ;  the  rotaiy  organ  is  absorbed,  and  also  the 
oesophagus ;  at  the  same  time  the  contractile  space  vanishes  ;  the  body  ex- 
pands in  Avidth,  the  nucleus  outstretches  itself  across  it,  a  constriction  appears 
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on  its  anterior  border,  and,  extending  constantly  in  depth,  at  length  effects  its 
complete  division.    When  the  section  has  reached  the  third  of  the  body,  a 
conical  space  displays  itself  towards  the  anterior  portion  of  each  half  (XXVII. 
3),  lined  by  a  special  membrane,  covered  by  cilia  on  its  posterior  side  or  base, 
which  are  seen  to  vibrate  within  the  cavity.    This  formation  is  the  rudiment 
of  the  futm-e  rotaiy  organ.    The  apex  of  the  conical  hoUow  is  prolonged  by 
a  canal  which  eventually  opens  on  the  surface,  and  thus  establishes  a  con- 
tinuity between  the  lining  membrane  and  the  external  integument.    At  the 
same  time  the  internal  angle  at  the  base  of  the  cone  is  produced  inwards  so 
as  to  form  the  ahmentary  tube.    When  these  changes  are  accomplished,  the 
body  is  half  cut  through,  and  the  appearance  is  rather  that  of  two  individual 
animalcules  united  posteriorly,  having  their  ciliary  apparatus  reti-acted,  and 
the  peristom  contracted  in  a  sphnter-hlce  manner  over  it.     Lastly,  the 
advancing  act  of  scission  divides  the  nucleus  ;  and  the  whole  body  becomes 
resolved  into  two  individuals  seated  upon  the  same  stalk.   From  this  account 
it  foUows,  that,  of  the  origLnal  organs  of  the  animalcule,  the  nucleus  is  the 
only  one  divided  between  the  two  resultant  beings  by  the  process  of  fission  ; 
all  the  rest  are  fonned  anew  out  of  the  homogeneous  substance  of  the  body, 
\dz.  the  peiistom,  the  rotaiy  organ,  the  alimentaiy  tube,  and  the  contractile 
vgsicIg. 

This"  absoi-ption  and  renewal  of  parts  dming  fissation  is  denied  by  Lachmann 
who  afiii-ms  that  the  movement  of  the  cilia  upon  the  ciliaiy  apparatus,  and 
in  the  vestibulum  and  03Sophagus,  wHch  are  closed  up  by  the  penstom,  may 
be  observed  during  the  whole  process.  We  have  no  means  of  deciding  which 
of  these  two  statements  is  correct :  yet  we  rather  incline  to  Stem's  account ; 
for  when  we  admit  that  in  fission  there  is  a  separation  of  aU  the  organs  and 
appenda-es  of  the  body  into  two  portions,  one  to  each  resultant  bemg,  an  act 
of  structural  development  becomes  neccssaiy  to  reproduce  the  remaining  por- 
tion so  as  to  perfect  each  new  animal  and  to  assimilate  it  in  characters  to 
the  parent  This  being  the  case,  the  method  of  development  stated  by  btem 
is  move  consonant  ^ith  oxu'  views  of  histogeny  than  that  of  lachmann 

The  oblique  fission  oi  Lagenophrys  vaginicola  (XXX.  d^,  6b,  db;  presents 
several  peculiarities.  The  line  of  section  commences  below  the  penstom  on 
one  side,  and  proceeds  diagonaHy  across  to  the  opposite,  and  thus  gives  rise  to 
an  anterior  lateral  segment  retaining  aU  the  special  organs,  and  a  posterior 
lateral  possessing  nothing  save  its  half  of  the  elongated  _  divided  nuc  ens. 
Diu-ing  the  process,  the  anterior  half  continues  in  the  enjoyment  of  allits 
functions  and  activity  (XXX.  32),  whii'ls  its  ciliary  organ,  and  takes  m  food 
bv  the  mouth  :  the  food,  however,  does  not  reach  to  the  segment  behind ;  and 
whatever  alimentary  particles  might  be  present  in  this  yamsh,  and  its  whole 
contained  substance  becomes  homogeneous  and  granulai',  the  halt  ot  the 
curved  band-like  nucleus  extending  into  it.  men  the  hne  of  section  is  fuUy 
formed,  Stein  remarks  that  the  posterior  lateral  segment  rather  resemble^  a 
gemma  than  the  result  of  scK-division,  and  proves  how  closely  umted  are  the 
two  processes  of  gemmation  and  of  fission.  _  „„j 

When  the  scission  is  nearly  complete,  a  contractile  space  appears,  and, 
either  before  or  behind  tHs,  a  cui-ved  elongated  cavity,  cihated  on  one  side 
nnd  produced  upwards  as  a  tube  from  one  angle,  is  fonned  (XXX.  do),  out 

?  which  the  rotary  organ  and  peristom  ai-e  developed.  As  there  is  no  room 
?or  m^emtt  the\ew  being  iL  motionless  close  against  the  old  one  :  how- 
cvei  itHonti-actile  space  acts  energetically  ;  and  the  ahmentaiy  tube,  filled 
Sth  fluid  moves  upwards  and  downwards,  and  from  sidc^to  side  Tv^thin  it.  At 
r  fV.  n  row  of  cilia  appear  around  the  circumference  of  the  body  ;  and  now 
Slci^gsTc^^^^^^^^^         the  anterior  adhering  by  its  peristom  to  the  narrow 
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orifice  of  the  sheath,  whilst  the  posterior  lies  immediately  behind  it,  fixed  from 
want  of  space,  and  unable  to  fi-ee  itself  (XXX.  36).  The  question  that  now 
presents  itself  is,  how  is  the  newly-formed  animal  to  escape  its  prison  and 
to  exercise  its  vital  endowments  ?  This,  Stein  has  been  able  to  solve  by  ob- 
sei-vation  of  another  species  of  Lagenophrys,  viz.  L,  Amjmlla.  The  upper  seg- 
ment ceases  to  put  forth  its  ciliary  organs  and  to  take  in  food,  and  shortly 
contracts  itself  and  detaches  its  hold  from  the  opening  of  the  external  sheath, 
developing  simidtaneously  a  row  of  cilia  aromid  its  mai-gin  (XXX.  35).  It 
also  not  imfi-equently  happens  that  the  body  is  divided  from  the  peiistom, 
leaving  this  portion  adherent  in  its  natiu'al  position  to  the  orifice  of  the 
sheath,  and  possessed  of  such  remarkable  vitahty,  that  it  continues  to  con- 
ti-act  and  dilate,  and  to  implicate  the  oiifice  of  the  sheath  itself  in  its  move- 
ments (XXX.  35).  When  the  peristom,  mth  a  portion  of  contractile  sarcodc 
(35  b)  enclosing  at  times  a  contractile  space  within  it,  thus  i)lugs  the 
only  outlet  from  the  cyst,  the  two  products  of  fission  cannot  gaia  their 
liberty,  and  only  enjoy  the  limited  degree  of  locomotion  allowed  within  their 
narrow  prison-house.  But  where,  as  is  more  common,  the  oiifice  is  opened, 
they  sooner  or  later  make  theii'  way  out,  experiencing,  nevertheless,  some 
difficulty  in  passing  through  the  narrow  outlet. 

A  cru-ious  circumstance  pertains  to  these  fission-products  of  Lagenojjphrys, 
and  indeed  to  those  of  all  the  Ojohrydina  and  VorticeUina,  viz.  they  are  not 
precisely  like  the  parent.  Thus,  the  young  of  Lagenoplirys,  produced  as 
above  described,  exhibit  the  rotary  organ  and  peristom  in  a  contracted  con- 
dition, whilst  a  row  of  cilia  siuTounds  the  body  in  a  ling-like  groove  on  the 
abdominal  siu-face,  and  serves  the  pm-pose  of  a  locomotive  organ  (XXX.  35, 
36).  On  the  ventral  aspect,  adds  Stein,  the  figure  of  the  animalcule  recalls 
that  of  Stylonyclua,  between  which  and  the  normal  form  of  VorticeUina  it 
may  be  considered  a  transitional  type. 

Timiing  now  to  the  other  members  of  the  VorticeUina  and  OpJirydina,  we 
see  that  the  history  of  the  fission-products  diff'ers  according  to  theii'  habits 
and  structiu-al  peculiarities.  In  the  branching  forms  many  of  the  newly- 
formed  beings  proceed  each  to  secrete  fi-om  its  base  a  pedicle,  and  so  continue 
the  dichotomy  of  the  httle  arborescent  colony  they  belong  to.  Others,  ou 
the  contrary,  detach  themselves  from  the  parent-stem  and  enter  on  a  fi-ee  and 
independent  existence.  In  this  case  one  of  the  two  segments  consequent  on 
self-division,  in  order  to  enter  on  its  new  mode  of  life,  imdergoes  certain 
modifications  in  stnicture,  viz.  it  continues  in  a  completely  contracted  state, 
and  a  furrow  appears  about  the  posterior  third  of  the  body,  within  which  a 
cihary  circlet  develops  as  the  locomotive  organ  of  the  animal  (XXVII.  11). 
This  occurrence  is  general  among  VorticeUa  and  Ophrt/dina  ;  for  among  the 
former  the  pedicle  never  ramifies,  and  in  the  latter  one  fission-product  must 
quit  the  capsule,  wliich  serves  as  the  nidus  of  only  one  being  at  a  time. 

The  after-history  of  these  locomotive  segments  is  vndclj  different  iii  dif- 
ferent specimens.  Some,  after  summing  about  for  a  time,  come  to  a  state 
of  rest,  affix  themselves  by  theii-  posterior  extremity,  and  produce,  according 
to  their  natural  habit,  either  a  stalk  or  a  sheath,  and  resume  all  the  cliarac- 
tcristics  of  the  parent-stock.  Others,  again,  become  quiescent,  but  instead  of  se- 
cretmg  a  pe(hcle  or  sheath,  proceed  to  encyst  themselves,  either  for  their  own 
prcsei-vation  or  preparatory  to  the  fulfilment  of  an  act  of  reproduction.  In- 
deed the  process  of  encysting  may  overtake  the  animals  whilst  stiU  seated 
on  their  stalk  or  withm  their  ca.so,  and  thus  anticipate  the  formation  of  the 
posterior  cmaiy  wreath. 

Lastly,  in  a  few  genera,  fission  seems  only,  or  at  least  mostly,  to  occur 
atter  the  animalcules  are  encysted.    Stein  represents  this  to  be  the  case  go- 
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nerally  in  Oolpoda  Cucullulus,  which  he  never  found  in  process  of  fission 
CXXIX  38-47)      Indeed,  Ehrenberg  himself  never  saw  seit-duision  ot 
this  animalcule,  although  he  has,  on  the  authority  and  ambiguons  observa- 
tions of  some  of  the  old  observers,  described  its  occurrence.    According  to 
Stein's  researches,  encysting  would  not  appear  absolutely  necessary ;  for  he 
witnessed  self- division  in  some  specimens  only  contracted  m  a  spherical  torm: 
however,  in  others,  the  more  numerous,  a  cyst  was  thi'own  around  tlie  body 
before  that  process  ensued.    According  to  the  general  plan,  the  Cihated 
Protozoa  divide  into  two  ;  yet  there  are  some-and  Golpocla  m  one  oi^uch- 
in  which  the  act  of  fission  is  repeated,  and  4,  8,  and  even  16  «egme^ts^and 
upwards  result.    The  products  of  fission  have  a  certain  latitude  of  motion 
Sin  their  cysts,  and  ultimately  escape  by  ruptm-e._   Another  _  pecuhar>^y 
Sout  CWpocZa  is,  that  the  segments  resulting  from  fission  secrete  i^^^^^^^U 
a  capsule^around  themselves,  and  thus  we  have  encysted  being  e^^^^ 
within  a  general  cyst.    Lastly,  each  young  cyst  has  its  own  nucleus  and 

contractile  vesicle  (XXIX.  43).  v  \-n  rfJmj- 

The  fission  of  the  animal  when  encysted  appears  to  be  ^^^^^^  "^  f^^^.^ 
coma  -  for  example,  in  G.  sdntUlans ;  and  Stem  surmises  that  it J.s  this 
occm™  wHch  Cohn  witnessed  in  Cmodon  uncinates,  and  thought  to  be 
?wo  ai^mdcTiles  enclosed  within  a  common  cyst,  as  happens  with  Gregar^,^<.. 

Th^Siportance  of  fission  as  a  means  of  multiplying  mchviduals  among  the 
CihataSmits  of  numerous  striking  illustrations.    We  -y  q-  e  o,^^^^^^^^ 
bv  Ehrenberg,  by  no  means  an  extraordinary  instance.    He  made  out  tnat 
a^singletl^M^^^  of  StylonycMa  Mytilus  hved  nme        =  ^^^^^^^^^^^^^^ 
'24  houi-s  it  divided  into  3 ;  and  durmg  the  next  space  of  24  hoius  eacn  ot 

cule  presented  a  constriction  across  the  middle  of  the 

f  ta  No  4  18  ™c°men°  On  the  23;-d,  the  bemgs  pi-odneed  were  too  nu- 
^eXrto"  he'  th.e        ^jJ^i'^^.^tCie^^  ApS! 

'Z:MnriZ  llTo,lJ-,ja,a  Cumulate  in  la.-«e  g-n>sh  -as.e?  - 
Xarie..     tta-  »f  f      ^n'^WV  ra^^r'  1  ot  an  inehT,; 
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have  their  central  portions  occupied  only  by  water.  Hence  we  have  in  such 
clusters  a  distinct  proof  of  the  extraordinaiy  extent  to  which  midtiplication 
by  duplicative  subdivision  may  proceed  mthout  the  intei-position  of  any  other 
process.  These  animalcules,  however,  free  themselves  at  times  fi'om  their 
gelatinous  bed,  and  have  been  observed  to  undergo  an  '  encysting  process  ' 
corresponding  with  that  of  the  Vorticellina.  It  is  much  to  be  desired  that  mi- 
croscopic observers  should  devote  themselves  systematically  to  the  continuous 
study  of  even  the  commonest  and  best-known  forms  of  these  animalcules, 
since  there  is  not  a  single  one  whose  entire  life-history,  from  one  generative 
act  to  another,  is  known  to  us  ;  and  since  it  cannot  be  even  guessed  at,  with- 
out such  Imowledge,  what,  among  the  many  chssimilar  fonns  that  have  been 
described  by  Prof.  Ehrenberg  and  others,  are  to  be  accounted  as  tnily  di- 
stinct species,  and  what  are  mere  phases  in  the  existence  of  others  that  are 
perhaps  veiy  dissimilar  to  them  in  aspect,  it  is  obvious  that  no  credit  is 
really  to  be  gained  by  the  discovery  of  any  number  of  apparently  new  species, 
which  shall  be  at  all  comparable  with  that  to  be  acquii-ed  by  the  complete 
and  satisfactoiy  elucidation  of  the  life-history  of  any  one." 

Gemmation  (illustrated  by  XXVII.  1-4  ;  XXX.  17,  27,  29,  31,  33,  34).— 
This  is  the  next  process  of  multij^lication  to  be  considered.  It  has  much 
analogy  with  fission,  but  is  not  nearly  so  ^ddely  diffused,  being  restricted 
apparently  to  the  families  Vorticellina  and  Oplirydina,  that  is,  to  attached 
species  of  CiHata ;  yet  even  among  these  it  would  seem  not  to  be  general ; 
for  Stein  has  failed  to  observe  it  in  the  genus  Opercularia.  In  it  a  promi- 
nence forms  upon  the  surface,  mostly  near  the  posterior  extremity,  and  of  the 
same  granular  homogeneous  substance  as  the  rest  of  the  animal :  a  line  of 
constriction  soon  displays  itself,  and  gradually  deepens,  whilst  the  budding 
process  increases  in  size  and  developes  internal  organs  and  external  ap- 
pendages, until,  being  sufficiently  perfected  for  an  isolated  existence,  it  severs 
itself  from  the  parent  stock.  The  gemmas  or  buds  thus  produced  are  much 
smaller  than  the  parent,  and,  even  when  they  have  acquii'ed  their  largest  di- 
mensions before  separation,  are  less  than  the  new  beings  originating  fi.-om 
self-division.  In  eveiy  instance  of  fission  the  nucleus  becomes  divided  be- 
tween the  two  segments  ;  and  some  aiithors,  as  we  have  seen,  hold  the  opi- 
nion that  these  share  between  them  a  portion  of  other  pre-cxistent  organs  of 
the  dividing  animal ;  on  the  other  hand,  in  gemmation  the  bud  is  a  mere 
offshoot  of  the  general  substance,  containing  no  portion  of  any  pre-existing 
organ— not  even,  so  far  as  can  be  seen,  of  the  nucleus  ;  and  consequently  all 
the  specially-organized  parts  are  developed  in  it  cle  novo.  If  the  doctrine  of 
internal  germs  be  admitted,  then  it  may  be  imagined  that  each  gemma  origi- 
nates from  one  of  these,  which  takes  on  this  external  direction  of  development. 

On  the  completion  of  the  gemma,  we  find  that  it  resembles  (except  in  Spi- 
rochona  and  Lagenoplirys)  a  completely-contracted  specimen  of  the  parent 
ammalcule,  and  possesses,  in  lieu  of  the  usual  ciliated  whorl  on  the  head, 
a  posterior  ciliary  wreath,  whereby,  when  detached,  it  swims  freely  away' 
with  the  posterior  extremity,  however,  in  advance.  It  resembles,  therefore] 
m  all  respects  the  product  of  fission  when  separated  from  its  feUow,  and, 
like  It,  may  either  presently  attach  itself,  losing  its  posterior  cii-clet  of 
cUia,  and  acquire  all  the  characters  of  its  parent— as  weU  as,  in  process 
of  time,  lis  dimensions —or  advance  to  a  completely  encysted  state,  prepara- 
tory to  a  process  of  development,  or  simply  for  the  object  of  preservation 
from  untoward  external  conditions.  The  act  of  gemmation  goes  on  alike  in 
smaU  and  m  arge  specimens.  Stein  notes  its  occuiTonce  in  Vorticello'  of  only 
^   m  length. 

A  few  illustrations  may  render  the  above  account  of  gemmation  more  clear. 
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Spealdng  of  this  process  in  Vorticellce,  Stein  (op.  cit.  p.  28)  says,  the  intciior 
of  the  Ivnob-like  process  is  quite  homogeneous  at  fii'st  (XXVII.       but  when 
it  has  attained  a  hemispherical  shape,  a  cresccntic  cavity  forms  at  its  anteiior 
part  from  wHch  the  peristom,  rotary  organ,  and  alimentary  tube  are  even- 
tuallV  developed  (XXX.  17,  27),  just  as  happens  in  the  result  of  ftssion 
Whilst  this  proceeds,  the  sweUing  acquii-es  an  oval  or  globose  hgure,  and 
the  width  of  its  attached  base  dwindles  to  a  constricted  neck  or  Lstlimus. 
The  addition  of  acetic  acid  proves  that  no  portion  of  the  nucleus  extends  mto 
it  hvLt  that  this  organ  retains  its  normal  cui-ved  reniform.fig-ui-e.    Stem  here 
adds  the  remark,  that  no  sharp  Hne  of  distinction  exists  between  solf-fission 
Lnd  o-emmation— that  the  latter  may  be  looked  upon  as  an  act  of  unequal 
division  in  which  the  whole  organization  has  to  be  created,  and  not,  as  in 
fission,  simply  perpetuated;  or  fission  may  be  described  as  a  vaiiety  ot 
o-emmatioii,  one  segment  being  regarded  as  a  bud ;  at  least  this  view  holds 
o-ood  in  the  case  of  transverse  fission.    Longitudmal  fission  consists  m  the 
foi-mation  of  two  gemmte,  which  subsequently  involve  the  entu-e  being._  So 
also  in  one  sense  gemmation  does  not  always  end  in  the  production  of  a  smgie 
bud  •  for  Vortkelloi  with  two  are  common,  and  occasiouaUy  with  thi-ee,  one  ot 
which  is  ready  for  detachment,  whilst  the  other  or  others  are  very  mcomplete. 

In  Spivochona  (XXX.  17,  27),  which  does  not  multip  y  by  fission  gem- 
mation is  very  fi-equent ;  and  often  two  buds  are  produced,  one  immediately 
behind  the  other,  the  hindmost  being  fii'St  in  development     Where  t^vo 
S  the  fii-st-for'med  usuaUy  appears  on  the  side  of  the  body  at  its  widest 
part  •  and  the  second  forms  subsequently  in  front  of  it,  nearer  the  neck.  Ke- 
EtiUly  to  the  size  of  the  parent,  the  bud  is  usually  of  greater  dimensions 
than  S  rorikella,  and  may,  by  thrusting  aside  the  head  of  the  Spu-ochona, 
placeTtself  in  the  longitudind  axis  of  the  body.    When  the  gemma  com- 
mrces  to  contract  its  base  and  to  acquii^e  the  form  of  an  mdependent  bemg 
an  opan  le  sSarply-defined,  homogeneous  speck  makes  its  appearance  about 
Its  Se  01,  rather,  in  front  of  it,  which,  by  further  development,  becomes 
ihe^uelSs  (XXX.  17),  whilst  a  shaUow  groove  displays  itself  at  its  anteno 
truncate  md,  and  somewhat  later  is  transformed  into  a  curved  and  rather 
an^Tar  cL  ed  fissm-e  extending  some  way  down  one  side  of  the  body 

In  this  so-formed  gemma  of  Spiroclwna  there  is,  therefore,  a  wide  depai- 
tui^f^om  the  rule  observed  in  any  of  the  Vorticdlina  and  Oplryclma.  No 
SeriorcSaiw  wreath  is  formed ;  and  the  anteiior  cihary  apparatus  toge  he 
'^Ke  headltself,  is  at  fii.t  developed  in  a  ^nn-^T  and  r^^^^^^^^ 
rninner     After  moving  about  for  some  time  by  means  of  the  cihaiy  antero 

cham^el,  the  free  gemma  fixes  itself  by  its  posterior  extremity,  by  an 
at  le  S^^^^^^  or  occasionally  by  a  shoi-t  stem  ;  and  ^f-^.^^^^^^^ 
of  the  ciliated  furrow  approximate,  and  coalesce  bchmd,  wliilst  m  iiont 
one  e^e  liso^^^^      the  other  (XXX.  19),  and  soon  forms  a  ^W^^^'^^-' 
:iteS  membrane,  which  becomes  clothed  .ath  ciha 
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malcule  and  its  sheath.  The  rale  seems  to  be  that  two  or  four  gemmaj  are 
produced  within  the  sheath  at  the  same  time  (XXX.  29,  34)  ;  but  since 
Stein  had  never  encoimtered  four,  and  very  rarely  three,  gemmse  upon  any 
animalcule,  the  idea  crossed  his  mind  that  these  small  buds  of  Lagemphrys 
might  perhaps  be  embryos  developed  within  the  interior,  and  subsequently 
discharged.  Another  explanation  was  possible,  viz.  that  they  were  animal- 
cules which  had  found  their  way  into  the  sheath,  and  were  quite  foreign  to 
it.  However,  both  these  hypotheses  are  set  aside  by  the  histoiy  of  deve- 
lopment and  by  the  characters  of  the  beings  produced.  The  process  consists 
in  the  enlargement  of  the  posterior  extremity  (XXX.  33),  or  of  a  part  of  the 
side  of  the  Lagenoplirijs,  and  the  progressive  detachment  of  the  enlargetnent 
as  a  segment  or  bud,  and  simultaneously  the  production  of  a  band-like  nu- 
cleus and  contractile  vesicle  within  it.  This  stage  being  so  far  complete,  the 
gemma  does  not  proceed  to  develope  into  the  form  of  the  parent  animal,  but 
self-fission  takes  place,  and  two  similar  ovoid  bodies,  each  with  its  contractile 
vesicle,  is  the  result  (XXX.  29).  When  the  constriction  of  the  single  gemma 
announces  approaching  fission,  a  circlet  of  cilia  appears  on  each  side  of  it 
(XXX.  34) ;  and  on  the  completion  of  the  process,  each  segment  has  a  conical 
head  surrounded  with  a  wreath  of  cilia. 

Erom  this  mode  of  production  in  pairs,  the  number  of  gemmae  mthin  the 
sheath  of  LagenopJirys  shotild  always  be  two  or  a  multiple  of  two ;  hence, 
when  three  are  seen,  it  is  to  be  presumed  that  one  has  previously  made  its 
escape.  From  the  peculiar  waj"  in  which  the  body  of  the  Lagenophrys  is  sus- 
pended by  its  attached  peristom  to  the  oiifice  of  the  sheath,  it  is  clearly  im- 
possible that  anj4;hing  can  directly  either  make  its  entrance  into  or  its  escape 
from  the  animal,  without  ruptiu-e,  of  which  Ave  have  no  indication.  The  way 
in  which  this  impediment  is  siu-mounted  is,  on  Stein's  authority,  by  the  sudden 
contraction  of  the  body  of  the  Lagenoplirys  ruptuiing  the  adhesion  of  the 
peristom  to  the  orifice  of  the  sheath,  and  by  its  subsequent  retraction  within 
it  (XXX.  31).  In  this  manner  a  free  exit  is  afforded  to  any  contained 
gemmee ;  and  after  a  certain  time  allowed  for  their  passage,  the  anterior  part 
of  the  body  again  enlarges  itself,  and  reassumes  its  adhesion  to  the  sheath. 
After  their  exit,  Stein  has  no  observations  to  show  what  becomes  of  them  • 
but  his  idea  seems  to  be  that  they  do  not  produce  a  sheath  until  nearly 
amved  at  matiuity,  since  they  are  so  much  smaller  than  the  least  of  the 
sheathed  examples  to  be  met  with. 

If  this  account  be  correct,  the  gemmation  of  Lagenophrys  is  actually  a 
compound  process  of  budding  and  fission,  wlulst  the  resultant  beings  differ 
widely  from  those  of  other  Vorticellina  in  all  details,  and  are  so  very  aberrant 
in  form  from  the  parent,  that  they  require  to  undergo  a  metamorphosis  before 
they  gain  it. 

Detelopment  feom  Ova.  Internal  Germs  and  Embryos.— Althouo-h  the 
reproduction  of  the  Cihated  Protozoa  is  so  largely  provided  for  by  the  two 
processes  of  fission  and  gemmation  as  just  described,  it  is  even  more 
marveUously  so  by  their  possession  of  true  generative  functions— a  fact 
clear  y  established  by  the  latest  observers,  although  denied  by  Siebold, 
Komker,  and  others  some  years  since,  when  the  unicellular  hypothesis 
of  Protozoic  life  militated  against  the  notion  of  the  existence  of  internal 
ova  or  germs.  Even  now,  indeed,  when  we  look  to  the  researches  disclosing 
to  us  the  development  and  discharge  of  germs  and  of  Uving  embryos,  we  find 
diverse  and  contradictorj^  statements  concerning  both  the  antecedent  or  pre- 
paratory acts,  and  the  final  results.  We  cannot  attempt  to  reconcile  these 
discrepancies,  but  wdl  record  the  principal  opinions  of  naturalists  and  tho 
observations  on  which  they  are  based. 

a  A 
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In  a  previous  page  we  have  stated  the  views  of  Carter  and  Pci-ty,  relative 
to  the  existence  of  ova  or  germs  in  the  interior  of  Cihated  Protozoa,  and 
have  reiected  them  as  unsatisfactory.  Fui-ther  when  we  come  to  inquire 
the  process  of  development  of  the  presumed  ovules,  their  mode  of  exclusion, 
and  other  particulars  necessary  to  complete  their  histoiy  and  even  then- 
identification  we  find  that  those  naturalists  have  no  direct  ohsei-vations  to 
adduce,  hut  can  appeal  only  to  analogy  and  to  some  casual  and  unconfii-med 
observations  of  others.  For  instance,  Mr.  Carter,  when  treating  of  the  develop- 
ment of  ovules,  appeals  to  the  process  in  Sjoongilla  and  Eiiglypha,  and  endea- 
vours to  make  out  that,  with  some  modifications,  the  ovules  of  Euglence,  and  pro- 
bably those  of  aU  the  Ehizopods  and  Astasias,  have  a  similar  mode  of  generation. 

Pertv   lilcewise,  unable  to  advance  any  direct  proof  of  the  exLstence 
of  ovules  and  of  their  discharge,  appeals  to  Eckhard's  obsei-vations  on  Sten  or 
ccm-uleus,  which  Oscar  Schmidt  repeated  and  generaUy  confiiTned.    In  the 
rfcorded  obsei-vation  of  Eckhard  (A.  K  H.  xvui  1846),  thi-ee  or  four 
glies,  in  difi^erent  stages  of  development  occurred  in  the  mtenor  of  the 
terZ  \n  a  row  (XXIX.  8-13)        lu  the  fii'st  stage,  the  contents  of  the 
SobSes  consisting  of  minute  granules,  exist  most  imperfectly  developed; 
but  few  fannies  It  present  occiu-,  and  the  globule,  when  it  hes  m  the 
bodv  J  not  veiT  distinct,  on  account  of  the  granular  pai^enchyma  of  the  lat- 
ter '  li  the   elond  stage  of  development  (fig.  9)  the  granules  appear  more 
numerous  the  contents  are  therefore  more  concenteated  and  t^e  globules 
crtS  be  very  distinctly  observed  in  the  body.  _  Eig.  11  shows  the  thn-d 
giWes^commenc/  arranging  themseltes  in  a  row     .  .  Or,  as  som  - 
!•  °  .  •hfr.tp-ns  thev  annear  grouped  in  the  same  manner  at  two  spots.  The 

™uleXs\SS^  P--^^  ^^^^^^        ^  ^'^f 

f  f  oraan  rfig  12)  in  which  the  granulai'  structiu^e  cannot  be  any  longer 
detected  T^^^^^^^  Med  in  two  parts.    Lastly  in  the  situation 

ithetr^m  parent  glandular  organarow  of  cilia  appears,  evidently  the  mouth 
?fio  l3r  Whether  this  organ  is  formed  immediately  from  the  former,  I 
have  been  atle  to  ascertaL  with  certainty ;  yet  that  it  is  so,  ^  extremely 
Sable  sSce  on  the  one  hand  the  row  of  cilia  occiu'S  m  the  situation  of  the 
briSand  whilst,  on  the  other  hand,  in  all  the  germs  which  exhibit  this 
^he-ttr  organ  is  absent.    Simultaneously  with  the  d^^^^^^ 

,.fi.  +>,prP  flTinear  one  or  two  clear  vesicles  (fag.  16).  un  tiie  lotu  oi 
Sav  I  oterveri?  lie'nterior  of  St.  cceruleus  a  germ  as  in  fig.  12 ;  I  saw 
May  ^  motion;  the  vesicles  were,  however,  still  absent, 

and  ?W  mn^i^Z  -Xs  occasion.  On  the  21st,  I  saw  the  perfect 
and  they  ^^^'"'^  ,  ^^^^^^^^  o^t,  whilst  the  parent  animal  swam  away.  I 
form  (fig.  If  >',7Xeiwerth^  one  to  foHow  up  its  fui-ther  changes, 

S  iBgarafirJL  ittfLe  e^bitcd  an  incm,a«on  at  Wowe. 
7  'r^fi    nn  annearance  frequently  observed  in  yoimg  Stentors,  sometunes 
•n  0  roJ^  wS  ^l^^Satcd  form  to  one  more  or 

m  old  ones,  subseauentlv  once  seen  the  escape  of  a  similar  genu  ; 

'^'.1  It  anneis  to  me  iSS  S^e  point  of  maturity  is  that  at  which  vesicle, 
andit  appears^to^mei  ^  j,,^  I  have  observed  two  such 

^Tles  biit  I  have  not  succeeded  hi  seeing  any  perfectly  formed  escape  In 
globules,  but  1  nave  reciu-rence  of  this  phenomenon,  but  have 

:TllnZ:f:oL^o  it  so  perfectly  as  in  the^ spring,  although  similar 
globies  are  not  rare  in  the  later  parts  of  the  year. 
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From  tlie  penisal  of  this  account,  the  thought  arises,  whether,  instead 
of  proving  the  existence  and  progressive  development  of  internal  ovules  or 
germs  in  the  sense  Terty  adopts,  it  is  not  another  illustration  of  embryo-de- 
velopment by  a  sort  of  gemmation  or  breaking  up  of  the  nucleus,  such  as  the 
researches  of  Cohn,  Stein,  Lachmann  and  others  have  made  known  to  us,  and 
concerning  which  we  have  now  to  speak  {see  Btilbiani's  researches,  p.  329). 

The  development  of  the  nucleus  into  embryos  takes  place  under  different 
cii-cumstances  and  in  a  varied  manner  in  different  genera  of  CUiated  Protozoa. 
It  may  occur  either  without  the  previous  encysting  of  the  animalcule,  or  after 
this  process  is  completed.  Agaiu,  in  the  latter  condition,  and  without  ulterior 
change  or  metamorphosis,  either  a  few  active  embryos,  or  some  encysted 
germs,  may  be  the  resiilt,  or  the  whole  nucleus  may  resolve  itself  into  a 
brood  of  monadiform  beings,  or,  lastly,  according  to  the  views  of  Stein,  the 
encysted  animal  may  be  metamorphosed  into  an  Acinetiform  being,  out 
of  which  embryos  are  developed  diverging  in  character  more  or  less  com- 
pletely fi'om  the  origiaal  ciliated  Protozoon,  to  which,  however,  they  eventually 
recur.  The  development  of  embryos  without  the  previous  encysting  of  the 
animalcule  has  been  followed  out  by  Pocke,  Cohn,  and  Stein  in  Nassula  and  in 
Paramecium  (Loxodes,  Cohn)  Bursaria  (XXYIII.  10-14,  XXIX.  28  to  34). 
A  portion  of  the  nucleus  is  separated  by  fission  or  by  an  act  of  gemmation, 
and  constitutes  a  more  or  less  orbicular  body,  in  which  a  nucleus  (XXIX.  34), 
and  then  a  contractile  vesicle,  shortly  declare  themselves  (XXIX.  29). 
Pocke  siu-mised  that  the  so-caUed  nucleolus  origraated  this  germ,  which  then 
found,  as  it  were,  a  lodgment  and  nutrition  in  the  nucleus  as  in  a  uterus  {see 
Balbiani,  p.  329) ;  but  Stein  affirms  that  this  body  has  nothing  to  do  with  the 
origin  of  the  germ,  and  ls  frequently  to  be  seen  separated  and  removed  to  some 
distance  from  the  nucleus  (XXIX.  29).  In  appearance  the  disk-like  germ  is 
finely  granular,  paler  than  the  nucleus,  and  not  sui-rounded,  like  the  latter, 
with  a  special  membrane.  Cohn  represents  it  as  existing  in  a  distinctly 
limited  cavity,  prolonged  to  the  external  sui'face  as  a  tube  or  oviduct,  and 
terminated  by  a  two-lipped  oiifice,  thi'ough  which  the  embryo  makes  its  exit 
(XXYIII.  11, 12).  According  to  Stein,  however,  no  such  duct  and  external 
orifice  have  an  existence,  except  temporarily,  dming  the  passage  of  the  germ, 
or  germs  when  two  or  more  foUow  in  succession.  This  assertion  of  Stein 
is  supported  by  Cohn's  own  observation,  that  the  point  of  extrusion  varied 
in  different  individuals  in  its  position,  beiug  at  one  time  at  the  middle, 
at  another  above  it,  at  a  thii-d  below  it,  and,  as  the  rule,  on  the  left  side, 
although  as  an  exception  on  the  right  side  or  even  towards  the  anterior 
margm.  The  act  of  birth  occupies  about  twenty  minutes  ;  and  when  the 
embryo  is  about  to  escape,  it  exhibits  a  vibration  on  its  surface,  wliich  causes 
a  motion  in  the  surrounding  water  and  hastens  its  detachment.  This  motion, 
after  continuing  a  short  time,  ceases,  and  the  little  being  attaches  itself  to  the 
exterior  of  the  parent  (XXIX.  30).  The  chasm  produced  in  the  parent 
diuing  the  extrasion  soon  closes  up,  and  leaves  no  trace,  except,  it  may  be,  a 
slight  hollow  in  the  surface.  The  embryo  has  an  elongated  fissure,  is  rounded 
at  each  end  (XXIX.  30),  and  frequently  rather  contracted  at  its  middle ; 
internally  it  is  finely  granulai'  and  colourless— not  greenish,  asPocke  asserted— 
and  contains,  besides  a  darker  nucleus,  one  or  two  contractile  spaces  (XXVIII. 
14).  Cohn  could  discover  no  mouth ;  but  Stein  displays  in  his  figure  an 
obHque  fold  or  groove  (XXIX.  30),  which  may  possibly  represent  the  oblique 
funnel-hke  vestibule  of  the  mature  Paramecium.  The  vibratilc  movement 
visible  about  the  surface  indicates  ciliaiy  action ;  and  if  the  embryo  be  killed 
with  iodine,  the  presence  of  long  cilia  is  demonstrated.  Still  the  most 
pecuUar  feature  in  the  new-born  animalcule  is  the  possession  of  several  soft 
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tentacular  processes  at  each  end,  siuTotmded  by  smaU  knobs,  recaUing  in 
fiti-ure  the  knobbed  tentacles  of  some  Acinetina  (XXYIII.  14,  XXIX.  30) ; 
by  means  of  these  the  embryo  secures  its  hold  to  its  parent.  Such  pro- 
cesses are  not  present  in  aU  specimens,  and  are  therefore  non-essential ;  or 
it  may  be  they  have  disappeared  by  withdi-awal  into  the  general  substance 

of  the  body.  .  ^       j    ,     •  i. 

The  embryo  once  freed  from  its  parent,  commences  an  independent  existence, 
moving  freely  about  in  the  water— much  more  sinular  in  figure  and  stractui-e, 
however  to  some  of  Ehrenberg's  CycUdina  or  to  Dujardin's  Enchelyens  than 
to  Farcmedum.  Cohn  notes  its  aflEinity  with  the  Cyclichum  margantaceum 
or  to  the  Pantotrichum  Enchelys  (Ehi'.),  and  also  with  several  species  ot 
Duiardin's  genus  Enchelys  (CyclicUum  Ehi-.).  ,     ,         •     -.^  i 

Cohn  adds  that,  in  his  opinion,  several  embryos  are  developed  simultaneously, 
and  that,  where  only  one  or  two  are  found,  others  have  already  escaped,  in 
some  instances  he  has  noticed  as  many  as  six  or  eight  in  process  of  develop- 
ment, and,  it  would  seem,  in  almost  precisely  the  same  stage,  although  theu- 
bii-th  is  successive.  Further,  besides  these  normal  embiyos,  he  has  fre- 
Quently  witnessed  the  escape  of  others  having  a  globular  figui^e,  clothed  with 
cilia  and  furnished  with  tentacular'  processes  and  a  contractile  vesicle. 

Dui-ino-  the  act  of  birth,  the  pulsations  of  the  contractile  space  of  the 
narent  a?e  uninternipted,  and  the  rotation  of  the  contents  is  arrested  until 
^vei™m  has  escaped.  Another  cuiioi^s  fact  is,  that  the  birth  of  embryos 
may  pSeeed  as  usud  even  whilst  the  act  of  fission  is  taking  place  m  the 

^'?he  mIv  history  of  the  free  embryo  is  not  known;  yet,  in  aU  pro- 
bability it  is  ultimately  transformed  into  a  perfect  Parameaum,--^n  event 
XdL  from  its  figui-e  and  structure,  ensues  readily  and  perhaps  without  more 

'"Tudk?"^^^^^^^  it  is  ^^r^-^^^^^^^ 

deveSent  of  embryos  in  Stentor  ccerulei^  (XXIX.  8)  recorded  by  Eckhard 
354)  was  a  precisely  similar  phenomenon  to  that  jus  descnbed  n 
Param^dum  ■  and  it  is  clear  that  the  like  obtains  m  Stentor  polymorphus,  in 
frSITor  Bursaria  noticed  by  Siebold  (probably  the  5™.a  E^ozoon 
Su^parasitic  in  a  frog),  in  Urostyla  grandis,  as  mentioned  by  Cohn^  and  m  ttie 
aSnalcule  wHch  we  conceived  to  be  TricJwdzna  pedtculus  {A.  N.  H.  1849, 

^SincT^this  was  written,  the  indefatigable  labours  of  Cohn  have  added 
2t  inJtance  of  tHs  endogenous  mode  of  development,  m  NassuU 
another  instance  01  tms  e     B  This  animalcule  possesses 

:S&euB''£^^^^  -  a  fossa  near  one  end,  and 

an  emptic  nucleus,  udv   o  Paramecium  Bursaria.  Among 

rrvTpe'ciineU  C  Wo^d  seveiS  having  a  large,  elliptic,  hoUow  space 
rSr  Sed  by  a  membranous  waH.    Where  this  space  approached 
::ats?L^einalUace  of  the  a^i-lcule  th^- ^^^^^^^^^ 
H,e  form.,  and  ^r  'L^Zl^I^t,'' ^^^^^ 

?^?t?on  and'Sl^^^^^^^^^^^^  one-half  their  n-mal.dimensions^ 

Xe  dtSment  of  an  embryo  within  an  encysted  animalcule  is  illusti-at.d 
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in  Stein's  history  of  Chilodon  Cucidlulus  {op.  cit.  p.  134).  At  a  preceding  page 
(p.  342)  we  have  given  an  abstract  of  the  mode  of  encysting  of  this  animal,  and 
have  stated  that  the  capsule  remains  gelatinous  and  soft.  _  Inside  the  cyst, 
Stein  discovered  an  actively-moving  embryo  contained  within  a  special  cavity 
(XXIX.  54-56),  occupying  precisely  the  spot  where  in  other  encysted  Chilo- 
dons  the  nucleus  is  found,  viz.  in  the  diagonal  line  connecting  the  two  oppo- 
site contractile  spaces.  The  embryo  had  an  oval  or  ovate  compressed  fig-ui'e, 
with  one  side  straight  or  gently  cm-ved,  and  the  anterior  extremity  notched. 
Its  entii-o  surface  was  covered  with  longitudinal,  widely-separated  rows  of 
unusually  long  cilia,  in  incessant  motion,  which  tm-ned  it  in  a  spiral  or  vermi- 
cular manner.  Pressm-e  on  the  cyst  caused  its  expulsion  (XXIX.  59),  either 
alone  or  together  with  the  substance  of  the  parent- cyst,  to  which  it  always 
remained  adherent.  This  embryo,  Stern  concludes,  is  derived  from  the  nucleus. 
Many  cysts  may  be  met  with  in  which  the  nucleus  is  replaced  by  a  much 
larger  body,  having  a  different  consistence,  opaque  and  motionless,  and 
possessing  in  all  respects  the  outhne  of  a  germ.  On  pressing  it  out  of  its 
place,  its  siuface  is  seen  to  be  not  quite  naked,  but  to  have  short,  stiff,  and 
imperfectly- developed  cilia  at  one  end  or  entirely  around  its  margin. 

Since  the  embryo  occupies  the  site  of  the  nucleus,  it  might  at  first  sight 
be  supposed  that  the  latter  was  wholly  transformed  into  it;  but  analogy 
leads  us  to  the  contrary  inference,  that  the  nucleus,  although  obscured  from 
view  by  the  internal  germ,  is  nevertheless  present ;  and  this  conclusion  is 
further  supported  by  the  fact,  that  a  successive  development  of  embryos  goes 
on  until  the  entire  contents  of  the  cyst  are  used  up  in  theii"  formation,  an 
event  that  does  not  occur  without  the  influence  of  a  nucleus. 

Stein  declares  the  embryo  (XXIX.  59)  to  be  precisely  similar  to  Cyclklium 
Glaucoma,  both  in  figure  and  movements.  Its  size  varies  with  that  of  the 
animalcule  producing  it ;  and  individuals  of  all  sizes  may  undergo  the 
encysting  process.  The  smallest  cysts  met  with  were  in  length,  and 
their  embryo  not  more  than  ;  the  largest  -JL-'",  and  their  embryo  from 
Ti^"'to^"'(XXIX.56). 

A  remarkable  circumstance  happens  ia.  the  case  of  some  encysted  Chilodons, 
even  after  they  have  given  birth  to  one  or  more  embryos, — viz.  that  they 
seem  to  emerge  from  their  quiescent  state  and  resume  their  active  form.  For 
instance.  Stein  met  with  cysts  containing  a  freely-moving  CJiihdon,  together 
with  an  active  embryo,  both  which  idtimately  escaped  by  an  aperture  in 
their  waUs  (XXIX.  58).  This  revivification  of  the  ciliated  Chilodon  as  above 
referred  to,  is  urged  by  Stein  as  an  argument  to  prove  that  the  cilia  are  not 
lost  or  destroyed  when  encysting  takes  place,  but  probably  merely  closely 
compressed  against  the  surface. 

Another  variety  of  development  of  germs  within  an  encysted  animalcule 
is  seen  in  Colpoda  Cucullus  (XXIX.  35-47),  which  we  have  described  under 
the  head  of  "  Fission,"  since  the  formation  of  the  germs  is  the  consequence 
of  self-divison  of  the  whole  animal  either  into  two  or,  as  a  rule,  into  four 
segments,  which  themselves  become  individually  encysted,  and  present  their 
own  nucleus  and  contractile  space.  This  plan  of  development  explains  the 
occurrence  of  very  small  encysted  Colpodce. 

It  was  in  this  genus  that  Ehi-enberg  conceived  he  had  made  out  veiy 
clearly  the  hermaphroditism  and  cyclical  development  of  "  Polygastrica." 

A  third  way  m  wliich  the  encysting  of  an  animalcule  is  made  to  soi-ve  the 
process  ot  development  is  by  the  resolution  of  the  nucleus  into  a  multitude 
ot  minute  segments,  each  eventually  assuming  an  independent  animal  ex- 
istence. This  formation  of  what  may  be  called  hrood-cyBt^.  occurs,  as 
shown  by  Stem  s  later  researches,  in  VoHlcella  microstoma  (XXIII.  10-14). 
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Among  cysts  of  the  usual  form  and  dimensions,  are  some  in  which  a  sac,  not 
unifonnly  adherent  to  the  inner  sui-face  of  the  capsule,  contains  from  two  to 
ei°-ht  or  more  generally,  from  four  to  six,  oval  or  reniform  secondary  sacs, 
irrcg^ar  both  in  position  and  size  (XXIII.  10, 11),  and  containmg  a  duU  and 
fine  or  coarse  granular  matter,  within  which,  again,  is  a  clear  (contractile?) 
space  hut  no  nucleus  is  discoverable  even  when  acetic  acid  is  added.  Pre- 
sently these  vesicles  elongate,  and,  becoming  flask-shaped,  protnide  their 
necks  through  the  enclosing  sac  and  the  cyst-waU  (XXIII.  12,  13),  and 
proceed  to  discharge  their  contents  (XXIII.  14)  through  their  open  extremi- 
ties •  after  which,  they  corrugate  and  wither.    The  discharged  matter  ls 
composed  of  a  mass  of  monadiform  corpuscles  united  together  in  a  globose 
gelatinous  mass,  the  whole  of  the  organic  matter  filling  the  cyst  being  used  up 
A  precisely  simHar  act  of  propagation  Stein  also  witnessed  in  a_n  encysted 
Vorticella  nebulrfera.    Cienkowsky  {Zeitschr.  Band  vi.  p.  381)  also  reports 
its  occurrence  in  Nassula  vvridis,  Duj.  (XXYIII.  65-71) ;  according  to  this 
author's  researches,  the  contents  of  the  cysts  of  Nassula  i^mcZis  break  up 
into  a  number  of  globular  cells  (XXYIII.  68-70),  which  soon  partake  of  a 
certain  degree  of  rotating  movement  among  themselves,  develope  m  their 
interior  a  multitude  of  what  he  terms  swai-m-spores,  and  at  a  certain  period, 
when  mature,  severally  produce,  in  turn,  a  tapering  neck-hke  tubular  process 
CXXVIII  68  69)  which  perforates  the  softened  cyst-waU  and  gives  exit 
to  the  spores  or  germs  (XXYIII.  71).    THs  account  tallies  with  that  given 
by  Stei^  of  certain  Vorticdla-cjstB.    Lachmann  has  the  fonowing  remarks 
on  this  topic  {A.  N.  H.  1857,  xix.  p.  238):-"  It  was  only  in  his  most  recent 
observations  on  Vortkel-la  microstoma,  that  Stem  saw  the  preduction  of  larger 
c-lobules,  «  daughter-vesicles'  (Tochterblasen),  m  the  mtenor  of  the  mother- 
vesicle ;  but  previously  he  had  seen  nothing  of  the  kind:  it  must  remain 
imcerta^  whether  he  had  overlooked  them,  whether,  instead  of  several 
Ibu  es,  only  one  veiy  large  one,  entirely  filling  the  mother-vesicle  had 
been  produced,  or  whether  two  different  modes  of  development  actually 
occJr  il  this  case.    THs  is  the  only  mode  of  repreduction  of  the  Infusona 
wS  has  hitherto  been  observed  in  encysted  animals  alone;  but  some  ob- 
Temitions  made  by  E.  ClaparMe  and  myself  upon  an  undescnbed  vagmi- 
cobtt  l^tsorium,^  indicate  that  encystation  is  not  a  necessary  condition 
even  for  this  mode  of  propagation."  .  4.1,  i. 

The  last  plan  of  generative  development  to  be  considered  is  that  wherem 
according  to  Stein's  hyioothesis,  the  encysted  animalcule  undergoes  an  actual 
metamoiThosis,  and  subsequently,  as  a  rule,  preduces  an.  embryo  wHch 
Sthough  very  dissimilar  to  the  original  ciliated  animalcule,  is  nevertheless 
presumed  to^e  convertible  into  it  after  passing  though  one  or  more  trans- 

^^Tntyr^ltr  according  to  Steenstr^.'s  hypothesis,  tMs  ^^a 
tion  of  generation,"  in  the  generative  acts  of  cihated  Protozoa,  Stem  has 
most  diligently  sought  to  establish  as  a  fact,  but,  in  the  opmion  of  most  of 
Te  besf  Suihstsfhas  faHed  so  to  do.  StHl  the  h^-pothesis  xs  too  « 
nml  interesting  to  be  omitted  from  om-  description,  and,  what  is  more,  has 
beenXteT!s  ti^e  by  several  obseiws.  It  will  therefore  be  best,  firs 
to  set  forth  Stein's  own  Lcount,  and  then  to  add  the.  remarks  and  objections 

On  some  of  the  branching  stems  of  EpistyUs  pUcatUis  c>ndot  E.nuta^^ 
cjf.^^  prountercd  not  only  the  ordinary  animalcule  m  fiOl  activity  and  m  a 
orrncted  sutr  but  also  some  pear-shaped  bodies,  presenting  merely  the 

r^frl  nucleus  and  a  contractile  space,  ^vithout  mouth  or  any  remnants  of 
iTZZH^  i^^'or  of  food.     'on  other  branches,  agam,  were  other 
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bodies  haviu"-  the  figui-e  of  Acinetce,  furnished  with  tentacles  slightly  move- 
able and  more  or  less  retractile  (XXVII.  17,  18,  19,  20).  These  Acineti- 
form  beings  were  noticed  and  figui-ed  by  our  countryman  Baker  a  century  ago  ; 
they,  moreover,  did  not  escape  the  observation  of  Ehronberg,  in  the  allied 
genus  Opercidaria,  but  were  regarded  by  him  as  parasitic  animalcules.  _ 

On  another  occasion,  Stein  met  with  a  stem  of  Epistylis  plicaUlis  bearing 
some  thirty  Achietce,  diffeiing  among  themselves  very  much,  both  m  size  and 
in  their  stage  of  development.  Each  was  supported  on  a  branch  presenting 
the  characteristics  of  this  species,  but  smaller  in  dimensions,  and_  tapering 
from  the  base  of  the  Acinetiform  body  (where  it  had  the  usual  thickness  of 
an  Epistijlis-&ta!ik)  to  its  jimction  with  the  stem  below.  The  length  of  the 
branches  also  varied  greatly,  being  in  some  instances  not  quite  so  much  as  that 
of  the  body  they  supported,  in  others  twice  as  long ;  however,  there  was  no 
proportion  between  the  length  of  the  stem  and  the  siiie  of  the  body.  Most 
of  the  Acinetai  had  a  smooth  surface  and  no  tentaeula  ;  they  were  of  a  pyri- 
form  compressed  figui-e,  and  contained  a  coarsely  granular  and  homogeneous 
substance,  two  or  three  irregularly-placed  contractile  spaces,  and  a  central 
nucleus  having  either  the  normal  horse-shoe-  or  an  elongated  oval  shape. 
"Where  the  Acinetce  had  tentacles,  these  processes  were  few  and  small,  and  the 
surface  of  the  body  thrown  into  irregularities  by  its  contractions ;  their  nuclei 
were  either  round  or  oval.  These  Acinetce  exhibited  no  movements,  except 
some  slight  ones  affecting  the  tentaeula.  Were  their  anterior  extremity  un- 
folded and  their  tentacles  outspread,  they  would  assume  the  figure  presented 
by  those  described  in  the  first  observations  on  this  species,  whilst  the  closed 
pyriform  bodies  were  precisely  ahke. 

The  further  developmental  history  of  this  particular  Epistylis  could  not  be 
followed  out,  and  to  arrive  at  the  purpose  of  its  ^cineto-metamorphosis,  the 
research  was  extended  to  other  species.  A  particular  form  of  Acineta  occurs 
in  company  with  Epistylis  digitalis,  which  Stein  concluded  to  be  derived  from 
it  by  a  similar  process  to  that  presumed  in  E.  plicatilis,  although  the  Acinetce 
were  isolated  and  seated  on  short  pedicles.  At  the  anterior  part  of  each 
Acineta,  amid  the  large  granules  crowding  the  homogeneous  contents,  were  a 
contractile  space  and,  in  many  specimens,  a  moving  embryo  having  a  cylin- 
drical figure,  rounded  at  each  end  and  narrower  in  the  middle,  where  several 
zones  of  long  ciha,  in  apparent  folds  of  the  surface,  surrounded  it.  In  ge- 
neral characters  it  would,  as  an  independent  organism,  be  referable  to  the 
genus  Trichoclina,  and  is  probably  no  other  than  the  T.  voraoa  or  T.  gran- 
dinella,  Ehrenberg.  The  embryo  escaped  through  a  temporaiy  opening, 
which  closed  very  speedily  afterwards,  leaving  the  animal  apparently  unin- 
jured ;  moreover  the  tentacles,  which  are  retracted  during  the  bii'th,  were 
again  outstretched.  The  conclusion  arrived  at  is,  that  the  J.cmeto-condition 
is  specially  provided  to  carry  out  embryonic  development,  and  that  in  so  doing 
the  Acineta  gradually  exhausts  itself. 

Stein's  first  impression  was,  that  the  embryo  resulted  from  the  develop- 
ment of  the  entire  nucleus,  and  that  this  organ  was  formed  anew  from  the 
general  contents  of  the  Acineta  ;  however,  later  researches  lead  him  to  be- 
lieve that  only  a  portion  of  the  nucleus  is  concerned  in  building  up  the  em- 
brj'o.  No  particular  season  seems  devoted  to  this  ^cuicfa-formation,  since 
Stem  has  observed  it  from  the  middle  of  March  thi-ough  the  whole  sum- 
mer, and  m  fewer  instances  imtil  December  ;  moreover,  embryonic  gene- 
ration IS  not  restricted  to  any  particular  size  of  Acineta,  but  occurs  in  all 
except  the  very  smallest;  nevertheless  the  embryo  is  smaller  proportionably 
to  the  decreasing  size.  Active  embryos  wore  seen  in  Acinetm  of  only  ^^1^""', 
the  germ  itself  being  only 
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Besides  the  cysts  and  Acinetce  supported  on  branching  Ejjislylis-atcms, 
Stein  found  others  attached  separately  by  very  short  stalks,  or  nearly  sessile  ; 
these,  his  observations  go  to  show,  are  probably  derivable  from  the  beings 
produced  by  fission  or  gemmation,  which  have  detached  themselves  from  the 
parent-stem  in  the  strongly-contracted  or  partially-encysted  condition,  and, 
on  afterwards  fixing  themselves,  proceeded  either  to  complete  their  encysted 
state  or  to  assume  the  Acinetiform  condition. 

Another  set  of  beings  Stein  is  disposed  to  introduce  in  the  developmental 
history  of  Epistylis  digitalis,  in  the  shape  of  miniature  branching  Vorticellina. 
The  branches  are  dichotomously  disposed,  very  slender,  short,  and  rigid 
Seated  at  the  extremity  of  each  is  a  small  campanulate  being,  with  a  stifi' 
bristle  proceeding  from  each  angle  of  the  base  (XXVII.  22,  23).  Internally 
they  are  finely  granular.  They  exhibit  slight  changes  of  outline  and  jerking 
movements  upon  their  stalks;  they,  moreover,  can  detach  themselves  and 
swim  freely  away  like  a  detached  Epistylis  digitalis,  and  may  sometimes  be 
seen  to  affix  themselves  again  by  their  base  and  produce  a  pedicle.  These 
beings,  whether  derived  from  E.  digitalis  or  from  Garchesium  ■pygmceum — 
for  they  occur  in  company  with  both  these  animalcules, — their  discoverer 
would  regard  as  their  earliest  phase  of  development,  and  believes  that  not 
improbably  similar  miniature  beings  belong  to  aU  the  pedicellate  Vorticellina. 
This  notion  involves  no  great  stretch  of  the  imagination  ;  for  there  is  no  extra- 
ordinary metamorphosis  necessary,  and  we  may  throw  out  the  suggestion  that 
such  minute  Vorticellina  are  developed  from  the  monadiform  contents  of  the 

brood-cysts.  m-  , 

To  take  another  iUustration  of  Stein's  hypothesis  from  the  aUied  genus  Oper- 
cularia—ihe  0.  berberina.    Direct  observation  is  wanting  to  identify  the  Aci- 
neta  as  belonging  to  this  Opercularia,  except  so  far  as  contiguity  on  the  same 
filament  of  a  plant  or  on  the  same  member  of  a  marine  animal,  and  their  frequent 
occiOTence,  be  aHowed  to  have  weight.    Stein  argues  that  the  conversion  of  an 
encysted  Opercularia  into  an  Acineta  is  readHy  conceivable,  by  reason  ot  their 
congniity  of  form  and  the  existence  of  iatermediate  phases,  whilst,  on  the  con- 
trary the  transformation  of  the  ciHated  embryo  into  an  Acineta,  without  first 
passing  through  the  intervening  stage  of  an  Opercularia  (a  change  easily 
imagined),  is  a  circumstance  scarcely  probable:  on  simHai-  grounds  he  would 
associate  the  pear-shaped  Acineta,  having  a  ramified  nucleus  (XXX.  6,  4), 
with  Operculmna  articulata  (XXX.  1),  as  a  phase  of  existence  mtei-posed 
between  it  and  its  embiyonic  stage  of  a  free  ciliated  animalcule ;  but  his 
developmental  history  of  Vorticella  microstoma  is  by  fai-  the  most  elaborate, 
although  much  too  long  to  present  here  except  in  abstract.      „,    ,    ^  „ 
His  first  step  in  the  investigation  of  this  species  was  the  lUustration  ot 
the  act  of  encysting  (XXVII.  5  a-d)  in  its  widest  range,  and  the  next, 
to  identify  certaia  globular  cysts,  found  in  company  with  the  Vorticellte,  witn 
the  cysts  of  those  animals.    These  cysts  were  about        in  diameter ;  they 
had  a  clear  double  outline,  and  contained  a  homogeneous,  ti-ansparent,  colom-- 
less  and  granular  substance.    In  most,  the  chai'actenstic  band-hke  nucleus 
and  contractUe  space  were  visible,  together  with,  in  many  specimens,  the  in- 
voluted ciliary  apparatus  and  oral  cavity,  looking,  as  a  whole,  hke  a  nssure 
at  the  anterior  part  of  the  cyst  (XXVII.  7,  9).  In  other  cysts,  again  nought 
could  be  discerned  save  the  nucleus  and  the  contractile  space,  sometimes  di- 
vided (XXVII.  1,  8) ;  and  lastly,  in  others,  all  distinction  of  organs  was  lost, 
the  nucleus  being  the  last  to  disappear  (XXVII.  9). 

Stein  considered,  at  first,  those  peculiar  capsules  to  be  connected  with  the 
T)rocess  of  reproduction,  and,  from  meeting  with  toni  empty  sacs,  supposed 
that  the  nteSor  was  broken  up  into  germs  which  made  their  escape  through 
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the  ■walls.  With  this  interpretation,  however,  he  was  not  satisfied  ;  and  at 
the  same  time  his  attention  was  aroused  to  the  circumstance  of  Vorticellce 
occurring  so  frequently  in  company  with  Actinoplirys  and  Podophrya,  and  to 
that  of  the  increase  in  the  number  of  the  one  as  that  of  the  other  decreased. 
He  therefore  applied  himself  to  watch  the  changes  going  on  in  the  cysts  de- 
scribed, and  at  length  satisfied  himself  of  the  intermediate  changes  in  their 
transition  into  ActinojjJirys  or  Podophrya — two  varieties  of  the  same  animal- 
cule, in  his  oijinion,  and  not  two  genera,  as  usually  represented.  Steiu  was 
brought  to  the  conclusion  that  this  transition  takes  place,  by  comparing  Podo- 
phryoi  at  an  early  stage  of  development  with  metamoi-phosed  Vorticella-cjsis. 
Among  PodophrytB  of  the  common  form,  examples  occurred  having  their  usually 
wide  rounded capside  produced  into  a  hollow  fannel-shaped  pedicle,  and  thrown 
into  annular  folds,  alternating  with  acute,  parallel,  angidar  ridges  (XXIII. 
3).  Most  of  these  individuals  were  imarmed ;  but  some  had  numerous  capi- 
tate tentacles.  On  the  other  hand,  old  Vorticella-cysts  were  found  in  which  the 
enclosed  animal  had  detached  itself  from  the  cyst-wall,  and  become  thrown  iuto 
siuuosities  and  elevations,  the  latter  of  which  pressed  against  the  wall,  threat- 
ening to  rupture  it.  These  and  the  above-described  Podophryce  Steia  supposed 
to  merge  into  one  another.  The  leading  changes  noticed  iu  the  encysted 
Vorticellce  consisted  ia  the  disappearance  of  the  nucleus,  in  the  multiplication 
of  the  contractile  spaces,  and  ia  the  detachment  of  the  contents  from  the 
walls  of  the  cyst  (which  they  no  longer  completely  filled),  and  theii'  disposi- 
tion into  iiTegular  and  changing  lobes.  Thus  far,  m  detecting  such  Vorticella- 
cysts.  Stein  proceeds  by  direct  observation ;  but  his  next  step  is  simply  hypo- 
thesis, viz.  supposing  their  contents  to  shoot  out  tentacula  through  the  dense 
capsule,  and  assume  the  figure  of  Actinophrys  or  of  Podophrya  (XXIII.  1, 2, 
4,  18,  19).  That  the  metamorphosis  should  at  one  time  be  into  the  one  ge- 
neiic  form,  at  another  into  the  other,  he  endeavoiu's  to  explain  by  assuming 
that  where  no  resistance  is  ofiered  on  any  side  to  the  developing  Actino- 
phryan,  it  assumes  the  form  of  an  Actinophrys,  but  where  resistance  occui's 
at  one  point,  it  there  developes  a  stem  and  becomes  a  Podophrya.  To  coun- 
tenance his  hypothesis  further,  he  appeals  to  the  great  similarity  between 
the  Adnetce  met  with  in  company  with  Vorticella  nehulifera  on  duck-weed, 
and  PodophrycB — so  great,  he  says,  that  when  the  former  are  detached,  it  is 
difficult  to  kaow  them  from  Podophryce. 

Granting  that  the  history  of  metamorphosis  is  thus  far  complete  and 
satisfactory,  it  remains  to  show  what  becomes  of  the  Actinophryans  thus 
transformed  from  the  cysts  of  Vorticellce,  and  to  reply  to  the  question  whe- 
ther they  originate  a  generative  act.  At  the  outset  of  this  inquiry  Stein 
finds  himself  at  variance  with  KdUiker  and  others  respecting  the  structui-e 
and  vital  endowments  of  Actinophrys.  The  writers  referred  to  state  Acti- 
nophrys to  receive  food  within  its  interior,  to  excrete  undigested  matters,  and 
to  exhibit  certain  powers  of  locomotion  ;  these  peculijirities  Stein  ignores,  and 
msists  on  identifying  the  Acinetifom  beings  he  has  encountered  with  Actino- 
phrys Sol  and  Poclophryafixa,  w]iich,he  affirms,  give  birth  to  a  ciliated  embryo. 

This  embryo,  he  asserts,  is  produced  within  a  defined  cavity,  so  far  larger 
than  itself  that  it  can  move  mthin  it  (XXIII.  2,  4,  5).  Its  figure  is  pear- 
shaped  with  a  central  constriction,  and  several  folds  occupied  by  cilia;  and 
It  appears  composed  of  a  finely-punctate  sarcodo,  containing,  in  the  axis  of 
its  postenor  and  larger  segment,  an  oval  or  band-like  nucleus,  and  near 
to  this  a  circular  actively-pulsating  space,  and  occasionally,  on  the  other 
suleot  the  nucleus,  a  second  smaUor  one.  No  mouth  could  be  detected, 
ihe  being,  as  a  whole,  very  closely  resembles  a  detached  gemma  of  Vorticellu 
microstoma,  into  which  it  can  be  very  easily  conceived  to  be  changed,  on  fix- 
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ing  itself  by  its  anterior  end  and  tben  developing,  in  its  larger  and  hitherto 
posterior  segment,  a  month  and  cUiary  wreath. 

After  hvely  rotary  movements  within  what  might  be  called  its  utenne 
cavity,  the  embryo  escapes  with  a  sudden  bound,  and  gains  a  free,  active 
existence.  The  passage  by  which  it  has  made  its  way  tlirough  the  substance 
of  the  parent  Actinophrys  continues  for  some  time  open,  but  is  gi-adually 
closed  up  from  behind.  The  size  of  the  embiyo  is  proportioned  to  that 
of  the  parent,  and  varies  between  and  The  diameter  of  the 

emaUest  parent  being  in  which  a  matm-e  germ  presented  itself,  scarcely 

exceeded  .  ,  ,  •    /.  a  •  i.- 

One  other  instance  wiU  sufBce  to  illustrate  Stein's  hypothesis  of  Acmeti- 
form  transformation.    The  one  we  select  is  the  Vaginicola  crystallina,  which 
that  author  attempts  to  show  becomes,  by  a  metamorphosis,  Acineta  Tmjstacma 
(XXVII   10-15).    Out  of  a  large  number  of  specimens  contamed  in  a 
vessel  of  water,  few  could  be  found  at  the  end  of  foui-teen  days,  the  place 
of  the  great  majority  having  been  assumed  by  Acinetina.    This  occurred 
even  when  great  partis  were  taken  to  isolate  a  certain  number  of  Conferva- 
filaments  richly  covered  with  Vacjinicolce,  and  to  place  them  m  pure  spnng- 
water,  so  as  to  avoid  the  introduction  of  other  colonists.    That  the  J^cwieto; 
were  derived  from  the  Vaginicolce,  a  comparison  of  the  stmctui'e  of  the  two 
win  indicate.    The  contracted  body  of  the  Vaginicola  may  be  recogmzed  in 
the  Acineta  detached  from  the  bottom  of  its  sheath  and  raised  to  the  upper 
nart  which  it  completely  Ms,— the  mouth  of  the  sheath  havmg  previously 
been  bent  inwards  over  it  as  a  cover,  and  a  layer  of  gelatinous  matter  poured 
out  to  bind  the  two  together.    The  outermost  parts  of  the  roof-hke  cover 
proiectfi-eely  above  tHs  layer,  and  are  traversed  by  several  radiatmg  folds  or 
fissures   The  clearest  notion  of  the  transfonnation  effected  is  obtamed  when 
we  can' look  doxvn  upon  the  top  surface  of  the  capsule,  by  getting  the  axis 

^'St'^tltd  bodfS  closed  in  on  aU  sides ;  and  its  co^^ts  are  substea- 
tiallY  the  same  as  those  of  the  body  of  the  Vagmicola  (XXVII.  12)  with 
numberless  fine  gTanules,  and  sometimes  with  a  preponderatmg  number  of 
grammes  scattered  through  them,  rendering  the  body  opaque  and  of  a 
greyish-yenow  colour.  There  is  likewise  a  similar  romid  contractde  space ; 
S^stlad  of  a  band-Hke  nucleus,  there  is  a  bounded  one.  differenc^ 
■m  respect  of  the  nucleus  is  not  important,  inasmuch  as  its  length  vanes 
Seatly  in  Vccginicola  according  as  the  animal  is  extended  or  in  a  contoc  ed 
ftate  —being  in  the  latter  much  shortened  or  merely  elongated-oval,  whilst 
in  he  former  its  length  exceeds  two  or  three  times  its  ^vidth  Hence  it  is  in 
no  way  remarkable  that,  in  the  very  contracted  condition  of  the  encpted^^^^ 
Icinetiform  state,  the  nucleus  should  be  veiy  much  shortened  and  rounded  - 
a  change  wHch  analogy,  indeed,  with  various  encysted  animals  would  lead 

^"F^m  Stpper  surface  of  the  encysted  body  very  many  bi-istie-hke 
tentacles  with  iobbed  ends  are  given  off,  which  penetrate  he  gelafanous 
lavS  through  the  fissures  in  the  cover  of  the  sheath,  and  outspread  them- 
sXes  ra  radiating  manner.  These  tentacles  are  for  the  most  part  straight, 
aS  slowly  extend  Ind  retract  themselves  in  length.  Pressure  caiise«  tlieir 
contraction,  and  huddles  them  together ;  but  they  ai-e  not  entirely  ^nthdrawn 
Some  smoo  hAcinetiform  specimens  are  met  with,  which  may  be  considered 
to  be  fn  an  earlier  stage,  aid  similar  to  the  incomplete  Acmta  oi  E^^styhs 

Tbforic^in  of  the  Acineta,  from  Vaginicola  is  fm-ther  substantiated  by  the 
relative  tensions  of  the  two.    Thus  Vagi^ucol.  were  foimd  on  Conferra 
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having  sheaths  betwixt  and  in  length ;  those  most  common  were 
from  to  J^'"  in  length  and  in  width.  The  height  of  the  cap- 
sule of  the  Acmeta  was  from  J^'"  T2'"'  ^^^^  v/idth  not  much  less. 
Moreover,  intermediate  phases  between  ' Fa^rmrco^a  and  Acinetina  were  met 
with, — as,  for  instance,  capsules  occupied  anteriorly  by  the  contracted  body, 
which  still  exhibited,  upon  being  moved  up  from  the  bottom  of  the_  case, 
the  posterior  annular  fiuTOW  and  traces  of  the  ciliaiy  weath  previously 
existing,  and  had  its  anterior  half  enveloped  in  a  gelatinous  lamina,  uniting 
it  to  the  inner  surface  of  the  sheath,  which  was  at  one  time  more,  at  another 
less,  incm-ved  upon  the  animal,  but  had  as  yet  not  been  converted  into  the 
peculiar  pent-house-like  cover. 

The  metamorphosis,  therefore,  of  a  Vaginicola  into  an  Adneta  may  be 
thus  explained.  The  am'macule  is  in  the  first  place  contracted  in  the  ordi- 
nary manner ;  it  then  developes  its  posterior  fiuTOw  and  ciliary  wi-eath 
(XXVII.  11),  and,  detaching  itself  from  the  bottom  of  its  sheath,  rises  to  the 
upper  part,  which  it  entirely  fills  and  closes  up.  From  this  time  the  rotary 
apparatus  and  digestive  tube  disappear  by  absorption ;  the  excretion  of  the 
gelatinous  matter  from  the  fore  part  ensues,  and  fixes  the  animal  in  its  posi- 
tion, while  its  tendency  to  fall  to  the  bottom  of  the  case,  and  to  contact, 
draws  inwards  the  motith  of  the  case,  and  completes  its  enclosui'e  within  a 
shut  sac  or  capsule  (XXVII.  12).  The  contractile  tendency  of  the  body 
still  continuing  to  operate,  brings  about  a  narrowing  of  the  anterior  part, 
and  with  this  a  consequent  elongation  of  the  sheath ;  in  this  way  an  ex- 
planation may  be  given  of  the  very  long  specimens  frequently  encountered. 
The  extrusion  of  the  tentacles  is  an  after-occitrrence  (XXVII.  13). 

The  complete  Adneta  can  entangle  small  Infusoria  with  its  tentacula, 
which,  by  their  crossing  and  retraction,  draw  the  captured  particles  to  the 
surface,  where  probably  their  nutritive  matters  are  absorbed  through  it; 
at  all  events,  no  food  or  foreign  particles  ai'e  seen  in  the  interior. 

Stein  next  attempts  the  identification  of  this  Adneta  of  Vaginicola  crystal- 
Una  with  the  Adneta  mystadna  of  Ehrenberg,  and  in  a  subsequent  paper 
proceeds  to  show  that  it  developes  within  itself  a  ciliated  embryo.  Amid 
many  Acinetce,  he  discovered  some  bearing  a  clear  oval  or  rounded  cyst,  or, 
less  commonly,  several  such,  upon  the  surface  of  the  enclosing  lid ;  where  there 
was  a  pluraKty,  they  were  evidently  in  different  stages  of  development.  The 
cyst  contained  a  sharply-defined  Infusorial  being,  of  a  homogeneous  finely- 
gramilar  substance,  and  having  an  actively-pulsating  sac.  At  fii'st  Stein 
imagined  these  might  be  animalcules  casually  affixed  to  the  Acinetce ;  but  fur- 
ther obsei-vation  proved  their  oi'ganic  connexion  with,  and  derivation  fi-om  it. 

The  cyst- walls  were  internally  soft  and  gelatinous,  and  their  substance 
contimious,  through  the  fissures  of  the  cover,  with  the  gelatinous  layer  of  the 
Adneta,  of  which  they  might  be  more  correctly  represented  pouches  or 
diverticula.  The  appended  animalcule  is  not  a  bud  produced  fi-om  the 
Acineta-hodj ;  for  it  is  never  foimd  in  organic  connexion  with  it,  but  im- 
doubtedly  has  its  origin  as  a  germ  within  it,  and  makes  its  way  outwai-ds. 
In  fact,  it  IS  developed  from  the  rounded  nucleus  by  its  elongation  and  sub- 
sequent transverse  fission.  The  yoimgest  cysts  are  round  or  shortly  oval, 
and  have  no  other  indication  of  life  and  movement  than  that  exhibited  by  the 
contractile  space.  _  In  the  next  stage  they  arc  sUghtly  cmarginate  at  one 
end  and  stiU  motionless,  whHst  in  the  oldest  the  fissure  or  emargination 
extends  deeply  into  the  interior  in  aciuTed  manner,  and  very  clcariy  exliibits 
a  number  of  vibratile  cUia.  In  this  mature  state  they  enjoy  considerable 
locomotive  powers  within  theii-  capsule,  and  recall  in  their  form  that  of  con- 
tracted Vorticelhna.  Thus,  at  their  fore  part  they  present  a  rounded  ciliated 
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lobe,  resembling  somewhat  a  retracted  rotary  organ,  whilst  the  fissure  ex- 
tending inwards  indicates  the  alimentary  tube. 

There  is  yet  another  apparent  mode  of  embryonic  development  in  the 
Acinetce  of  Vorticellina  described  by  Stein,  which  occurred  in  some  specimens 
not  provided  with  tentacles.  In  place  of  these,  one  or  two  short  closed 
tubular  processes  extended  from  the  fore  part  of  the  animalcule;  of  the  usual 
granular  contents  scarcely  a  trace  remained ;  and  the  nucleus  and  contractile 
space  had  entirely  vanished.  The  membrane  of  the  enclosed  body,  thus 
depi-ived  of  its  ordinary  constituents,  contained,  in  their  room,  six  elongated- 
oval  cell-like  bodies,  long,  which  seemed  to  have  been  developed  at 
the  cost  of  the  contents  of  the  original  Acineta.  These  structures  had_  a 
sharp  outline,  and  contained  a  coarse  granular  substance  and_  a  contractile 
sac.  They  seem  to  develope  into  embryos ;  for  in  one  case  a  ciliated  furrow 
was  observed,  assimilating  the  being  to  the  more  usual  embiyos  of  the 
Acinetce.  Probably  the  ^cmeia- condition  of  the  Vaginicola  is  terminated 
in  this  manner,  after  developing  for  a  period  embryos  according  to  the  plan 
above  mentioned,  by  the  final  breaking  up  of  the  nucleus  into  several  large 

^^^S^addition  to  the  species  described,  Stein  behoved  he  made  out  the 
Acineta-state  of  several  other  species  of  Vorticella,  otEpistyhs  aniOpercu- 
laria  (XXX.  1-4),  as  wcU  as  of  Zoothamnium,  Ophrydium  (XXX.  5-8),  and 
Spirochona  (XXX.  18-26).  However,  sufficient  details  have  been  given  to 
illustrate  the  presumed  fact  in  the  developmental  Hstory  of  the  Cihated  Pro- 
tozoa ;  and  we  must  refer  those  of  om-  readers  desii-ous  of  more  folly  testing 
the  views  of  that  most  exceUent  observer,  to  his  often-cited  work  '  Die 
Infusionsthiere  auf  ihre  EntwickehingsgescHcte,'  Leipzig,  1854.  More- 
over, the  several  new  forms  of  Acinetina  he  has  pomted  out  will  be  found 
referred  to  in  the  general  history  as  weU  as  in  the  systematic  views  ot  that 

^"^lUs  now  incumbent  on  us  to  review  the  opinions  of  other  naturalists  upon 
tHs  remarkable  and  interesting  hypothesis.    A  few  have  accepted  it  among 
whom  are  Mr.  Busk  (as  we  gathered  from  his  lectui-es  at  the  CoUege  ot 
Sui-o-eons  in  1857)  and  Mi-.  Carter.    The  latter  has  the  following  remarks 
on  the  subject  (i.  K  H.  1856,  xviii.  p.  237) I  could  not  discover  an 
elongated  nucleus,  as  Stein  has  figured,  in  the  ^m^K6«;  and  ^crnei<^  which  I 
saw  developing  young  Vorticellce,  the  former  in  pliu'ality  (one  to  thi-ee)  and 
the  latter  singly :  if  preseht  in  the  Amoebous  form,  it  was  circulai',  and  il  m 
the  ^cmeto,  imdistinguishable  fi'om  the  general  'granulation,     ^ga^'  ^« 
cxoes  on  to  say,  "  where  are  these  transformations  to  end  ?    Into  what  kind 
of  Ehizopods  do  the  sheathed  VorticellcB  pass?    How  m!Uiy  of  the  iresh- 
water  Bhizopoda  are  alternating  forms  of  rortwdlce  r    At  the  time  of  his 
writing  the  above,  Mr.  Carter  had  not  seen  Stein's  latest  work,  ^^^h 
have  resolved  some  of  the  doubts  and .  queries  expressed.    Thus,  the  German 
natiiraUst  finds  the  nucleus,  if  elongated  and  band-like  in  ^'^^^'^^l^lfj^^^; 
to  become  orbicular  or  oval  when  in  an  ^an.te-state,  and  P<>"its  out  that  acetic 
acid  will  reveal  this  organ  when  obscui-ed  by  the  granules  of  the  intenor. 
MoreX,  his  later  researches  have  been  extended  to  sheathed  ror  uelh^u. 
or  OphrvdAna^iox  instance,  to  Vaginicola,  of  which  we  have  given  the  pai- 
ti'cSars    However,  it  is  v'ery  important  to  obtain  Mr.  Car  er's  s  atement 
that  he  has  seen  yomg  VorticelU  developed  from  Ac^netai  and  Amc,ha^-m- 
ending  by  the  latter,  le  apprehend,  Aclncta^  without  tentacles  and  capsule, 
'.Tifl  not  the  simple  Amceho}  commonly  understood  by  that  term. 

The  obtctZto  the  hypothesis  are  by  far  the  more  numerous.    The  emi- 
nent ^hydoS^^  MuUer,towhom  Stein  showed  ^c.no,,/.,-:/.  and 
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Podophrya  developing  embiyos,  could  not  agree  with  the  conclusion  the  latter 
arrived  at  (viz.  that  they  became  Vorticellcje),  but  Avas  more  disposed  to  believe 
that  they  relapsed  into  Acinetce.  Ehrcnberg  ( Ueber  die  Formhest'dndiglceit 
iind  den  Entwiclcehmgshreis  der  organischen  Formeii,  Berlin,  1852,  at  pp.  23, 
24,  and  34)  attributes  the  theory  to  erroneous  and  hasty  observation.  The 
supposed  embiyo  of  Acineta  is,  to  his  apprehension,  simply  a  Triclwdina 
which  has  been  swallowed.  To  these  strictm-es  Stein  replies  that  the  Acineta- 
bodies  have  no  mouth,  that  they  never  contain  any  foreign  matters  taken  as 
food,  and  that  no  more  than  one  Trichodina  appears  in  them  at  a  time,  al- 
though many  may  live  around  them,  and  several  would,  no  doubt,  if  taken 
as  food,  be  often  found  together  in  the  interior.  It  is,  moreover,  to  be  noted, 
that  Acineta  collected  fi-om  the  most  different  localities  contained  the  self- 
same Trichodina-form,  and  that  such  forms  occurred  in  sparing  number. 
Again,  it  must  not  be  forgotten  that  the  embiyo  may  be  watched  in  active 
movement  within  the  Acineta  for  the  space  of  an  hour,  whereas  Infusoria  swal- 
lowed by  other  animalcules  are  speedily  reduced  to  a  state  of  rest  and  de- 
stroyed. Lachmann  rejects  the  hypothesis,  and  gives,  in  much  detail,  his 
reasons  for  so  doing.  At  the  same  time  he  confirms  the  fact  of  "  the  forma- 
tion of  embryos,  not  only  in  many  Acinetina,  but  also  in  numerous  other  In- 
fusoria "  (A.  N.  H.  1857,  xix.  p.  232),  and  attests  the  fact  of  the  nucleus 
being  primarily  concerned  in  this  act  of  development,  adding  some  particulars 
which  require  to  be  recorded.  "  The  nucleus,"  he  writes  (Zoc.  cit.),  "  is 
usually  seen,  first  of  aU,  to  divide  into  two  or  more  parts,  when  the  same 
processes  take  place  in  one  or  several  of  these  parts,  which  in  other  cases 
occur  in  the  undivided  nucleus.  Upon  or  in  the  wall  of  the  nucleus,  or  of 
one  of  its  products  of  division,  we  now  sometimes  perceive  smaU  round  glo- 
bules, which  increase  in  size,  finally  acquii-e  a  contractile  vesicle,  and  become 
converted  into  embiyos ;  these  at  last  become  fiu'nished  with  cilia,  escape  out 
of  the  parent  animal,  and  swim  about  freely,  generaUj  in  a  form  more  or  less 
diffeiing  from  that  of  the  mother.  Very  difierent  numbers  of  embiyos  may 
be  formed  in  one  section  of  the  nucleus ;  in  the  same  species  we  sometimes 
find  many,  and  sometimes  only  one  embryo  formed  in  it ;  and  an  embiyo 
which  has  been  developed  alone  in  a  fi'agment  of  the  nucleus  is  usually  as 
large  as  aU  the  embiyos  formed  in  a  similar  fragment  which  has  developed 
many  of  them  taken  together. 

"  The  true  import  of  the  nucleus,  of  course,  is  not  decided  by  this  state- 
ment ;  [we  cannot  say]  whether  it  is  to  be  regarded  as  a  genn-stock,  in 
which  germs  are  formed  asexuaUy,  as  an  ovaiy,  in  which  the  ova  are  de- 
veloped at  the  same  time,  or,  in  accordance  with  Pocke's  views,  as  a  uteinis, 
in  which  the  ova  or  germs  formed  in  another  place  (perhaps  in  the  nucle- 
olus ?)  are  further  developed. 

"  The  fate  of  the  embiyos  which  are  unlike  their  parents  after  their  birth 
is  still  unlinown  in  most  cases." 

Perty  displays  distinct  opposition  to  Stein's  views,  but  has  not  thoroughly 
exammed  them,  contenting  himself  with  an  occasional  critique  in  passing 
For  instance,  he  states  that  those  miniature  beings  regarded  as  the  brood  of 
Vorticella,  both  by  fetein  and  Ehrcnberg  (see  p.  357),  arc  in  hLs  opinion  no  more 
than  specimens  of  Cercomonas  tnmcata  (Duj.).  Again,  he  remarks,  EpisfyUs 
anastatzca  is  very  rare  at  Berne ;  and  the  Trichodina  qrandinella,  which  Stein 
represents  to  be  its  embryo,  is  vciy  common  in  every  collection  of  water  ; 
also  Vorticdla  mmystoma  is  most  abundantly  distributed,  but  its  supposed 
metaraorphic  condition,  viz.  Podophrya,  very  uncommon.  Respecting  the 
latter  animalcule,  and  hkewise  Actinophrys,  he  adds  an  observation  of  his 
own,  which  convmcod  him  of  the  reproduction  of  these  animals  by  minute 
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internal  germs,  wliich,  when  set  free,  immediately  assumed  the  special 
characters  of  theii'  parents  (Klemste  Lehenfonn.  p.  74). 

To  Dr   H   Cienkowsky  we  owe  the  latest  examination  ot  thLS  subject 
(J  M  S  1857  p  96)-    He  rejects  Stein's  theory  because,  instead  of  finding 
Podophrya  fixa  in  company  mth  Vortioella  microstoma,  he  met  AVith  it  m 
areat  abundance  along  with  multitudes  oi  Stylonychia  mytdus  and  St.  pustu- 
lata     Having  watched  its  process  of  encysting,  he  felt  "unable  to_  adopt 
Stein's  view,  that  the  Podonhryce  are  enclosed  in  a  membrane  ot  which  the 
slender  peduncle  is  simply  a  tubular  process."    In  fact,  he  noticed  cysis  m 
which  the  original  slender  peduncle  was  appended  to  the  saccijate  envelope. 
He  also  traced,  step  by  step,  from  Podophryce,  the  denvation  of  the  supposed 
transitional  stages  between  Vorticella-cjsts  and  Poclophryce,  and  asserts 
"that  they  are  most  certainly  no*  metamorphosed  Fori*ceZ^a-cysts  but  the 
eommenceient  of  the  encysting  of  Podophryce    ^'^'^''i^^^^V^, '^^e  not  " 
out  of  them;  but,  on  the  contrary,  from  the  latter  arise  the  foims  above 
described  which  Stein  looks  upon  as  Podophryce  remaining  at  an  early  stage 
of  detLpm^^^     The  metamorphosed  contents  of  older  ^o^^U  fyy^ 
garded  by  Stein  as  the  fii'st  commencement  of  the  formation  of  a  Po^lo- 
Itya,  indicate,  according  to  what  I  have  seen  m  other  infusonal  cyste 
and  to  what  Stein  Hmself  states  with  regard  to  rortweVa  microstoma,  the 
commenrment  of  the  breaking  up  of  the  entii'e  contents  mto  numerous 

^"S!  cLXIsTO^  proceeding  was  to  show  the  relations  of  l^e  motHe 
embryo  developed  from  the  ^odoj^^jean  an^Me  8^^^^ 
encoimtered  numerous  Achietce  precisely  hke  those  figm-ed  by  Stem.  Most 
TSe  Acineta^  were  without  peduncles,  and  had  no  limitary  membrane 
althouS  numerous  specimens  might  be  seen  with  a  short  peduncle  and 
^b  dded  in  a  mucoid  tHck  envelope  ;  and  this  was  ^^^^^^^f^^^^^^-^^^'; 
the  Acmetcs  had  lived  for  about  a  week  on  the  object-glass  (XXLii.  i5^/y> 
AlthoS  mmiei^I^^  points  of  relation  exist  between  these  Acineta-tovms 
Although  J       nevertheless  unable  to  determine  whether 

?W^hSri^gS-ffi  -itl^  Stein,  whether  PodopJrrya  and 

llX  '^oid  be  considered  as  the  -treme  links  in  t^^  ^^:^^^^^^ 
rvcle  of  one  and  the  same  species  (Stein,  he.  cit.  p.  14d).    ine  peauncie  oi 
an  1  Lris  a  tubular  eloigation  of  tt^--^P-f„-;t;n"H 
the  membraneless  Podophrya  it  is       "^^H^-^n^JJ^^  ^^/^^^^^^^ 
Vndnnhrme  are  left  in  water  for  a  few  days  upon  the  object-giass,  tney  lorm 
^e  TeJ^chlc  eristic  pedunculate  cysts ;  but  under  the  same  condations  I  . 
have  never  been  able  to  follow  the  .Icm.fa-forms  ^^l^^^"^'^^^ jcl^^^ 
formation  of  cysts;  the  former  multiply  by  division,  ^  ^^^^^^^^^ 

I  have  never  noticed  the  occuiTence  of  that  process.   ^  hat 
L  Ic'iX/s  is  reaUy  a  non-pedimculate  Adneta  ;  the  ^'f^^-^^f^^^ 
To  tSe7but  set.,kugh  PeA^ps  occasionany  some  o^^^^^^^^ 

•+„f«     Tti  nlmost  everv  specimen  of  the  Acmetce  in  question  mioUi- 

freed  about  half  of  itsclt.    iiiis  ^'^P^^^^y/'^J^''..^    ,       About  five  minutes 

<<^V«''<^fT'^'^Z^°^rm  manyocciSion,  I  saw  two  i-otating  embryo 
MW^d  LrSoi    men  theW  is  haU  out  of  the  pavent-cyst. 


OF  THE  PROTOZOA. — CILIATA.  367 

a  transverse  ring  of  very  fine  vibratile  cilia  may  be  perceived  at  a  aliort 
distance  from  its  summit." 

This  rapidly-moving  embryo  Avas  followed  in  its  course,  under  the  mi- 
croscope, and  was  seen  to  traverse  "  the  di-op  of  water  from  one  side  to  the 
other,  in  divers  straight  and  undulating  lines,  as  quick  as  lightning.  _  Upon 
meeting  a  mass  of  mucus  on  the  edge  of  the  drop,  it  bounced  back  again,  re- 
peating the  mancBuvre  on  each  occasion  of  the  same  kind ;  sometimes,  though 
more  rarely,  the  movement  was  circular,  around  the  margin  of  the  drop. 

"  Judging  from  what  T  had  noticed  in  the  division  of  the  Podophryce,  I 
expected  that  the  movement  would  not  be  of  long  diu-ation.  But  after  a 
continuous  observation,  for  fully  five  hom-s,  of  the  active  motions  of  the  tiny 
brilliant  point,  a  determination  of  blood  to  the  head  obliged  me  to  desist. 

"  A  fresh  drop  of  the  infusion,  in  which  two  embryos  were  in  active  mo- 
tion, was  observed  at  intervals  of  a  quarter  of  an  hour.  At  the  end  of  five 
hoxu's,  the  rapidity  of  the  movement  was  notably  diminished — it  became  tre- 
mulous, and  then,  perhaps,  for  a  time,  as  rapid  and  energetic  as  before.  I 
now  placed  the  object  under  the  compound  microscope,  and  continued  my 
observation  of  the  indefatigable  embryo  for  another  quarter  of  an  hour  ;  the 
embryo  became  stationary.  I  waited  with  drawn  breath  what  would  come 
next :  its  form  from  oval  became  spherical ;  at  the  border  appeared  short, 
thick,  equidistant  rays,  which,  after  a  while,  were  developed  into  elongated, 
capitate  tentacles  ;  the  contractile  space  was  visible  ;  and  I  could  no  longer 
doubt  as  to  the  ^cmeta-nature  of  the  creature  (XXIII.  42,  43).  This  obser- 
vation was  twice  repeated. 

"  It  can,  therefore,  no  longer  be  doubted  that  fi'om  the  Acineta-emhrjo, 
after  a  prolonged  motile  stage,  another  Acineta  is  formed.  My  observations 
do  not,  of  course,  show  that  it  is  impossible  that  the  motile  Acineta-embrjo 
should  be  transformed  into  a  Vorticella,  and  a  Vorticella-cjst  mto  an  Acineta ; 
but  the  field  of  possibilities  is  very  wide  ;  everything  is  possible  if  it  only  be 
founded  on  facts.  I  believe,  therefore,  that  it  may  justly  be  concluded  that 
Stein's  Acineta  doctrine,  as  concerns  Vorticella  microstoma  (Ehr.),  must  be 
regarded  as  hypothetical,  and  not  based  upon  facts." 

Lachmann  and  Claparede  have  jointly  examined  into  the  facts  and  appear- 
ances upon  which  Stein's  hypothesis  is  based,  and  have  presented  an  abstract 
of  their  views,  which  axe  entirely  adverse  to  it,  in  the  Amiales  des  Sciences 
Naturelles,  1858,  in  anticipation  of  the  ptiblication  of  their  essay,  to  wliich 
the  French  Academy  awarded  the  first  prize  for  original  researches  into 
the  development  of  Infusoria.  They  state  that  they  have  witnessed  the 
development  of  embryos  in  many  other  Acinetina  besides  those  recognized 
by  Stein;  that  the  embryos  of  different  species  vaiy ;  that  the  tentacles 
of  Acinetina  are  suctorial  and  active  in  seizing  food,  wliich  is  absorbed 
with  avidity_ into  the  interior;  and  that  the  internal  organization  of  those 
animalcules  is  in  all  probability  more  elaborate  than  Stein  supposed. 

The  appearance  of  the  joint  essay  on  the  development  of  the  Infusoria,  by 
the  gentiemen  mentioned,  as  well  as  of  that  by  Lieberkiihn,  wliich  shared  in 
the  prize  offered,  will  be  anticipated  -with  much  eagerness  and  pleasiu-e  by 
all  natiiraUsts  who  feel  how  obscure  and  confused  is  the  present  state  of  in- 
formation on  the  subject. 

P?".^^'^",*  say  that  Stein's  hypothesis  of  the  transform- 

ation of  Cihatcd  Protozoa  (or,  more  strictly,  of  the  Vorticellina  and  Ophrif- 
dina,  to  which  alone  it  has  been  sought  to  refer  it  by  observation)  remains 
unproven  ;  yet  doubtiess  it  is  a  step  in  the  right  direction  to  arrive  at  a  know- 
ledge ot  the  true  generative  process  of  these  aniraalciUes,  and  lias  akeady  proved 
the  development  of  cihated  embiyos  in  Acinetina  and  in  various  CiUata. 


3G8  GENEKAL  HISTOIIY  OF  THE  IKFUSORIA. 

The  history  of  the  metamorphoses  of  Trklioda  Lynceus  x^co^mi^  by  M. 
Jxdes  Ha?me  (2..  d.  8.  N.  3  ^cr.  xix.  p.  109)  caUs  for  notice  m  thos  place, 
a  toXwe  are  not  disposed  to  assign  it  much  value,  inasmuch  as  «ome 
S  the  phenomena  stated  are  veiy  extraordinary,  are  unsupported  by  any 
l  allel  facte^  and  are  in  actual  opposition  to  those  best  ascertamed  respect- 
C  the  organization  and  functions  of  the  Ciliata.  We  would  e^eciaUy  direc 
Stention  to  the  statement  of  the  exudation  of  sarcode,  and  the  cousequent 
Suction  of  size,  as  a  necessary  step  in  the  developmental  phases,_an  occur- 
rence in  our  belief,  without  analogy  and  quite  anomalous. 
"He  Sst  asserts  that  "  O^ytricM  (Ehi-.)  is  a  larval  V^-^^^' 
ceus  and  next  that,  on  its  fissiparous  division,  generaUy  one  of  the  two  seg- 
2ts  produced  assumes  a  globular  form,  losing  almost  all  its  appendages 
S  ciHa  and  seta.,  and,  at  the  same  time,  gives  exit  to  ^J^^- P°^^t^«^ 
of  its  sarcode  so  that  vacuoles  multiply  in  its  mtenor.    At  this  stage  a  ge- 
fat^ioS  c^^  is  excrete    around  it  which  ultimately  hardens  into  a  mem- 
btSous  envelope.    In  a  short  time  the  contents  of  the  cyst  shimk  from  the 
Pv^^wXInd  leave  a  space  around  them,  when  cihaiy  movement  appears 
Ttr^arandTfru-tier  escape  of  gWar  -rcode  having  taken  place 

i^l^t:^^^^.-^^  not^t  fii-stveiy  different  in  appearance 

ere  iouq     ^       i  ^nhstnuce  then  produces  numerous  short  still  setoe 

p-xnides  some  more  ot  its  suostanot-,  tui^u.  jj^^^^.  c-k^oI/I  nv 

a  ™ch  smaller  sue  '^^^^  It^rbeerM- 
ttd  f  rt'ml^-b^-ifctS  «  a  se.^  Voes.  is  interposed,  pro- 
baW,  in  connerion  with  other  ^^^^^f"^^^^,^^,^  the  Ciliata,  it 

WrSerX«..Sr(esp^^^^ 

and  I  have  twice  met  with  double  animals  of  Carchesmm,  s^  JJ^^^ 
Tdouble  stalk  and  constantly  becoming  --^/^^^f  ^^^Ir^S^^  w^ 
cavities  of  both  the  fused  annuals  ^^'^^^^a "^^^^^^^  of 

passed  from  the  pharynx  of  one  animaL  ^l^y^^^^'^^^he  rotatory  organs 
?he  othei-,  up  to        l7Xn*X^^^^^^^^  the  double  animal  cast 

remained  separate  ;  and  after  the  ^'^P^^/'^  \^^^  twent^'-foiu-  houi-s 

itself  loose  fr^^^^^^^^  -Ided  hinder 

StSr^o^Xthe  coaiescence  of  Aie  two  posterior  extremities  of  the 

individual  animals."  p        ^a.    Their  Existence  as  Independent 

Nature  of  the  Ciliated  J^^o^"^"^"  rr...       i^einffs  we  have  com- 

Organisms.   Cell  Theory  applied  to  them.— lhat  the  bem^ 
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prehended  under  the  appellatiou  Ciliated  Protozoa  are  indubitably  animals, 
has  never  been  called  in  question  ;  nevertheless  their  claim  to  be  considered 
independent  organisms  has  been  challenged  by  a  few  natiu-alists,  who  insist 
on  their  being  generally  nothing  more  than  phases  of  development  of  animals 
more  or  less  elevated  ia  the  scale.  These  objectors  have,  however,  hitherto  failed 
to  produce  sufficiently  direct  and  exact  obsei-vations  in  proof  of  this  general 
assei-tion,  which  rests  mainly  upon  presumed  external  resemblances,  and  on 
analogy  with  many  of  the  inferior  animals,  among  which  the  so-called 
"  alternation  of  generations  "  is  the  rule.  In  the  foregoing  pages  there  is 
certainly  sufficient  evidence  that  some  Infusorial  forms  are  merely  stages  of 
development  of  others ;  and  nothing  is  more  probable  than  that  some  may 
similarly  be  phases  of  animals  belonging  to  other  classes  than  the  CiHata ; 
yet,  on  the  other  hand,  the  independent  character  of  several  families  (for 
example,  of  Vorticellina,  Ojohrydina,  and  Colepina)  has  not  been  at  all  shaken 
by  the  researches  of  natui-alists. 

There  is,  we  believe,  a  true  typical  organization  appertaining  to  the  Ciliata, 
of  a  distinct  character  from  that  of  other  animal  organisms,  and  inconverti- 
ble. It  may  be  more  or  less  perfected,  or  more  or  less  degraded,  and  may, 
in  the  process  of  development,  be  put  in  abeyance  for  a  time,  though  not 
replaced  by  another ;  and  under  this  impression,  Steia's  views  of  Acineti- 
form  metamorphosis  have,  to  our  mind,  an  air  of  improbability. 

The  very  distinguished  naturalist  M.  Agassiz  stands  among  the  foremost 
in  advancing  the  sweeping  conclusion,  that  the  Ciliated  Protozoa  have  no 
existence  as  a  class.  Most  of  the  Enterodela  of  Ehrenberg,  he  says  (A.  N.  H. 
1850,  vi.  p.  156),  "  far  from  being  perfect  animals,  are  only  germs  in  an 
early  stage  of  development.  The  family  of  Vorticdlce  exhibits  so  close  a 
relation  with  the  Bryozoa,  and  especially  with  the  genus  Pedicellina,  that  I 
have  no  doubt  that  wherever  Bryozoa  should  be  placed,  Vorticella  should 
foUow,  and  be  ranked  in  the  same  division  with  them.  The  last  group  of  In- 
fusoria— Bursaria,  Paramecium,  and  the  like — are,  as  I  have  satisfied  myself 
by  direct  investigation,  germs  of  fresh-water  worms,  some  of  which  I  have 
seen  hatched  from  eggs  of  Planaria  laid  imder  my  eyes."  In  these  statements 
Mr.  Girard  {Proceedings  of  American  Association,  1848,  p.  402)  coincides, 
and  adds  that  Golpoda  Cucidlulus  is  one  of  the  embryonic  stages  of  fresh- water 
Planaria. 

To  these  statements  it  may  veiy  fairly  be  objected,  that  the  embryonic 
animalcules  presumed  to  be  identical  with  certain  Ciliata  may  possess  merely 
a  deceptive  outward  resemblance,  and,  again,  that  in  the  case  of  the  assigned 
affinity  of  the  Vorticellina,  an  exact  comparative  examination  of  the  organi- 
zation of  this  family  with  that  of  Bryozoa  will  show  that  there  is  no  true 
homology,  but  simply  some  general  points  of  similarity,  between  them. 

When  Schleiden  and  others  unfolded  the  ceU-theory  as  a  general  fact  in 
orgamc  beings,  attempts  were  at  once  made  to  apply  it  to  the  simplest  animal 
structures,  among  which  the  CiKated  Protozoa  are  numbered.  The  Protozoa 
were  called  imiceUular  animals ;  a  ccU-wall,  more  or  less  modified,  was 
everywhere  discovered  or  supposed;  and  the  more  soUd  body,  the  testis  of 
Ehrenberg,  was  at  once  assumed  as  the  "nucleus."  This  name  we  have  for 
convenience'  sake  retained,  although  its  special  relation  Avith  ceU-structure 
and  the  ceU-theory  cannot,  in  our  opinion,  be  sustained. 
•  ^^nvi^^iH-"""!^'  '"-^^  appHcation  to  Protozoa,  found  a  very  able  advocate 
m  Kolliker  (J-.  M.  S.  1853,  i.),  and  was  uphold  by  many  others  ;  its  simpli- 
city, and  the  generabzation  as  to  structure  and  function  it  suggested,  recom- 
mending it  to  philosophic  minds.  Latterly,  however,  a  more  exact  apprecia- 
tion ot  the  true  organization  and  functional  history  of  animalcules  has  caused 
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the  abandonment  of  the  hypothesis,  the  greatest  names  in  microscopie  science 
having  pronounced  against  it. 

To  sum  up  the  leading  circum  stances  opposed  to  the  theory  in  question. 
The  processes  of  the  surface,  both  in  variety  of  character  and  of  movements, 
are  not  paralleled  in  any  Imown  simple  cell ;  the  same  may  be  said  of  the 
pedicles  and  branched  stems  of  Vorticellina,  and  of  the  sheaths  of  Ophrydina : 
the  presence  of  a  mouth,  and,  according  to  the  descriptions  of  many  excellent 
observers,  of  a  discharging  apertui-e  or  anus,  and  the  involution  of  the  external 
surface  in  the  form  of  an  alimentary  tube,  are  facts  irreconcileable  with  the 
idea  of  a  cell.    So,  likewise,  the  beautiful  and  complicated  ciliary  apparatus 
of  the  Vorticellina  and  Ojpliryclina—the  existence  of  ceEs,  or  at  least  of 
vesicles,  in  the  interior— the  reception  of  external  matters  into  the  general 
cavity,  where  they  are  either  entii-ely  digested  or  partially  or  whoUy  extruded 
again— and,  lastly,  the  activity,  persistence,  and  apparently  volmtary  cha- 
racter of  their  movements,  are  circumstances  without  parallel  m  the  economy 
of  simple  cells.    In  the  face  of  all  these  discrepancies  in  stracture  and  func- 
tion between  the  bodies  of  Ciliated  Protozoa  and  simple  ceUs— closed  sacs, 
containing  a  nucleus  amid  theii-  protoplasmic  substance— it  appears  to  us  it 
would  be  a  mere  visionary  notion  to  insist  upon  a  homology  betwixt  the  two. 
To  conceive  such  a  tHng,  the  accepted  idea  of  a  ceU  must  be  set  aside,  and 
replaced  by  so  loose  and  general  a  definition  as  would  be  worthless.  _ 

Without  quoting  their  remarks,  which  is  uncaQed  for  here,  the  toUowing 
observers  may,  among  others,  be  cited  in  opposition  to  the  hypothesis  ot  the 
unicellular  nature  of  the  CiHata :  viz.  Leuckart,  Lachmann,  Claparede,  Perty, 
and  Schneider.    Our  countryman,  Mr.  Busk,  is,  as  we  gathered  from  his  iec- 

tiu-es,  to  be  reckoned  in  the  number.  • .     -t.  v„-K;fo+« 

Co:^iTiONS  OF  Life.— Under  this  head  we  have  to  consider  the  habitats 
of  the  Cihata,  the  usual  conditions  under  which  they  live  their  successive 
appearance  in  Uquids,  the  influence  of  heat  and  cold,  and  of  chemical  agents 
upon  them,  and  their  probable  duration  of  life.      _  .  „    ^  . 

The  maiority  of  the  Cihated  Protozoa  are  inhabitants  of  fresh  water;  tew 
are  marine ;  or  perhaps  it  would  be  more  coiTect  to  state  that  few  manne 
species  are  known.  Cohn  affirms  that  fresh  water  acts  as  a  poison  and  kiQs 
the  marine  forms  (Entw.  pp.  132,  133) ;  that  the  several  genera  of  Enteio- 
dela  (mv.)—Oycliclium,  Paramecium,  Euplota,  Om/trtclia,  and  Vorticeua-- 
occur  in  water  holding  organic  matter  in  solution  or  decomposition  ;  and  that 
Stentor,  Ophrydium,  and  Loxodes  are  found  only  where  the  water  pm-e  and 
uncontaminated  with  dead  matter.  This  statement  must  not  be  taken  aibi- 
trarily  :  for  among  the  former  series,  specimens  are  constantly  seen  in  watei 
free  from  appreciable  organic  impurities.  Moreover,  in  all  cases,  the  aqueoi^ 
medium  in  wHch  the  Ciliata  live  must  contain  a  certam  proportion  ot  organic 
materials  (either  Uving  in  the  tissues  of  minuter  organisms,  or  in  a  state  ot 
transition,  commencing  decomposition  or  breaking  up  into  mineral  or  deaa 
matter),  from  which  they  can  derive  the  elements  of  their  nutrition. 

Animalcules  indeed,  if  we  may  so  say,  stand  between  the  livmg  and  the 
dead  rescuing  the  atomic  fragments  of  organic  matter  which  ready  to 
perish  and  to'' lapse  into  the  domain  of  dead  matter.  Thus  we  find  them 
constantly  in  infusions,  cither  artificiaUy  made  by  steeping  animal  or,  moie 
miWarly,  vegetable  substances  in  water,  or  naturally  occui-nng  m  ponds 
Snd^Stehes'confaining  glowing  aquatic  plants  or  theii-  ^etach^^^^^^^^^^  ^ 
in  the  tui-fy  hoUows  of  commons  and  bogs.  At  tmics,  indeed,  the  yatcr  m 
wWch  tW  occvir  appears  to  the  eye  almost  P^\-^^fr^^/™^.^Sdes 
matters  •  but  a  closer  examination  will  prove  it  to  be  inliabited 
rmonadiform  existences,  of  minute  plants,  Dcsmidiec.,  Diatomca.,  Nostoclune... 
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Conferva,  and  Alcjce,  which  are  difFiised  throughout,  or  float  upon  tho  surface, 
or  form  a  stratum  at  the  bottom. 

The  attached  forms  find  appropriate  habitats  upon  the  stems  of  _  aquatic 
plants,  and  very  commonly  upon  the  sui-face  of  various  animals  living  m 
water ;  for  instance,  on  the  shells  of  Mollusca,  such  as  the  water-snaUs,  and 
on  the  sm-face  of  tho  Entomostraca.  A  few  species  find  a  suitable  locahty 
within  the  interior  of  larger  animals,  of  which,  therefore,  they  are  esteemed 
the  parasites,— a  fact  illustrated  in  the  genus  Bursaria.  This  subject  of  the 
habitats  of  the  several  genera  needs  not  here  to  be  enlarged  upon,  since  it 
recurs  again  and  again  in  the  generic  and  specific  descriptions  of  the  systematic 
division  of  oui'  work. 

The  Ciliata  do  not  so  frequently  constitute  the  coloming  ingredients  _  in 
water  as  do  the  Phytozoa.  Nevertheless  there  are  several  species  which 
make  their  presence  known  by  their  colour,  either  when  collected  in  a  stratum 
upon  the  sui'face  of  plants  or  of  the  water,  or  Avhen  generally  diffused  in  a 
small  pool.  Thus  Stento?-  polymorpJms  and  Vorticella  cMorostigma  coat  the 
steins  of  aquatic  plants  green,  whilst  several  species  of  Vorticellina  cover  them 
as  with  a  bluish-milky  film,  and  Stentor  aureus  with  an  orange-eoloiu'ed  in- 
duvium.  Bursaria  vernalis,  Trachelocerca  viridis,  Goleps  viridis,  Glaucoma 
viridis,  and  Paramecium  Chrysalis  are  found  dispersed  through  the  water — the 
four  first  imparting  to  it  a  green,  the  last  a  milky  tint.  The  greenish  masses 
of  Oplirydium  versatile  at  times  float  on  the  surface,  driven  about  by  the 
wind,  and  at  others  are  attached  to  the  tendrils  of  roots  and  to  the  stalks  of 
aquatic  plants. 

The  distinct  colours,  such  as  gi'een,  yellowish-red,  and  orange-brown,  are 
in  all  cases,  we  believe,  not  essential  to  the  animalcule3  exhibiting  them,  but 
due  to  the  food  they  swallow,  and  to  its  changes  in  course  of  digestion. 
These  changes,  as  affecting  the  coloui-,  have  been  illustrated  in  a  preceding  page 
(p.  310)  in  the  instance  of  Bursaria  vernalis,  for  which  the  Ghilodon  ornatus 
might  have  been  substituted.  Moreover,  in  Nassula  the  reddish-blue  or  violet 
spots,  conceived  to  be  glands  by  Ehrenberg,  are  apparently  the  product  of  di- 
gested Oscillatorice  (p.  312). 

Succession  oe  Species. — If  a  fluid  containing  Infusoria  be  examined  from 
time  to  time  over  a  considerable  period,  it  will  be  found  that  certain  species 
disappear,  and  are  replaced  by  others  not  before  found  in  it.  This  succession 
of  forms  ia  the  same  liquid  has  been  remarked  from  the  earliest  period  of 
microscopic  research,  and  has  been  the  fruitful  soiu'ce  of  the  wildest  theories 
of  the  metamorj)hoses  of  Infusoria.  Succeeding  animals  have  been  forth- 
with concluded  to  be  the  transformed  states  of  previous  ones,  however  wide 
the  dissimilarity  between  them :  no  intermediate  phases  or  transitional  changes 
have  been  watched;  but  the  conclusion  that  the  one  is  derived  from  the 
other,  has  been  jumped  at  without  reserve.  Some  theorists  have  even  pro- 
ceeded fui-ther,  and,  like  Unger,  believed  in  the  transformation  of  vegetable 
into  animal  life,  or,  like  Laiu-ent  and  Gros,  have  imagined  the  conversion  of 
mineral  matter  into  organized  animalcules,  and  these  last  into  beings  of  still 
higher  position  in  the  animal  scale,  such  as  AnneUda  and  Crustacea. 

A  partial  explanation  of  the  succession  of  animal  fonns  in  a  collection  of 
water  is  to  be  foimd  in  the  following  facts :  

First,  no  vessel  of  water  of  ordinary  dimensions  can  be  so  thoroughly  ex- 
amined but  that  some  animalcules  may  be  overiooked ;  the  same  accident  will 
happen  still  more  frequently  with  their  minuter  germs  or  embryonic  condi- 
tions, or  with  their  encysted  state.  The  earliest  phases,  again,  may,  in  theii- 
transient  form,  very  ncariy  resemble  certain  known  independent  species,  and 
be  readily  mistaken  for  them,  or  oven  for  encysted  simple  plants.   So,  also,  por- 
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tions  of  plants,  small  aquatic  animals,  organic  debris,  and  other  substances  in 
the  water  may  conceal  in  their  cavities  or  interstices  either  mature  animalcules 
or  their  immatui-e  or  encysted  forms.    Further,  we  know  the  air  to  be  per- 
meated by  aninialcular  life  ;  that  every  wind  wafts  organized  beings,  for  the 
most  part  in  an  encysted  state,  together  with  germs  and  spores,  animal  and 
ve°-etable,  to  and  fi-o ;  and  every  exposed  collection  of  water,  unless  protected 
by°the  most  careful  and  complex  contrivances,  must  perpetually  receive  fresh 
colonists.    Now,  among  all  these  matru-e,  encysted,  immature,  and  embryonic 
inhabitants  of  a  portion  of  water,  existing  in  it  when  first  submitted  to  obser- 
vation, or  subsequently  introduced  into  it  from  without,  there  must  neces- 
sarily be  a  constant  change  in  their  relative  abundance,  and  even  in  their  con- 
tinued existence  in  it.    Mature  individuals  may  die  out,  be  devoured  by  other 
animals,  or  be  otherwise  destroyed  before  multiplying  themselves,  or  may, 
bv  encysting  and  reproduction,  develope  beings  of  a  difi'erent  general  character, 
i'e  undergo  a  real  transformation;  encysted  beings  may  merge  mto  hfe, 
immatm-e  and  embiyonic  forms  take  on  their  perfect  confonnation  ;  hidden 
organisms  may  come  out  from  their  conceahnent ;  or  the  new  ones  home  by 
the  air  may  manifest  themselves  ;  and  in  these  and  other  conceivable  ways 
new  series  of  inhabitants  may  make  their  appearance  on  the  scene.  _ 

Lastly,  the  succession  of  species  is  greatly  influenced  by  the  changing  con- 
ditions of  the  water  and  its  contents,  by  atmospheric  conditions— cold  heat, 
and  electricity,  and  the  moisture  or  dryness  of  the  air.    All  the  facts  coUected 
under  the  head  of  Habitats  indicate  the  mutual  relations  between  the  appear- 
ance of  certain  animalcules  and  the  presence  of  particular  plants  or  even  oi 
certain  animals,  or  the  existence  or  absence  of  decomposing  or^mc  matter. 
We  have  moreover,  so  to  speak,  carnivorous  and  herbivorous  Cihata,  each 
and  aU  severally  requiring  their  special  nutritive  elements  m  the  water. 
From  these  cii'cumstances  it  is  evident  that  particular  species  will  disappear 
when  the  conditions  favourable  to  them  fail,  to  be  in  aU  probability  replaced 
bv  others  to  which  the  change  is  favom^able  and  necessary ;  for  instance  the 
vegetable  feeders  wiU  decrease  and  disappear  when  the  minute  plants  on 
which  they  feed  are  consumed  ;  so  those  animals  requirmg  pure  water  wiU  che 
out  when  decomposing  organic  matters  multiply,  and  wiU  be  replaced  by  the 
forms  which  dehght  in  their  presence,  but  have  remamed  ^developed  nntd 
the  conditions  favoui-able  to  their  existence  are  brought  about.    1  he  little 
Coleps  (to  give  a  particidar  iUustration)  dehghts  m  the  eggs  and  contained 
substance  of  Entomostraca,  and  makes  its  appearance  in  company  with  those 
aXals,  without  which  it  is  only  occasionaUy  seen._   And  it  remams  to  be 
nXd,  that  unless  an  animalcule  is  duly  suppHed  Avith  appropriate  nourish- 
ment, its  reproductive  powers  remain  in  abeyance,  and  consequently  its  whole 

race  may  vanish  from  this  cause.  i.  j  <i  

I  particular  example  of  the  succession  of  species  may  be  quoted  from 
Cohn's  essay  on  Eeproduction  of  Infusoria  (Zettschr.  1851,  p.  25b).    in  a 
vessel  containing  decomposing  Spirogyra,  at  ^^^^  appeared  cou^^^^^^^^^ 
mens  of  Paramecium  Aurelia;  these  were  replaced  bj^the  Proteus  of  ^aker 
Sther  the  Lacrymaria  Proteus  or  the  TracMocerca  Olor  (Elir.)  ;  these  m 
thrii-  tui-n  were  followed  by  GModort  CumlMus,  and  after  a  tew  days  by  a 
Coloocla  ■  afterwards  large  EupJotes  with  prominent  green  globules,  probablj 
flZlve^Z,  and  lastly,  colofirless  specimens  of  mflotes     a  ron  exhibited 
Jhemlelves -all  these  species  following  each  other  in  succession  m  the  course 
of  three  weeks,  a  new  foi-m  appearing  on  the  decUne  of  a  preceding,  attammg 
V  Ji?m  in  number,  and  then  decreasing  in  its  turn  to  make  room  for  the 
;lunTh7series     Mo;eover,  this  excellent  obsei-ver  remai'ks  that  a  similar 
Lceession  is  observed  in  the  ease  of  microscopic  plants,  such  as  OsaUator^a. 
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DuHATioN  OF  Life. — What  this  maybe  among  the  Ciliata  is  little  luiown  to 
us.  "The  Infusoria  have  a  comparatively  long  life  "  was  one  of  the  general  facts 
enunciated  by  Ehi'cnbcrg.  Under  favom-able  conditions  certain  species  have 
been  known  to  live  four  or  five  weelcs.  This  applies  to  them  only  in  one  phase 
of  existence,  viz.  that  which  we  regard  as  the  normal  and  mature  one.  But 
when  we  take  into  consideration  the  encysting-process  as  an  act  of  conserva- 
tion, we  are  compelled  to  assign  them  a  dui-ation  of  life  of  a  very  much  longer 
range ;  for  by  its  means  the  Ciliated  Protozoa  are  preserved  in  a  quiescent, 
toi-pid,  or  hybemating  state,  not  only  over  periods  of  di-ought  when  the  ponds 
containing  them  may  be  dried  up,  but  also  duiing  the  entii-e  winter. 

Eui-ther,  by  the  medium  of  fission  and  gemmation,  the  existence  of  the 
animalcule  is  prolonged  or  perpetuated  through  all  the  multiplied  series  of 
divisions  and  subdivisions  and  of  gemmation,  primary,  secondary,  and  multi- 
fold, until  the  chain  is  broken  by  a  sexual  act  of  generation,  and  the  being 
perishes  in  the  production  of  its  ofi&pring. 

The  resuscitation  of  Infusoria,  after  apparent  death,  forms  a  chapter  in 
Ehi-enberg's  great  work ;  but  the  facts  discussed  have  little  or  no  bearing  on 
this  group  of  Ciliata ;  and  the  marvel  formerly  attaching  to  the  subject  is  much 
diminished  by  our  knowledge  of  the  phenomena  of  encysting,  whether  for  the 
purpose  simply  of  self-preservation  or  the  carrying  out  of  the  process  of  de- 
velopment. 

Influence  of  Exteenal  Agents.  Heat  and  Cold. — The  Ciliata  can  sup- 
port very  considerable  variations  of  temperature.  Even  in  winter,  beneath 
the  ice,  various  species  may  be  found  still  living.  Ehrenberg  tells  us  that 
Vortieella  microstoma  will  live  after  being  exposed  to  a  temperature  of  8° 
Fahr.,  and  the  ice  gradually  thawed ;  in  fact,  however,  not  more  than  one  in 
a  hundred  will  survive  this  process.  Below  this  temperature  none  can  live. 
The  same  is  true  of  Paramecium  Aurelia,  Cyclidium  Glaucoma,  Glaucoma 
sdntillans,  and  Colpoda  Cmullus.  When  death  is  caused  by  cold,  no  rapture 
or  injury  of  the  body  is  perceptible,  except  in  the  case  of  Chilodon  Cucullulus 
and  some  few  other  species,  which  are  frequently  quite  disintegrated  and  dis- 
persed. Stentor  polymorphus  and  S.  Mulleri  will  not  live  many  hours  at  a 
temperature  of  9°  Eahr. ;  and  arborescent  Vortieella,  subjected  to  the  same 
degree  of  cold,  fall  from  their  stems  and  die. 

Perty  gives  a  list  of  about  40  species  of  Ciliata  which  he  found  in  Switzer- 
land during  the  cold  of  winter,  beneath  the  ice  ;  we  name  a  few  as  a  guide  to 
investigators : — Coleps  hirtvs  (often  without  a  sheU),  0.  inermis  ;  Oxytriclia 
pellionella,  0.  caudata,  0.  pi-isca,  0.  gihha ;  Pleuronema  crassa ;  Ewplotes 
striatus ;  Vortieella  patellina ;  Stentor  Rosellii ;  Paramecium  Colpoda,  P. 
versutum,  P.  leucas;  Trachelius  Anas,  T.  Lamella,  T.  Meleagris  ;  Trachelocerca 
Olor  ;  Glaucoma  sdntillans  ;  Lacrymaria  ntgosa  ;  Enchelys  Farcimen  ;  Chilo- 
don Cucullulus  ;  Bpirostomum  amhiguum  ;  Ampliileptus  Pasciola,  &c. 

Ehrenberg  affirms  that  when  animalcules  are  frozen  in  ice,  they  are  as  it 
were  lodged  in  a  little  cavity,  and  surrounded  by  water.  This  circumstance 
he  imagined  to  be  due  to  their  animal  heat,— an  explanation  too  improbable 
to  be  admissible  ;  and,  if  the  observation  be  correct,  it  must  give  place  to  some 
other. 

Respecting  the  effects  of  cold,  it  is  a  general  law  of  the  Ciliata,  that  tlieir 
mimbcrs  rapidly  diminish  when  winter  sets  in,  and  that,  on  the  contrary, 
they  rapidly  augment  so  soon  as  the  warmth  of  the  sun  in  spring  manifests 
itself,  and  continue  to  increase  in  number  and  variety  until  the  height  of 
summer  is  passed. 

^  Their  endurance  of  heat  is  almost  equally  extraordinary  as  tliat  of  cold. 
Some  are  found  in  hot  springs  :  thus  Perty  found  specimens  in  the  hot  springs 
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of  Leuk,  at  a  temperature  of  about  80° ;  and  Elirenbcrg  heated  water  gradu- 
ally to  1^0°  Fahr  when  Golpoda  OucuUus  and  Chilodon  GuculMus  sm-vived. 

Necessity  of  Am.— The  water  which  CUiata  inhabit  must  be  duly  aerated 
to  support  their  existence,  as  is  shown  by  the  experiment  of  ponnng  a  layer 
of  oil  on  the  top  of  a  vessel  of  water  containing  them,  and  by  their  disap- 
pearance fi-om  a  bottle  which  has  been  kept  too  long  corked. 

They  decrease  in  number  and  variety  after  water  has  been  kept  tor  some 
time  in  the  house,  even  though  it  remains  sweet ;  this  is  probably  due  in  part 
to  the  more  stagnant  atmosphere  and  the  consequent  diminished  admixture 

of  air  with  the  water.  + 

Chemical  Agents.  Electricity  and  Galvanism.— For  chemical  substances 
to  act,  they  must  be  soluble  in  the  water.  Sea-water  is  generally  more  or 
less  speedily  fatal  to  fi-esh-water  species ;  and,  on  the  other  hand,  tresh 
water  is  destructive  to  marine  species,  especiaUy  when  the  change  of  medium 
is  sudden.  However,  some  species  are  common  both  m  sea-  and  m  sprmg- 
water ;  and  there  are  others  hving  in  brackish  water  which  can  readily  ac- 
commodate themselves  to  a  change  of  habitation.  4.  •  +l,„^ 

There  are  also  substances,  such  as  sugar,  which,  although  not  in  them- 
selves poisonous,  are  damaging  to  animalcules,  probably  by  causing  an  m- 
iurious  alteration  in  the  density  of  the  water.  Other  substances,  havmg 
ictive  properties  as  poisons  to  animal  life  at  large,  such  as  <;0™«  f^^^; 
mate,  stiychnine,  arsenic,  and  the  like,  are  also  poisonous  to  animalcules 
Eeference  has  been  made  to  several  chemical  compounds  which  reacting 
variously  on  the  tissues  of  animalcules,  are  employed  for  the  Piirpose  ot 
SonsSating  points  in  their  organisation:  such  are  acetic  acid,  alcohol, 
tinXe  of  iodin'e,  solution  of  potassa,  &c.  The  last  acts  as  a  solvent,  caus- 
ing diffluence,  as  Mi'.  Addison  pointed  out  some  years  since  (A.  JS.  M.  iS4d, 


Of  the  effects  of  electiicity,  galvamsm,  and  ma^etism,  ^« J^^^J^^l^ " 
periments  with  these  forces  are  few  and  imperfect.    Ehrenberg  colle^t^d,^^^ 
ac™ts  of  several,  among  wHch  are  the  foUowing  :-A  shock  from  a  Leyden- 
lai  Xrged  4h  tWy  fparks  from  an  electrophorus  having  a  resinous  plate 
71  hiches  square,  and  a  collector  51  inches,  suddenly  kiHed  Stentor  mger 
Sl  ZrZ  ZTlnphUeptus  morvaigA    The  bodies  of  O2.hryogh.ra  a^a  and 
fu:Z  7o^^norpZJre  entirel/ dissipated  by  it,  -  we-  also  o 
E2.istylif /vioL,  after  having  A^/t  ^ff \thr°^  from  t^e^^^ 
ineraUy  required  two  such  shocks  to  loU  the  Paramecin  n  Aw  elm.  Wnen 
threlecSTirrent  passed  near  and  not  thi'ough  them,  their  i^ovemente  ap- 
neared  tm^te^^^^     Electricity  slowly  produced  has  a  more  powerful  effect  thau 
LThe  fTm  oTrapid  shocksT  and  when  either  it  or  the  magnetic  curren  d 
composes  the  water  in  which  the  ammalcules  are,  then  death  is  a  necessary 

"SSd  (^^ZZ.  Journ.  1853,  xv.  p,  71)  has  experimented  ^^^^^^^ 
and  states  that,  when  a  feeble  galvanic  ciirrent  is  passed  ^^^S^  ^c^^^^^^^^ 
taining  P«mmma,  the  animals  are  brought  to  ^/tand-stiU,  pai  ticu^iiy  m 
thTnei-hbourhood  of  the  negative  pole,  and  after  revolving  for  a «^ 
Seir  o\Ccentres,  entirely  cease  to  move  ;  ciliary  action  is  also  arrested,  and 

s^^iVf  ^operation  of  chemical  reagents  on  Protozoa  oi^  stric% 
S'etf  of  lead,  and  perchloride  of  merciuy  destroyed 
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life  instantly.  Cyanide  of  potassium  did  the  same,  producing  at  the  same 
moment  rupture  of  the  integument  and  the  discharge  of  the  contents.  On 
adding  a  quantity  of  oxalate  of  ammonia  to  the  water,  a  stupefying  effect  at 
once  foUows,  but  after  a  few  minutes  the  animalcules  revive,  and  death  does 
not  result— at  least,  not  for  some  hours.  Likewise,  neither  ferrocyanide  of 
potassium  nor  neutral  chromate  of  potash  Idlls— at  least,  not  under  several 
hours.  This  last-named  fact  suggests  the  possibility  of  chemically  injecting 
or  impregnating  animalcules,  whilst  stiU  living,  with  a  mixture  of  suitable 
reagents  to  produce  coloured  precipitates  which  might  serve  in  demonstrating 
their  internal  stnictiu-e. 

Geoghaphical  Distelbutiok. — ^We  know  as  yet  of  no  special  laws  of  geo- 
graphical distribution  of  the  Ciliated  Protozoa  ;  and  a  long  time  must,  we 
fear,  elapse  ere  the  waters  of  the  earth  are  sufficiently  explored  to  warrant 
even  an  approximative  sketch  of  such  laws.  Wherever  on  this  globe  we 
may  seek  for  these  animalcules,  they  are,  it  seems,  to  be  found — even  the 
same  families,  genera,  and  species  ;  and  if  our  present  knowledge  leads  us  to 
define  particular-  localities  for  particular  species,  it  amounts  to  little  more 
than  stating  that  they  have  there  arrested  the  attention  of  some  observer  or 
observers,  and  have  been  overlooked  or  searched  for  at  the  wi'ong  season,  or 
under  unfavourable  circumstances,  ia  other  places.  For,  as  our  remarks  on 
the  succession  of  species  imply,  the  animalcules  present  in  any  collection  of 
water  one  week,  may  be  in  vain  searched  for  the  next ;  and  the  inhabitants 
of  a  pool  or  stream  of  one  season,  or  of  one  year,  may  be  exchanged  for 
others  the  next.  Although,  therefore,  laws  of  geographical  distribution 
are  wanting,  yet  we  may  be  very  much  guided  in  our  search  for  paiticular 
genera  and  species  by  a  knowledge  of  their  habitats  and  of  the  conditions 
which  prove  most  favourable  to  their  existence. 

Since  the  whole  framework  of  Ciliata  is  sooner  or  later  destructible  by 
diffluence,  their  occurrence  in  a  fossil  condition  is  not  to  be  looked  for. 

APFrNTTiEs  OF  THE  CiLiATED  Peotozoa  WITH  OTHEH  Animals. — Regarding 
as  we  do  the  organization  of  Ciliated  Protozoa  as  belonging  to  a  type  sui 
generis,  their  afiinities  vsdth  other  animals  partake  rather  of  a  general  than 
of  a  particular  character.  They  possess  an  aiSnity  with  JRhizopoda,  Ore- 
gannida,  and  Spongilla,  with  Opalincea,  Polypes,  and  with  many  Phytozoa, 
such  as  Eugleno},  in  the  nature  of  their  contractile  substances  or  sarcode ; 
also  with  the  first  and  last-named,  in  the  presence  of  one  or  more  contractile 
vesicles.  Multiplication  by  fission  is  also  common  to  those  several  tribes,  and 
that  by  gemmation  to  Vorticellina,  Oplirydina,  and  Polypes ;  lastly,  they 
agree  with  the  Ehizopoda  and  Polycystina  in  the  process  of  dissolution  by 
diffluence.  In  the  process  of  encysting,  also,  they  are  related  with  the  Opa- 
lincea and  Phytozoa,  with  some,  at  least,  of  the  Ehizopoda,  and,  in  general 
characters,  with  the  Qregarinida. 

Of  the  mutual  relations  between  the  Ciliata  {Opalincea,  Gregarinida)  and 
Ehizopoda,  wo  shall  have  further  occasion  to  speak.  But  the  Ciliata  ai-e 
also  allied  to  the  Eotifera  by  the  chitinous  constitution  of  their  integument, 
by  being  moved  chiefly  by  cilia,  and  more  closely  so  through  certain  families, 
e.  g.  the  Vorticellina  and  Oplirydina,  which  have  a  frontal  ciliary  mechanism 
approaching  in  structure  that  of  the  rotary  apparatus.  So,  again,  in  some 
general  features,  the  sheathed  Oplirydina  (e.  g.  Vaginicola)  may  bo  a.ssiini- 
lated  ^vlth  the  encased  Eotatoria,  such  as  (Ecistes  'and  Conochilus.  Lastly, 
by  means  of  the  Tchtliydina  an  additional  link  is  established  between  these 
two  classes,  and  also  between  them  and  the  Turbellaria ;  for  some,  as  Sehultze 
(MuUer's  Archlv,  1858,  p.  241),  seem  disposed  to  range  the  Irhihydina  with 
the  last-named  family.  A  homology  may  be  perceived  between  the  hardened 
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integument,  with  its  uncini,  styles,  and  setse,  in  such  forms  as  Coleps  and 
Ewplotes,  and  the  covering  and  appendages  of  Entomostraca  and  of  some  in- 
ferior Annelida  ;  and  some  would  note  the  similarity  in  movements  between 
Coleps  and  Daphnia.  _  -n 

Through  the  Vorticellina  a  relation  is  established  with  the  Jiryozoa  or 
cilio-brachiate  Polypes— one,  indeed,  which  some  naturalists  (Agassiz,  for 
instance)  afdrm  to  be  so  intimate,  that  the  two  famihcs  should  be  placed  to- 
gether m  the  same  group.  ,  jv. 

Lastly  there  is,  ia  the  case  of  many  Cihata,  a  very  close  apparent  aflmity, 
almost  amounting  to  identity  (at  least,  so  far  as  form  is  concerned)  be- 
tween them  and  certain  embryonic  stages  of  other  animals,— for  example, 
of  Planarice  and  of  several  of  the  lowest  among  the  Vermes.    It  is  possible, 
indeed  that  some  of  the  presumed  independent  CiLiata  are  nought  else  but 
larval  conditions  ;  but  unless  this  can  be  shown  by  direct  observation  of  their 
development  and  transformation,  they  must  be  still  retained  in  their  present 
nlace     The  group  represented  by  Bursaria  and  Paramecium  are,  as  Agassiz 
(A  N  H  1850  vol.  vi.  p.  156)  asserts  he  has  satisfied  himself  by  du-ect  m- 
vestigation,  no  other  than  germs  of  fi-esh-water  worms,  "  some  of  which,"  he 
writes  "  I  have  seen  hatched  from  eggs  of  Planaria  laid  under  my  eyes. 
To  this  assertion  Mr.  Girard  assents  {Proceedings  of  American  Association, 
1848  p  402)    However,  there  is  one  caution  to  be  borne  in  mind  m  seeking 
to  establish  the  imity  of  certain  supposed  specific  forms  and  known  embryonic 
nhases  of  any  animals— viz.  not  to  confound  general  resemblance  with  specific 
identity     For,  notwithstanding  the  former  may  be  very  distmct  and  close, 
this  is  not  enough  (as  the  history  of  development  of  the  lugher  ammals 
teaches  us)  while  there  is  aught  wanting  in  the  image,  to  render  it  an  exact 
counterpart  of  the  original,  identical  in  kind  with  it. 

The^bove  offers  a  general  sketch  of  the  most  evident  affinities  of  the 
Ciliata  By  the  exercise  of  the  imagination  directed  simply  to  external  form, 
these  might  be  greatly  multiphed :  this,  however,  would,  mstead  of  advancing 
our  knowledge,  lead  only  to  misconceptions.  ,  -  _ 

rXmcATioi.  OE  Tii  CiMATED  PEOTozoA.-Amoug  the  many  hcteroge- 
neous  groups  of  beings  wHch  have  at  a  previous  period  been  assenibled  under 
?he  name  of  Infusoria,  or  other  terms  tantamoimt  to  it  that  of  the  cdiated 
SwTls  has  been  more  or  less  clearly  clistingniished  from  the  rest,  and 
S™eceived  much  attention  from  the  several  propounders  of  schemes  of  clas- 
XaW  However,  as  our  knowledge  of  the  Cihata,  both  with  respect  to 
the  m^ber  of  kno^  species  and  to  their  minute  orgamzation,  on  winch 
Ine  any  correct  classification  can  be  based,  has  been  so  greatly  extended 
tog  ?he  last  few  years,  it  would  be  useless  to  descnbe  the  various  systems 
wSwere  suggested  when,  as  we  may  say,  this  branch  of  natural  history 

shajtSore  omit  aU  notice  of  any  systematic  axrangement  of  the 
Cihata  prior  to  that  proposed  by  Ehrenberg.    Now,  although  this  axrange- 
ment is  very  imperfect  a^id  incorrect,  and  founded,  moreover,  upon  cci-tain 
"  ws  of  thJirTganization  now  generaUy  rejected  yet,  as  it  the jstem 
Tied  in  previous  editions  of  tHs  work,  and  wiU  be  generally  followed  m 
the tesent  0^;  and  as,  moreover,  no  other  classification  can  lay  claim  o 
uch  coS^^^^        and  accuracy  as  to  —nd  its  adoption  instead^^ 
Snves  m  to  detail  its  pi-incipal  features.  Besides  this  distribiition  of  Cihata 
behoves  us  to  am       i  ^^^^   ,   her  of  Berhn,  there  are  three  others  it 
'"K  necelary  trdl         £  this  place,  severally  proposed  by  Dujardin 
^hn^d  and  Periy     Of  these,  however,  it  will  only  be  necessary  to  present 
I:  olne  as  S^n  by  their  respective  authors,  since  the  exammation  of  the 
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characters,  limits,  and  mutual  relations  of  the  families  described  will  form 
the  subject  of  the  Systematic  portion  of  this  -work.  _ 
*  The  Ciliata,  in  oui-  moaning,  are  very  nearly  the  same  beings  that  Ehi-en- 
berg  called  Enterodela,  or  Pohjgastrica  furnished  with  an  intestine  connecting 
together  their  stomach-sacs.  A  division  of  the  Enterodela  was  made,  accord- 
ing to  the  mutual  relation  in  position  between  the  two  orifices  of  the  body — 
the  mouth,  and  anus  or  discharging  vent — into,  1st,  Anopisthia,  in  which  the 
intestine  is  so  cui-ved  on  itself  that  its  two  ends  imite  together  in  a  common 
aperture ;  2,  Enantiotreta,  having  an  oral  opening  at  one  extremity,  and  the 
anal  at  the  other,  i.  e.  opposite  to  each  other ;  3,  Allotreta,  with  the  two 
orifices  placed  obliquely  with  reference  to  one  another ;  and  4,  Catotreta, 
with  both  situated  on  one  surface — the  abdominal.  The  subjoined  tabular 
view  wiU  display  these  divisions,  and  also  their  subdivision  into  families.  _ 

We  have  departed  from  this  arrangement  of  Ehrenberg  chiefly  by  omitting 
a  few  genera  and  species,  viz.  Actinophr^js,  Tricliodiscus,  ,and  Poclophrya 
among  the  Enchelia,  and  some  species  of  Bursaria  from  the  Trachelina,  and 
also  by  adding  several  new  genera  and  families.  Concerning  the  necessity  of 
detaching  the  Actinophrys  and  its  two  congeners  from  the  Enchelia,  no  doubt 
can  be  entertained  when  their  stnicture  comes  to  be  considered  ;  we  have 
thrown  them  together  into  one  family  imder  the  name  of  Actinophryina 
(p.  243),  and  have  brought  them  and  the  peculiar  beings  known  as  Acinetina 
(p.  258)  together  as  two  subdivisions  of  Ehizopoda.  The  peculiar  parasitic 
Bursarice  without  mouth  constitute,  with  some  similar  ciliated  mouthless 
beiQgs,  a  subdivision  of  the  Ciliata,  standing  in  near  relation  with  Oregari- 
nida,  and,  in  some  measure,  intermediate  between  the  Ciliata  and  Ehizopoda. 
Lastly,  we  have  removed  the  Ichthydina  from  the  Rotatoria,  and  treated  them 
as  a  subclass  of  Ciliata.  The  additional  families  and  genera  we  shall  not  here 
specify,  but  must  direct  the  reader  for  information  to  the  systematic  descriptions. 

The  following  tabular  view  represents  Ehrenberg's  classification. 


5 

g 


illoricated   Vortieellina. 


SECTIONS.  FAMILIES. 

One  receiving 
and  discharging 
orifice  only  for  }■ 

nutrition.      I  loricated   Ophrydina. 

Anojaisthia.  ) 

'^^oneat''^^     1  iUoricated   Enchelia. 

each  extremity.  1  i    •    ■  i  ^  ,  . 

Enantiotreta.  )  loncated  Colepina. 

( mouth  furnished  with    pro-  "I  m     i  r 

Orifices  situated  fiUoricated   J     boscis,  taU  absent    jTrachehna. 

obliquely.      I  1  anterior,  tail  present  Ophryocercina. 


Allotreta. 


Orifices 
abdominal. 

Catotreta. 


(loricated   Aspid: 


iscina. 


'  { locomotive  organs,  cilia  Kolpodea. 

illoricated  \ 


\  various  Oxytrichina. 

,  loricated  Euplota. 

Dujardin's  distribution  next  claims  attention.  Having,  as  we  have  seen, 
entirely  rejected  Ehrenberg's  polygastric  hypothesis,  and  at  the  same  time 
failed  to  recognize  many  important  points  of  internal  organization  now 
well  established,  he  had,  to  construct  his  system,  rccoui-se  to  external 
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characters  only — to  tlio  presence  or  absence  of  locomotive  organs,  to  the 
characters  of  those  organs,  to  the  nature  of  the  external  surface,  whether 
protected  hy  an  integument  or  not,  or  defended  by  a  lorica,  to  the  general 
conditions  of  attachment  of  fixed  forms  to  other  objects,  and  to  the  cha- 
racter of  theii-  movements  when  fi-ee.  Moreover,  his  Ciliated  Infusoria  com- 
prised not  only  oiu'  group  of  Ciliated  Protozoa,  but  also  the  Phytozoa, — the 
Vibrionia  only  excepted ;  for  he  made  no  distinction  between  organisms  moved 
by  a  single  or  few  filaments,  and  those  moved  by  vibratile  cilia  generally  dis- 
tributed, or  associated  together  in  the  constraction  of  special  locomotive  organs. 

In  his  tabular  view,  the  beings  we  have  brought  together  under  the  appel- 
lation of  Ciliata  are  all  comprehended  in  the  foui-th  and  fifth  orders  of  Infu- 
soria, with  the  exception  of  Coleps  and  the  IcUhijdina,  which,  in  his  opmion, 
belong  to  a  type  of  structm-e  differing  fi-om  aU  others  reckoned  by  him  as 

Infusoria,  in  being  symmetrical.  „  _  .  en  ■    L^  ■^^ 

The  accompanying  outline  of  this  system  of  Dujardm  wiU  sufficiently  illus- 
trate it  at  present,  without  further  remarks  on  the  value  either  of  the  prm- 
ciples  he  has  adopted,  or  of  the  families  and  genera  he  has  instituted. 

DUJAEDIN'S  CLASSIFICATION  OF  CILIATA. 

Order  IV.— CiHated  animalcules  without  a  contractne  integument.  All  swimmers. 

A.  Naked.  ^  -i 

J-am.  11.  Ench%ens,  without  mouth;  ciha  disposed  without  order. 

12.  Triehodiens,  with  the  mouth  either  visible  or  mdicated  by  a  fringe  of  ciha,  witli- 

out  cirrhi.  ,       .„  .  , - 

13.  K^roniens,  with  a  mouth  and  a  fringe  of  ciha,  together  with  some  cirrhi  or 

strong  ciUa  in  the  form  of  styles  or  uncmi. 

2?'«»»^14^ S^idens.  Lorica  or  sMeld  diffluent  or  decomposable  like  the  rest  of  the  body. 
15.  ErvUiens.    Lorica  genuine  and  persistent.    A  short  pedicle. 

Order  V -Ciliated  animalcides  provided  with  a  lax,  reticulated,  and  conti-actile  integu- 
uraer  v .    v.i  x         ^^^^  _      ^i^^  ^^^^  arranged  m  regulai-  hnear  series  as  to 

denote  the  presence  of  an  integument. 

A.  Always  free. 

J'am.  16.  Leucoplu-yens,  without  a  mouth.  _ 

17  Parameciens,  with  a  mouth  but  no  prominent  row  oi  ciiia. 
18.  Bursariens,  with  a  mouth  and  a  prominent  row  of  cilia. 

B.  — Either  voluntarily  attached  or  fixed  by  the  medium  op  organs. 
Wnm  1 0  TTvc^olariens,  voluntarily  attached.  ,     ,  .  , 

20.  Vorticemens,  attached  at  least  temporai-ily  either  by  their  organs  or  by  some 
part  of  their  body. 
Symmetrical  Infusoria.- Of  several  types  without  mutual  relations. 
Planariola.    Coleps.    ChiBtonotus.  Ichthydium. 
With  the  exception  of  the  family  Leucopliryem,  which  is  neai-ly  equivalent 
to  our  subgroup  OpalmcBa,  and  of  the  genera  Pfena.-.oZ«,  Ghc^^'^otus, 
IcUJiydium  (the  two  last  constitute  our  iamiljic  it  iychna),  all  the  othci 
families  and  genera  are  members  of  oui'  class  of  Ciliata,  and  are  described  in 
the  Systematic  portion  of  this  work.  -r,  •  j-„ 

Prof  Siebold  (Amtomie  cler  Wirbellosen  Thtere)  agreed  with  Dujardm  m 
reiecting  the  Polygasti-ica  of  Ehrenberg  as  a  class,  and  at  the  same  time  em- 
Xed  tte  term  Infusoria,  appUed  after  Ehi-enberg's  example  to  a  multitude 
of  various  organisms  both  animal  and  vegetable,  to  designate  a  compai-atively 
aroup.  To  this  restricted  use  of  the  term  we  have  ali-eady  objected 
TTiSv  we  wiU  now,  therefore,  proceed  with  the  classification  in  question. 
fe?ebold's'lnfusoria  included  all  those  microscopic  organisms,  exclusive  ot  tbe 
liiizorda  of  supposed  animal  nature,  whether  possessing  a  mouth  or  not 
Sf  tSe  he  made  two  classes:  one  named  Astoma,  the  other ^>n«foc/a,  the 
latter  eqit^^^  to  oui'  CiHata.    The  foUowing  tabidar  outhne  is  presented 
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by  Siebold,  without  any  comments  on  the  chai'acters  and  distinctions  of  the 
several  families,  which,  however,  agree  in  general  with  those  instituted  by 
Ehrenberg,  the  most  striking  departure  being  the  exclusion  of  Oijlmjocerana 
and  Aspidisdna. 

SIEBOLD'S  CLASSIFICATION  OP  CILIATA. 
Class  I.— INFUSOEIA,  Animals  moving  by  cilia. 
Order  1. — Astoiia,  Infusoria  without  a  moutli. 
Fam.  1.  Astasi.ea. — Gen.  Amblyophis,  Euglena,  CMorogonium. 
Fam.  2.  Peuidini/EA. — Gen.  Peridinivim,  Glenodinium. 
Fam.  S.  Opalin^a. — Gen.  OpaUna. 

Order  2. — Stomatoda,  Infusoria  with  a  mouth. 
Fam.  1.  VoRTiCELLiNA. — Gen.  Stentor,  Trichodina,  VorticeUa,  Epistylis,  Carchesium. 
Fam.  2.  Ophetoina. — Gen.  Vaginicola,  Cothumia. 
Fam.  3.  Enchelia. — Gen.  Actinophi-ys,  Leucophrys,  Prorodon. 

Fam.  4.  Tiuciielina. — Gen.  Glaucoma,   Spirostomum,  Trachelius,  Loxodes,  ChUodon, 

Phialina,  Bursaria,  Nassvda. 
Fam.  5.  Kolpodea. — Gen.  Kolpoda,  Paramecium,  Amphileptus. 
Fam.  6.  Oxyteichina. — Gen.  Oxytricha,  Stylonychia. 
Fam.  7.  Euplota. — Gen.  Euplotes,  Himantophorus,  Chlamidodon. 

Perty  is  the  latest  writer,  as  far  as  we  can  discover,  who  has  attempted  a 
classification  of  Infusoria,  among  which  he  distinguishes,  as  we  do,  a  class 
under  the  name  of  Ciliata,  having  also  iu  almost  aU  respects  similar  limits, 
except  in  the  retention  of  the  ActinopJiryina  as  one  of  the  two  sections  he 
makes,  viz.,  1,  animalcules  with  vibratile  cilia ;  and  2,  with  non-vibrating 
but  slightly  contractile  cilia,  or  filaments.  Leaving  this  second  section  out 
of  view,  the  other  is  divided  into  three  subsections,  with  the  titles  Spastica, 
Monima,  and  Metabolica,  according  to  the  vaiTUig  character  of  their  move- 
ments, which  ia  the  first  are  sudden  and  jerking,  in  the  second,  unvarying 
and  constant,  and  in  the  third,  associated  with  stiiking  changes  in  the  figiire 
of  the  body.  Under  these  thi-ee  subsections  he  distributes  all  the  Ciliata  into 
faimlies,  to  many  of  which,  in  departing  from  Ehrenberg's  groupings,  he  has 
given  new  names.  He  moreover  describes  many  new  genera  and  species. 
Besides  the  Actinophryina,  we  exclude  also  the  family  Gohalina,  which  is 
equal  to  our  family  Opalincea,  and  to  Dujardin's  Lemophryens. 

We  shall  -  attempt  to  represent  this  system  of  classification  by  a  tabular 
outline : — 

PEETY'S  CLASSIFICATION  OP  CILIATA. 

A.  Spastica. — Animalcules  capable  of  contracting  their  bodies  and  their  stons,  wheoi  such 

exist,  in  a  sudden  spasmodic  manner,  so  that  their  more  or  less  elongated 
figure  is  rendered  oval  or  globular,  and  tlie  stem  coiled  spirally.  They 
are  tJie  only  Ciliata  which  live  associated,  and  are  related  to  Bryosoa, 
and  many  to  Rotatoria. 

Fam.  1.  Vaginipeua. — Enclosed  in  a  sheath,  into  which  they  can  withdraw  themselves. 
Mouth  with  a  ciliary  wreath. 

Fam.  2.  Vorticellina. — ^Without  a  sheath  ;  living  isolately,  or  in  arborescent  polyiiaries  ; 

with  a  contractile  body  and  evident  mouth,  but  no  intestine.  Deve- 
loped by  fission,  by  germs,  and  gemmation,  and  by  means  of  transi- 
tional phases. 

Fam.  3.  Opiirydina. — Numerous  animalcules  associated  together  in  a  solid  gelatinous  mass, 

but  vrithout  contractile  fibres. 
Fam.  4.  Urceolarina.— The  TJrceolariens  of  Dujardin,  Ophrydium  being  excluded,  and 

Spirostomum  added. 

B.  M-Osnw.— Animalcules  which,  although  very  contractile,  neither  undergo  change  of  form 

nor  exhibit  jerking  movements. 

A.  General  covering  soft.~\.  Free  forms,  with  a  mouth;  nutriment  received  solid. 
Fam.  5.  Bursarina. 

Fam.  G.  PARAMECiNA.—Body  covered  by  longitudinal  rows  of  cilia.  Mouth  lateral,  often 
siUiatod  in  a  furrow. 

Fam.  7.  Holopiirvina.— Mouth  anterior;  anus  posterior.    Cilia  in  longitudinal  rows. 
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Fam.  8.  Aphtiionia.— Surface  ciHated,  and  furnished  besides  with  filaments. 

Fa7n.  9.  Decteria.— Mouth  provided  with  a  circlet  of  bristles  ;  in  three  genera  lateral,  m 

two  anterior  in  position.  ,     .  ,  i-  a 

Fam.  10.  CiNBTOciiiLiNA.— Mouth  on  the  upper  surface,  furnished  with  a  vibratmg  flap. 

Cilia  in  longitudinal  lines.  . 
Fam  11  Apionidina  (in  part  the  EnoheUa,  Ehr.,  and  the  Paj-amtoens,  puj.).-BoAies 
if  am.  Li.  ^10         g^^ii^goft,  thicker  at  one  end  than  the  other;  cilia  m  longitudinal 

rows    Mouth,  where  perceptible,  at  the  anterior  extrenuty. 
F^m  12  Tapinia.— Cilia  scattered,  or  coUected  in  particular  spots,  but  never  in  rows 

Body  usually  very  smaU.    Mouth  only  proved  to  exist  by  means  of 

artificial  feeding.  .  i  n 

Fam.  13.  Teachehna.— Body  elongated  into  a  neck-like  anterior  process,  or  a  laterally 

curved  trunk. 

Fam.  14.  Oxytrichina.— Equal  the  K6roniens  of  Dujardin. 

2.  Parasitical  forms,  with  or  without  a  mouth,  mastly  receiving  only  the  Juices  of 
other  animals.  ,  , 

Fam  16  Cobalina.— Body  mostly  flattened,  oval,  elliptic  or  remfoi-m,  covered  by  numer- 
Jfam.  10.  UOBALINA.  y^^  ^^^^        oftentimes  with  jomted  cilia  on  the  under 

surface  A  raised  margin  or  hoUow  fold  occupied  by  cilia  often 
indicates  the  mouth,  of  which,  however,  in  several  cases,  no  trace  is 
evident  The  animalcules  commonly  Uve  internaUy,  upon  the  juices 
of  other  beings,  and  occasionaUy  on  their  outer  surface,  m  which  case 
the  food  they  take  is  soUd.  They  present  among  themselves  numerous 
pecuHarities  and  points  of  agreement,  and  at  the  same  time  many 
anomaUes,  and  are  lower  in  the  scale  than  free  hvmg  forms  sunilar  to 
them,  e.a.  Oxytrichina;  their  movements  are  rather  automatic,  ihe 
genera  included  are,  Master  (Kerona,  Ehr.),  Flagiotoma,  Leucophrys, 
and  Ofolina.  _      ri  j 

B.  General  covering  firm  by  induration  of  the  integument,  or  by  excretion  of  hard 
granules. 

Fam.  16.  Euplotina.— Equal  the  Ploesconiens  of  Dujardan. 

Fam.  17.  Colepina.— Eepresented  by  the  genus  Colejps  (Ehr.).  ^  ,  .  ^       ^,  , 

C  Metabolica  contractile  ;  undergoing  protean  alterations  of  their  figure  through 

0.  METABOLICA.    ^"y^^^^^^^^.^^        extension  of  the  body.    Cilia  scarcely  observable  o,i 

the  body  at  large,  but  collected  on  the  neck-like  process. 
Fam.  18.  Ophryoceecina  (Ehi-.),  including  also  Trachelocerca  and  Phiahna. 

PAMILT  I.— ICHTHYDINA. 
(Plates  XXV.  357,  358.  Plate  XXXI.  28,  29,  31.) 
This  family,  which  in  our  arrangement  forms  a  snbgroup  of  Cihata,  con- 
stituted in  Eh^enherg's  system  a  section  of  Kotatona,-an  association  which 
caZt  be  maintained  now  that  their  more  intimate  e--fa^^^^^^ 
tion  is  known.    Indeed,  these  beings  seem  to  have  received  but  little  atten- 
t  on  from  that  great  naturalist,  who  had  only  an  imperfect  account  of  them 
to  offer.    The/were  described  as  Rotatoria  with  a  single  contmtious  rota^ 
organ,  not  cut  or  lobed  at  the  margin,  and  without  lonca  or  shell  Four 
gener;  were  enumerated-viz.  Ptygura,  IcUhychwn  Cha^mioU^  and  GUno- 
fhora.    Their  relative  peculiarities  were  thus  «tated:-i^^^um  and  ffZ^  o- 

had  a  simple  rot'aiy  locomotive  -.-^  ^  J'=^^%t:i"tL^w^^^^^ 
only  a  long  ciliary  band  upon  the  ventral  surface.  Agam,  the  two  toimer 
had  a  simple  foot-Hke  process,  and  evident  oesophageal  teeth;  the  two  lattei 
a  forked  tail  and  no  ^sible  teeth.  Dujardin,  who  ha^  given  a  yeiy  good 
ac  oS  of  Gl^cetonotus,  rejected  that  genus,  together  wil^h  /cM.^^^^^^^^^ 
among  the  Eotatoria,  and  placed  the  two  m  a  sort  of  f  ^^7^^  ^^^^^^ 
Protozoa,  under  the  name  of  '  Symmetrical  Y^^^^^.r  iTion^er  S 
eenera,  Glenophora  and  Ptygura,  he  ignored  altogether  the  fomer  ana 
f  ™«pd  the  latter  to  his  family  of  '  Melicertiens.'  Smce  the  date  of  hi. 
transposed  ^,       1841)^  he  has  sketched  the  Instoiy  of  a 

(A.  S.  N.  XV.  p.  158). 
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The  latest  researches,  we  have  seen,  on  the  Ichthydina  are  contained  in  a 
paper  by  Dr.  Max.  Schnltze  (Mill.  ArcJiiv,  1853,  p.  241),  on  Chcetonotus  and 
Ivhthydimn,  and  on  a  new  allied  genus,  Turbanella.  In  this  communication 
Schultze  clearly  shows  that  Chcetonotus  and  Ichthydium  are  not  Eotatoria, 
whilst  he  admits  Ptyyura  and  Glenophora  to  be  so.  The  leading  and  suffi- 
cient reasons  for  separating  Ichthydium  and  Chcetonotus  from  Eotatoria  are, 
that  they  want  the  pecuHar  ciliary  apparatus  of  that  class  have  no  retractile 
rotaiy  disk,  no  jointed  taU-Kke  process,  no  water- vascular  system  with 
vibratne  tags,  and  no  perceptible  muscular  and  nervous  system.  The  best 
account  of  the  organization  we  have  of  any  of  the  Ichthydina  is  furnished  by 
Schultze's  contribution  above  quoted,  wherein  he  details  that  of  Turhanella. 
Of  this  we  will  present  an  abstract,  but,  before  so  doing,  will  preface  a  few 
notes  from  Dujardin  on  Chcetonotus.  This  genus  has  a  symmetrical  elongated- 
oblong  body  slightly  contracted  at  its  anterior  third,  and  having  its  posterior 
half  expanded  ;  covered  on  its  upper  or  posterior  surface  by  cUia  or  by  ciliated 
scales ;  teiTuinated  anteriorly  by  a  rounded  edge,  near  to  which  is  a  distinct 
circular  oral  aperture  ;  and  posteriorly  ending  by  a  bifurcate  process.  Some 
long  vibratile  ciUa  are  visible  on  the  anterior  half  of  the  ventral  surface  ;  and 
Dujardin  thought  he  discovered  four  or  five  minute  papHlas  around  the  mouth. 
This  aperture  he  represents  to  lead  into  a  long  narrow  oesophagus,  which 
abruptly  ends  in  a  wide  intestine,  that  continues  a  straight  com'se  to  the 
posterior  extremity,  where  an  anal  opening  is  probably  placed.  The  Turha- 
nella hycdina,  of  Schultze,  has  an  elongated,  rather  compressed,  colom-less 
body,  from  -Jj^-th  to  -^th  of  an  inch  long,  and  -^th.  to  ^^th  broad.  The  head  is 
separated  from  the  body  by  a  constriction  (XXXI.  28).  Along  the  body,  at 
apparently  regular  distances,  numerous  bristle-Uke  processes  stand  out  at  right 
angles  on  each  side.  The  posterior  extremity  is  slightly  contracted,  and 
divided  into  two  comb-Hke  flattened  processes  or  lameUse,  having  an  inter- 
vening fossa,  into  which  the  anal  apertui-e  opens.  A  dorsal  and  ventral 
surface  ai-e  distingiiishable, — the  latter  ciliated  thi-oughout,  the  former  bare. 
The  head  is  entirely  covered  on  its  upper  siirface  by  fine  cilia,  besides  which, 
it  has  a  circlet  of  larger  ones  around  its  middle.  The  ciliated  condition  of 
the  under  surface  is  displayed  by  a  side  or  a  transverse  view  of  the  animal. 
The  bristle-like  processes  on  each  side  are  growths  from  the  integument,  and 
neither  articulated  nor  separable  (XXXI.  28,  30).  The  row  is  double  on 
either  side  ;  the  imder  setae  from  20  to  25  in  nimiber ;  the  upper,  only  from 
6  to  8  on  a  side.  The  latter  are  rather  appendages  of  the  dorsal  siuface, 
and  are,  moreover,  not  at  right  angles  LOce  the  others,  but  bent  backward. 
Each  cutaneous  process  is  terminated  by  a  motionless  cilium,  equal  to  or  ex- 
ceeding it  in  length.  The  cuticle  and  its  processes  are  soluble  in  a  warm 
solution  of  potash,  and  are  not  chitinous. 

The  alimentary  canal  passes  straight  through  the  middle  of  the  body  (XXX. 
28,  29).  The  mouth,  situated  at  the  anterior  extremity,  is  cii'cular,  and  sm-- 
rounded  by  a  finely  plicate  or  dentate  margin ;  it  opens  into  a  muscular 
oesophagus  which  very  much  resembles  that  of  AnguilMu,  and  terminates 
below  m  the  straight  intestine.  The  cesophagnis  exteiids  for  the  fii-st  foiu-th 
of  the  length  of  the  body ;  and  its  muscular  coat  is  so  developed,  that  its  canal 
looks  hkc  a  mere  central  hne.  Its  muscles  are  annular.  The  tubular  iutes- 
tmc  has,  on  the  contrary,  thin  waUs,  in  which  numerous  molecules  and  fat- 
corpuscles  are  distmguishablc,  except,  indeed,  at  its  posterior  conical  termina- 
tion. The  intestine  hes  m  a  soft,  finely-granular  parenchyma.  No  water- 
mscular  apparatus  with  vibratile  tags  exists.  At  the  posterior  tfcrd  of  the 
body,  on  the  dorsal  surface  of  tlic  intestine,  a  large  ovary  is  placed,  and  in 
tront  ot  It  a  very  much  smaUer  testis.    Eoth  glands  present  a  mulberry- 
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like  as-greivation  of  rounded  coUs.    The  posterior  portion  of  the  ovary  exliibits 
ova  having  a  germinal  vesicle  and  spot  surrounded  by  a  fine  granular  yelk- 
mass  •  and  one  or  two  ova  are  frequently  seen  separated,  having  a  dehcate 
roloMless  shell  developed  around  them.    The  diameter  of  the  largest  ova 
Pnuals   i-th     The  mature  eggs  He  close  to  the  testes.    Besides  this  distinct 
rrTflle  oJ4n  two  groups  of  spermatozoid-cen.B  seem  present,  lying  apparently 
free  in  the  loose  parenchyma,  and  apparently  without  any  investing  membrane 
or  envelope.    a1  to  their  affinity,  Schultze  makes  no  doubt  that  they  are 
Vermes,  and  belong  to  the  group  of  Tui'bellaria,  considered  as  a  division  of 
the  Cestoidea.    Among  TurbeHaria  they  are  best  placed  with  the  Arhynchia 
includino-  Microstomum  and  DhiophUm.     They  resemble  iV^maioicZ^  and 
MundlMm  in  the  foi-m  of  the  intestinal  canal,  but  are  imhke  these  m  theii- 
fioai:e  their  ciHated  integument,  and  theii-  hermaplu'odite  structui-e. 

The  Ichthydhia  are  inhabitants  of  fresh  water,  hving  among  aquatic  plants 
They  have  a  sluggish,  creeping  gliding  movement,  resembhng  that  of  most 
Tvu-bellaria.  ^^^^^  IL_NOCTILUCIDA. 

(Plate  XXXI.  32-39). 
This  smaU  but  remai-kable  subsection  is  represented  by  only  one  animal, 
the  ^ocS  nalic-is,  which  has  attracted  much  attention  as  one  of  the 
som-ces  of  the  phosphorescence  of  the  sea.    By  several  recent  authors  it 
Cbeen  treated  as  1  near  aUy  of  the  Ciliata,  although  it  must  be  confessed 
to  have  few  outward  indications  of  such  a  relationship  and,  m  oui-  estima- 
tion Ts  a  representative  of  quite  a  different  and  independent  group  of 
■Z     At  first  sio-ht,  a  Noctiluca  appears  a  round  gelatmous  corpuscle 
T^^^\  dires  Sn  o'r  g^^^^^^  at  one  part,  surmoimted  by  a  filamentary  pro- 
ceTo?  LSe    Compared  with  the  CiHated  Protozoa  it  is  of  gigantic  pro- 
cess oi  tentacle  i  diameter.    On  closer  examination  it  is 
CndTo'  Sv™inYet^e"of  two  layers:  the  outer  smooth  and  reticular, 
found  to  nave  dii       °                  density;  the  ianer  a  dehcate,  granular, 
structiu-eless,  and  of                ^  1855,  p.  103)  describes  to  be 
gelatinous  menib^^^^^^^                                 of  reticulations  spreading  fr-om 
m  luiion  at  aU  P""^^"                      e^dent  by  the  action  of  indigo  and  the 
the  central  ^^^^""'^-t^l^l'Z^^^  fibrous  reticulations 
primary  changes  J^J^^^^^f^^^f^^^^^^      together,  and  with  them  the 

.ffou  that  a  new  supply  of  water  had  been  given  before  most  of  these 
mention  tnat  a  ^V^W  /  ,  ,  successful  in  separating  the  two  layere 
^'^T.'lZTy  meaL  rpre^^^^^^^^  steadily  appHed  to  the  animal 

'^''t'^tflrJJlZ^l^l"  The  external  membrane  is  extended  at  one 
^xnder^He  sciew  comp^^^^^^^^^^    which  acts  as  a  locomotive  organ.    It  springs 

2  ed<^e  of  the^SSiIm,  which  is  extended  backwards  mto  a  pha- 
t  Set     Thi'p^^^       or 'tentacle  appeal,  transversely  stnped  and 
Es'slSrt;  of  the  ire  of  those  :f^iJ^-^ 
believes  this  pro^- be  tii^;^-^^^  -fh  ^  :e"colour,  when  iodine 

W   "  d  mSeed  towal  tiie  distal  extremity  ;  and  under  the  mfluence 
has  been  used,  inoceca^  ^^^^  consists  has 

of  indigo  P°^^«^'Jf;X^^^^  and  down  the  interior  of  the  organ,  and  m  he 
S^^TS^^^^^^^^^^^  globides,.dthout  much  impainng  the 
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power  of  motion."  These  appearances  do  not  at  all  convince  us  of  the  tubular 
character  of  the  tentacle  ;  for  they  are  attributable  to  the  difference  of  action 
of  the  chemical  reagents  upon  the  contained  matter  and  upon  its  investment. 
Dr.  Webb  adds — "  I  have  never  perceived  any  tendency  to  restoration  of  the 
lost  part,  nor  any  independent  movement  in  the  detached  fragment.  The 
stump  continues  active,  and  readily  comes  off  at  the  base.  The  point  is  a 
little  flattened.  AVhen  the  animal  is  killed  in  such  a  manner  that  this  organ 
has  free  play,  it  always  shows  a  disposition  to  coil  up  spirally." 

Prof.  Huxley's  comparison  of  the  Noctiluca,  in  figure,  to  a  peach  is  \eij 
good,  and  conveys  a  clear  idea  of  the  relative  position  of  the  external  groove 
and  its  appendages  {J.  M.  S.  1854,  p.  50).  "  One  sui-face,"  he  writes,  "  is  a 
little  excavated  ;  and  a  groove  or  depression  runs  from  one  side  of  the  excava- 
tion, halfway  to  the  other  pole.  Where  the  stalk  of  the  peach  might  be,  a 
filiform  tentacle,  equal  in  length  to  about  the  diameter  of  the  body,  depends 
from  it,  and  exhibits  slow  wavy  motions  when  the  creature  is  ia  full  activity. 
I  have  even  seen  a  Noctiluca  appear  to  push  repeatedly  against  obstacles  with 
this  tentacle."  Behind  the  tentacle  is  a  rounded  or  oval  mouth,  having  a 
harder  margin  extending  from  the  base  of  the  tentacle,  along  its  right  side,  in 
the  form  of  an  elevated  ridge.  This  ridge  has  a  horny  appearance  (although 
Dr.  Webb  declares  it  to  be  of  fibrous  consistence),  and  is  usually  described  as 
sigmoid  in  outline.  About  its  middle  is  a  triple  (tricuspid)  tooth-Hke  eleva- 
tion, composed  of  a  middle,  bifid,  large  portion,  and  a  smaller  one  on  each  side. 
Dr.  Webb  says  that  when  this  tooth  is  "  seen  in  profile,  it  has  the  appear- 
ance of  a  conical  papiUa,  or,  with  a  slight  change  in  the  point  of ,  view,  of  a 
hooked  process  terminating  in  a  sharp  nib.  It  readily  yields  to  pressure  ; 
and  I  have  seen  it  become  shrivelled  up  from  the  use  of  astiingents,  before 
motion  ceased  in  the  cUiiun  and  tentacle ....  The  ridge  may  be  sometimes 
observed  ia  regular  contractile  action.  Corresponding  with  these  contrac- 
tions, I  have  witnessed  a  to-and-fro  motion  of  the  tooth,  as  though  working 
on  an  axis  in  a  direction  towards  the  base  of  the  tentacle.  A  good  illustra- 
tion of  this  performance  is  given  by  bending  the  fore  and  middle  fingers,  and 
flexing  them  on  the  pahn  of  the  hand."  On  the  other  hand.  Prof.  Huxley 
states  that  he  never  observed  any  movement  in  this  tooth-Hke  body. 

The  oral  aperture  opens  into  a  funnel-like  cavity  or  phaiynx,  from  the 
bottom  of  which  a  cUiary  process  extends,  having  a  rapid  undulatory  move- 
ment, and  retractile.  Mr.  Huxley  only  now  and  then  detected  this  cihiun, 
and  states  that  it  is  difficult  of  observation ;  but  Dr.  Webb  says — "  The 
cUium  may  be  found  in  every  instance  in  which  it  is  looked  for  with  a 
quarter-inch  glass,  or  even  with  the  half-inch,  provided  the  creatm-e  is  left 
at  perfect  hberty,  and  is  made  to  move  if  not  in  the  right  position.  It  often 
remains  at  rest  for  some  time,  and  then  from  above  looks  lUce  a  small  bright 
spot  at  the  base  of  the  '  tooth  ; '  or  it  may  occasionally  be  seen  extended  over 
the  S-shaped  ridge,  or  even  the  base  of  the  tentacle.  I  have  many  times 
detected  it  in  motion  from  behind,  through  the  intervening  substance  of  the 
body,  and  have  noticed  it  vibrating  vigorously  long  after  ruptiu'c  of  the 
integument  and  partial  discharge  of  the  contents.  A  Chara-trough,  or  shallow 
concave  cell,  is  most  convenient  for  observations  on  this  part,  as  the  animal 
swims  close  to  the  under  surface  of  the  thin  glass,  and  may  be  made  to  turn 
m  any  direction." 

_  A  minute  oval  apertm-e  is  represented  both  by  Huxley  and  Webb  as  open- 
ing mto  the  funnel-shaped  oral  cavity.  This  last  expands  into  an  alimentary 
space  "  of  veiy  various  form  and  dimensions,  capable  of  groat  dilatation,  and 
presenting  no  distinct  walls,  but  rather  excavated  in  the  central  substance  of 
the  body,  which  is  connected  with  the  parietes  by  numerous  granular  radi- 
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atin-  filamenta  "  (Huxley^ s  Lectures,  Medical  Times  1856,  vol.  xx:dii.  p.  511). 
These  emnSar  filaments  radiate,  from  a  central  portion  which  seems  to 
Lrve  as  a  bond  of  union  and  a  basis  of  support  for  all  the  organs  about  the 
T  .nltt  to  the  inte-ument  in  every  direction  ;  and  probably  the  apparent 
oral  cavity  t°  th™»um  ^^^^-^^  ,f  the  very 

itrtt^natiL^of  tts^^^^^^  as  they  proceed  to  attach  themselves  to 

ff     iXramid  the  meshes  of  this  fibrous  network,  chiefly  towards  the 
,rS%hTNoctiluca  are  more  or  fewer  vacuolar  bodies.    "The  whole 
i2i"al  netwoA  of^  S^^^^^  writes  Dr.  Webb  (op.  cit.  p.  104),  "with 

it  ran^erTn  which  it  invests  the  so-called  vacuoles,  is  most  beautifully 
the  of  iodine.    The  creature  dies  suddenly,  without 

demonsti-ated  by  the  ^ffe^^^^^^^^  ^^^^^^  ^^^^^  i^^o  ^he 

coUapsing.  ^^^^  P'^f '  °' ^  ',^ains  for  a  long  time  a  transparent  ball, 
r^tfdr'vrr;  lectit^byTeTwufibre^ea^^^^  with  the  vWes 
traversea  .  '  reticulation  on  the  surface  sharply  defined. 

thorn  to  be  aUmentary  »ao,^_  ar^we  g^h«  fiom  tan  the  g 

tion  is  constantly  changing,  J,  .  ■,      „_  ore  connected  undergo  a 

jerks,  while  the  fibrous  ^ca'Sy  expel  them 

relative  alteration  in  shape.    Gentle  P^^^^^^^  ^^^^  spontaueously 

through  the  oral  or  anal  aperture  ;  but  I  ^^^^f  ^^^^^^^^  ^ne  instanc'e 
ejected  without  rupture  and  ^^^f,  ^^^^^^  granular  matter, 

where  this  occurred,  and  where  ^^^^^.^^^^^^^^  remained  entire  for 

fragments     ^^—^^''^^^^e  SMeJ  11"^  contents  escaped 
some  time.    When  it  buibt,  tne  memui  ^  polariscope.  I 

states  {op.  cit.  p.  54),  assumes  ^^l^^^''^'^^^^^^^  ^qq..  The  nucleus  may 
upon  by  acetic  acid.  Dr.  Webb  wiutes  (oi^flP-  "-^^  frequently 
be  demonstrated  as  a  nucleated  f T^SeV  around  it.  By 

with  several  simHar  but  smaller  ^^^^^^^.^^f^JX^^^^  and  as  it 

Treful  manipulation  it  may  be  removed  tou^Z^n^j^-^^ye  a  view 
floats  about,  its  tnie  form  is  ^V^Jlf.  Cached  to  it  by  a  ort  of  hour-glass 

membrane  gave  way.'  ,  ^^grstood.  Quatrefages 

The  reproduction  of  the  ^c^tteofa  is  a^  yet  not  ^«  ^  ocess 

and  Krohn,  Prof.  Huxley  informs  us  (oP-  f-^.^^^l^  ^/^^ese  observed  have 
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possible  reproductive  apparatus,  \vliich  I  have  seen,  consisted  of  a  number  of 
granular  vesiculai-  bodies  of  about  ^^th  of  an  inch  in  diameter,  scattered  over 
the  sm-face  of  the  anterior  and  inferior  part  of  the  body."  Dr.  Webb  (oj?. 
at.  p.  105)  has  the  following  observations  on  this  subject : — "  I  have  never 
met  with  a  double  individual,  but  on  one  occasion  witnessed  the  process  of 
division,  mthout,  however,  noting  any  proof  of  its  connexion  with  that  of 
fissiparous  multiplication.  Contractions  of  the  integiunent  took  place  in  such 
a  way  as  to  cut  off  a  globular  mass  from  the  body,  about  one-fourth  of  the 
whole.  The  two  portions  afterwards  retained  their  form,  with  a  puckered 
mark  at  the  point  of  separation.  The  nucleus  was  not  involved  in  this  ope- 
ration, which  occupied  about  two  hours. 

"  It  is  also  a  matter  of  every-day  observation,  that  when  the  body  has 
been  torn  and  nearly  all  the  contents  have  been  lost,  the  animal  continues  to 
live  in  a  deformed  state,  if  the  nucleus  and  central  parts  are  left  together. 
They  acquii-e  a  new  investment ;  or  a  portion  of  the  original  integument 
gathers  up  round  them,  while  the  ragged  shreds  are  cast  off. 

"  When  several  of  these  creatures  have  been  kept  for  some  time  in  still 
water,  it  is  not  imusual  to  find  two  of  them  in  apposition ;  but  I  have  never 
discovered  any  iudications  of  conjunction,  and  look  upon  the  condition  as  one 
of  mere  adhesion.  It  may,  however,  have  given  rise  to  the  mention  of  double 
individuals,  as  the  adhesion  is  tolerably  fli-m.  It  may  easily  be  broken  up 
without  injury  to  either  animal." 

In  the  Joum.  of  Micr.  Science  for  1855,  p.  99,  is  the  translation  of  a  paper 
by  Dr.  Busch  on  the  structirre  and  function  of  Noctiluca,  ru  which  several 
original  observations  are  given  which  appear  to  bear  on  this  question  of  de- 
velopment. There  is,  however,  such  uncertainty  about  them,  and  the  want 
of  confii-matory  evidence,  that  we  deem  it  unnecessary  to  quote  them,  and  must 
therefore  refer  our  readers  to  the  J oumal  cited.  The  fourth  volume  of  the  same 
excellent  periodical  (p.  74)  contains  a  translation  of  a  paper  by  Prof.  Midler, 
from  which  it  appears  that  this  distinguished  naturalist  had  discovered  Nocti- 
luca in  an  encysted  condition.  The  account  he  gives  stands  thus  : — "  These 
encysted  bodies  constituted  the  principal  luminous  animalcules  observed  at 
Messina  in  the  autumn  of  1853.  Free  Noctilucce  at  that  season  were  not 
seen  there ;  and  in  1849  the  same  kind  of  encysted  bodies  were  very  common 
at  Mce.  The  cyst  is  a  perfectly  transparent,  spherical  capsule,  with  a  Light- 
bluish  brilliancy  at  the  edge,  and  appealing  like  the  egg-membrane  of  some 
Cnistacea.  Within  this  cyst  is  lodged  a  body  in  aU  respects  resembling  the 
Noctiluca  miliaris,  except  that  at  this  time  no  vibratUe  filament  can  be  per- 
ceived. The  Noctilwa-like  creature  fills  the  cyst  more  or  less  entirely,  though 
occasionally  it  is  much  smaller.  In  this  condition  the  animalcules  are  lumi- 
nous without  being  agitated.  When  the  cysts  are  examined  under  the 
microscope  in  a  small  quantity  of  sea-water,  in  such  a  way  that  dui-ing  the 
observation  the  saline  contents  are  notably  increased  in  consequence  of  the 
evaporation,  a  moment  speedily  arrives  when  the  Noctiluca-]ike  body  sud- 
denly contracts  itself  within  its  case  into  a  little  nodide  ;  that  is  to  say,  it 
contracts  upon  the  yellowish  granular  nucleus  from  which  the  filamentary 
strings  of  the  interior  proceed.  I  have  noticed  this  vital  phenomenon,  not 
on  one  occasion  only,  but  in  many  of  the  encysted  animalciiles. 

"  The  size  of  the  case  is  usually  from  i "'  to  -l.'".  But  many  are  far  smaller, 
even  down  to  -fL'".  Occasionally  also,  instead  of  a  Noctiluca,  cysts  may  be 
observed,  containing  a  yellow  nucleus  in  diameter  ;  and  once  I  noticed 
a  cyst  T^'"  in  size,  containing,  besides  this  rounded  yellow  nucleus,  quite 
isolated,  an  extremely  minute  Noctihtca-]ike  body.  Of  the  free  Noctilucecn 
taken  near  Heligoland  in  the  autumn,  the  smallest  were        and  the  larger 
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-1^."'  to  in  diameter.  The  common  variety  of  form,  with  a  constriction 
of  the  circumference,  which  is  noticed  in  free  Noctilucce,  and  the  radiating 
filamentary  branching  striae  beset  with  extremely  minute  granules  in  the 
interior,  were  also  characteristic  of  the  encysted  bodies,  which  I  should  he 
more  indisposed  to  separate  from  the  Noctilucce,  from  their  possessing  the 
most  remarkable  luminous  power.  At  present  we  want  the  key  to  these  re- 
remarkable  phenomena,  as  well  as  all  knowledge  of  the  development  and 
course  of  life  of  the  Noctilucce." 

"We  have,  in  our  prefatory  observations  on  this  family,  alluded  to  the 
opinion  of  the  affinity  of  Noctilucida  with  Ciliated  Protozoa.  Prof.  Huxley 
(op.  cit.  p.  54)  has  the  following  notes  on  this  subject: — "Kthe  preceding 
account  be  correct,  it  is  obvious  that  the  animal  is  no  Ehizopod,  but  must  be 
promoted  from  the  lowest  rank  of  the  Protozoa  to  the  highest.  The  exist- 
ence of  a  dental  armature  and  of  a  distinct  anal  aperture,  are  structural 
peculiarities  which  greatly  increase  the  affinity  to  such  forms  as  Colpocla 
and  Paramecium,  indicated  by  Krohn.  Noctiluca  might  be  regarded  as  a 
gigantic  Infusorium  with  the  grooved  body  of  Colpoda,  the  long  process  of 
Trachelius,  and  the  dental  armature  of  Nassula  united  in  one  animal. 

"  On  the  other  hand,  the  general  absence  of  cilia  over  the  body,  and  the 
wide  differences  in  detail,  would  require  the  constitution  of  at  least  a  distinct 
family  for  this  singular  creature." 

To  our  apprehension  there  is  no  homology  between  the  dental  armature  of 
Noctiluca  and  of  Nassula.  In  the  latter,  the  so-called  teeth  appear  to  be 
nothing  more  than  hardened  folds  of  the  membranous  tube  of  the  oesophagus, 
which  may  disappear  by  distension, — whilst  in  Noctiluca  it  is  the  condensed 
uncinate  margin  of  the  oral  cavity  on  one  side  which  constitutes  the  dental 
apparatus.  Again,  as  to  the  presence  of  a  distinct  anal  aperture,  this  cer- 
tainly establishes  no  other  aflnity  with  the  higher  Ciliata  than  it  does  with 
any  other  microscopic  animalcules  which  possess  such  an  outlet.  On  the 
contrary,  there  is  force  in  the  particulars  mentioned  as  opposed  to  their  re- 
lation with  the  Ciliata,  viz.  "  the  general  absence  of  cilia,  and  the  wide  differ- 
ences in  detaH;"  for  cilia  either  diffused  over  the  body,  or  coUected  into 
groups  to  form  a  special  ciliary  organ,  are,  when  taken  in  connexion  with 
the  peculiar  internal  organization,  so  very  characteristic  that  no  microscopist, 
unbiassed  by  imagination,  would  reckon  Noctiluca  among  Ciliata.  In  further 
opposition  to  the  notion  of  such  an  affinity,  it  may  be  ui'ged  that  Noctiluca  is 
destitute  of  a  ciliated  contractile  oesophagus,  and  of  a  contractile  vesicle, 
that  it  does  not  produce  vacuoles  in  the  introduction  and  transmission  of  food, 
and  that  its  so-called  vacuoles  appear  to  be  actual  closed  sacs,  separable  from 
the  body.  Other  distinctive  peculiarities  between  the  two  might  be  ad- 
duced; but  we  think  that,  on  reflection  and  a  comparison  between  them,  ob- 
servers will  agree  with  us  that  Noctiluca  is  not  a  member  of  the  Ciliated 
Protozoa,  that  it  cannot  be  included  among  them  as  a  new  family,  but  must 
be  placed  in  some  other  class  of  animalcules,  or  of  itself  form  the  representa- 
tive of  a  new  class.  „  ,  ,  .  j.  v  -u 
The  Noctilucida  are  inhabitants  of  the  ocean,  of  the  luminosity  ot  which 
they  seem  to  be  the  most  potent  cause,  of  the  many  which  have  been 
found  in  operation.  They  occur  in  the  British  seas,  as  weU  as  elsewhere, 
floating  on  the  sm-face  of  the  water.  Mr.  Byerly,  of  Liverpool,  noticed 
their  prevalence  in  such  numbers  that  the  water  acqiured  a  rose-colour ; 
and  Dr  Webb  (op.  cit.  p.  102)  intimates  that  their  luminosity  must  depend 
on  some  peculiar  condition  of  theii-  organs,  or  the  media  acting  upon  them. 
This  supposition  is  analogous  to  that  made  by  Ehrenberg  respecting  the 
phosphorescence  of  the  Periclinicea,  which  he  beUeved  to  be  due  to  what  he 
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termed  the  "  ovaries,"  or  the  masses  of  brownish-red  matter  which  sometimes 
nearly  fill  the  interior.  Perhaps  the  brown  granular  matter  which  at  times 
accumulates  in  and  about  the  nucleus  of  Nocliluca,  and  which  is  probably 
related  to  the  reproductive  function,  is  the  luminous  material  in  this  ani- 
mal ;  and  there  is  nothing  contrary  to  analogy  in  supposing  the  development 
of  phosphorescence  to  be  associated  with  a  particular  period  of  vital  activitj^ 
but  rather  eveiything  in  its  favour.  The  followiug  valuable  note  on  the 
collection  of  specimens  occurs  ra  Dr.  "Webb's  excellent  paper  {op.  cit.  p.  102) : 
— "As  a  caution  to  those  who  may  undertake  the  further  examination,  I  may 
state  that  the  buoyancy  of  the  NocUluca  is  such  as  to  bring  it  to  the  surface 
of  tranquil  water  without  any  apparent  effort,  and  that  the  best  way  to 
effect  its  capture  is,  not  as  is  most  frequently  done,  to  use  the  musHn  net,  by 
which  means  the  greater  number  of  the  creatures  are  lost  or  destroyed,  but 
to  skim  the  top,  and  especially  those  parts  near  the  sides  of  the  vessel  in 
which  the  water  has  been  standing.  If  removed  in  this  way,  and  kept  by 
themselves  in  a  test-tube,  they  may  be  preserved  for  two  or  three  weeks 
without  a  fresh  supply  of  water.  Even  at  the  end  of  that  time,  if  they  die, 
it  does  not  appear  to  be  from  having  reached  the  natural  term  of  their  ex- 
istence, but  as  the  result  of  some  accidental  cause ;  they  wiU  not,  however, 
bear  caniage  to  any  great  distance  m  closed  vessels." 

We  gather  the  following  hints  for  the  capture  of  Noctilucida  from  a  paper 
by  Col.  Baddeley  {T.  M.  S.  1858,  p.  79)  :—"  Attach,"  he  says,  "  a  fine  muslin 
net  to  the  end  of  a  light  pole,  and  proceed  to  some  spot  where  the  Noctilu- 
cida are  likely  to  be  driven.  A  breakwater  which  causes  an  eddy  to  collect 
Medusce,  &c.  generally  yields  a  good  harvest.  Skim  the  surface,  and  wash 
the  net  repeatedly  in  a  can  of  salt  water.  At  night  these  creatures  are  easUy 
seen  by  theu'  luminosity  ;  by  day,  if  plentiful,  they  cover  the  sui'face  of  the 
sea  in  brownish  streaks ....  The  best  winds  in  which  to  cajitiu'e  these  crea- 
tures appear  to  be  those  from  south  to  west ;  duiing  their  prevalence,  I 
have  taken  Noctiluctx  every  month  of  the  year  on  the  east  coast  of  England ; 
but  it  is  during  the  summer  months  they  are  most  abimdant,  and  during 
calm  weather.  Abroad,  they  are  constantly  to  be  met  with  in  warm  lati- 
tudes ;  and  I  feel  confident  some  interesting  results  might  be  obtained  by 
securing  these  creatures  in  various  parts  of  the  world."  In  conclusion  he 
refers  to  the  Diatomece  which  are  so  commonly  foiind  in  considerable  quantities 
in  their  interior. 

FAMILY  III.— DYSTERIA. 
(Plate  XXXI.  Figs.  24-27.) 

Dysteria,  which  is  clearly  the  type  of  a  new  family  of  animalcules,  was  so 
named  by  Prof.  Huxley  in  honour  of  its  discoverer,  Mr.  Dyster.  Although 
its  exact  systematic  position  and  affinity  are  not  agreed  upon,  it  certainly 
occupies  a  position  in  the  zoological  scale  above  the  CUiata,  if  it  does  not 
rightly  take  its  place,  as  Mr.  Gosse  contends,  among  the  Rotatoria. 

As  we  have  unfortunately  no  Imowledge,  personally,  of  this  interesting 
bemg ;  we  must  avail  ourselves  of  the  excellent  description  afforded  by  Prof, 
Huxley  (  J  M  S.  1857,  p.  78),  and  of  the  critical  examination  of  its  affinities 
furnished  by  Mr.  Gosse  {ibid.  p.  138). 

"  Dysteria  armuta  has  an  oval  body,  ^th  to  ^th  of  an  inch  long,  by 
400*^  to  ^th  broad,  Avhich  is  not  altogether  symmetrical— the  one  side 
presenting  a  considerable  evenly-rounded  convexity,  while  the  other,  less 
prominent,  is  divided  by  an  angulatcd  longitudinal  ridge  into  a  smaller, 
dorsal,  and  a  larger,  ventral  area.    The  edges  of  both  lateral  surfaces  ai-e 
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shai-p  and  thin ;  dorsally  tliey  are  separated  by  a  shallow  groove  ;  but  along 
the  ventral  line  of  the  body  the  groove  is  deep  and  narrow,  and  the  produced 
edn-es  of  the  lateral  parietes  resemble  the  valves  of  a  bivalve  sheU. 

<'  The  ventral  and  dorsal  grooves  pass  into  one  another  m  front ;  but  pos- 
teriorly the  lateral  edges  are  united  for  a  short  space.  The  edge  of  the  lett, 
less  convex,  side  of  the  body  ends  anteriorly  in  an  obtuse  pomt,  which  cor- 
responds with  the  anterior  termination  of  the  angulated  ndge,  and  does  not 
extend  by  any  means  so  far  forward  as  the  edge  of  the  nght  side,  which  re- 
mains thin,  and  forms  the  anterior  extremity  of  the  body.       .    ^  ,  , 

"  At  the  anterior  extremity,  the  large  oral  apertui-e  is  seen,  just  below  the 
angulated  ridge,  and  occupying  the  bottom  of  a  deep  ^^^"f  1,^*^^'^ 
the  place  of  the  dorsal  and  ventral  grooves.  The  left  wall  of  this  fossa  is 
thickened,  and  projects  inwards  so  as  to  form  a  cushion-bie  lobe,  clothed 
with  remarkably  long  cilia  ;  and  these  ciHa  are  continued  into  the  oral  aper- 
ture itself,-the  posterior  ones  being  large,  usuaUy  directed  transversely  to 
the  axis  of  the  body,  and  having  at  times  much  the  appearance  of  vibratile 

'^"'^Sottom  of  the  oral  fossa  is  strengthened  by  a  curious  euired  rod, 
which  terminates  superiorly  in  a  bifid  tooth,  while  mfenorly  it  appears  to 
become  lost  in  the  wall  of  the  fossa.  _      .  ,  , , 

"But  there  is  a  much  more  prominent  and  easHy  distmgmshable  appa^^^^^ 
of  hard  parts  situated  on  the  opposite  or  ventral  side  of  the  mouth,  and  ex- 
fenZg  thence  thi-ough  two-thiiiis  of  the  length  of  the  body.  It  counts  of 
two  portions-an  anterior,  somewhat  rounded  mass,  in  apposition  with  a 
much  elongated,  styliform,  posterior  portion.  .      ,     ^       p  , ,  „^+„ 

^<  It  s  veiT  dkcult  to  assui-e  oneself  of  the  precise  structure  of  the  ante- 
rior portion  ;\ut  it  would  seem  to  be  a  deep  ring,  composed  of  hree  p^ce^- 

a  clJar  median  space,  the  optical  expression  either  of  a  perforation  or  of  a 
T^e  TXrio^       of  each  supero -lateral  piece  is  nearly  sti-aight ;  but  the 

tn-ncated,  so  as  to  present  a  sort  of  ^Mead  -"e  /te/^S, "ftts 

doOTwaids  aad  having^  „        mechanism  is  directed  upwards  and 

SSSta  — S  in  ?hc  snbstanee  of  the  body  ,nthout  any  appa.-ent 
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the  anterior ;  and  the  heads  of  the  styles  come  into  contact  with  the  posterior 
convex  edges  of  the  supero-lateral  pieces,  and  push  them  forwards ;  the 
posterior  portion  is  then  retracted,  and  the  whole  apparatiis  returns  to  its 
previous  arrangement. 

"  In  one  Dysteria,  which  had  swallowed  a  filament  of  Oscillatoria  so  long 
that  the  one  extremity  projected  from  the  mouth  when  the  other  was  as  far 
back  in  the  body  as  it  could  go,  these  movements  took  place  as  many  as 
twenty  times  in  a  minute. 

"  Mr.  Dyster  fm-ther  informs  me  that  in  one  of  these  animals  which  he 
saw  feed,  the  frond  of  Oscillatoria  was  rather  '  swum  upon '  than  seized — 
ingestion  being  accomplished  by  a  smooth  ghding  motion,  apparently  without 
displacement  of  the  styles, — but  that,  when  the  act  was  completed,  the  styles 
*  gave  a  kind  of  snap  and  moved  shghtly  forwards.' 

"  Mr.  Dyster  is  inclined  to  think  that  the  Oscillatoria  passed  througli  the 
anterior  ling-like  portion  of  the  apparatus.  I  have  not  seen  the  animal  feed, 
but,  on  stinctural  grounds,  I  should  rather  have  been  inclined  to  place 
the  oral  aperture  at,  and  to  suppose  that  the  food  would  pass  above,  the 
anterior  ring.  The  apparatus  is  destroyed  by  caustic  potash,  but  remains 
unaltered  on  the  addition  of  acetic  acid ;  it  is  therefore  probably  entirely 
composed  of  animal  matter. 

^  "  Immediately  above  the  annular  portion  of  the  apparatus,  there  is  inva- 
riably present  a  remarkable  amethyst- coloured  globule,  apparently  composed 
of  a  homogeneous  fluid.  It  has  on  an  average  a  diameter  of  -jmru 
it  is  entirely  lodged  in  the  more  convex  portion  of  the  body.  In  many  spe- 
cimens no  other  coloui-ing  matter  than  this  can  be  detected ;  but  in  some, 
minute  granules  (y^;^  in.)  of  a  similar  colour  axe  scattered  through  the 
body.  "What  connexion  these  have  with  the  large  constant  globule  is  not 
clear,  since,  although  the  dimensions  of  the  latter  vary  from  the  size  given 
above  to  one-fourth  or  less,  no  relation  could  be  observed  between  this 
diminution  and  the  presence  of  the  granules  in  other  parts  of  the  body. 

"  Behind  the  amethystine  globule,  the  substance  of  the  body  has  the  ap- 
pearance, common  to  the  Infusoria  generally,  of  a  mass  of  '  sarcode,'  in 
which  the  ingested  matters  are  imbedded,  and  no  clear  evidence  could  be 
obtained  of  the  existence  of  any  digestive  cavity  with  distinct  walls. 

little  behind  the  middle  of  the  body,  and  towards  its  ventral  edge, 
there  is  a  clear  spheroidal  '  contractile  space/  which  varies  a  good  deal  in 
size.  One  measured  jsVu*^  of  i^ich  in  diameter,  and  became  entirely 
obhterated  in  the  contracted  state. 

"  The  contractions  are  not  rhythmical,  but  take  place  irregularly.  On  the 
approach  of  death,  the  space  becomes  uTegularly  and  enormously  enlarged, 
until  it  occupies  perhaps  a  third  of  the  whole  contents  of  the  body. 

"  Immediately  beyond  the  contractile  space  there  is  a  cuiious  oval  body 
having  Its  long  axis  in.)  directed  upwards,  and  containing  a  compara- 

tively smaU  central  cavity,  so  that  it  appears  lilce  a  thick-waUed  sac 

"Inchcations  strongly  suggestive  of  an  inferior  opening  were  sometimes 
observed  m  this  body  ;  but  no  demonstrative  evidence  of  the  existence  of  any 
such  aperture  could  be  obtained. 

"  The  walls  of  the  ventral  groove  are  provided  with  long  and  powerful 
ciha— a  remarkably  strong  one  being  attached  behind  the  base  of  tlie 
appendage;  and  by  their  means  the  animal,  when  free,  is  propeUed  at 
no  very  rapid  rate  through  the  water.  Its  more  usual  habit,  however,  is 
to  remain  fixed  by  means  of  the  pccuHar  appendage  ;  and  then  the  ciUa  act 
merely  in  creatmg  ciu-rents,  by  which  nutritive  matters  are  brought  towards 
the  mouth. 
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"  The  appendage  referred  to  is  attached  to  the  surface  of  the  body,  rather 
towards  the  convex  side,  at  the  bottom  of  the  ventral  groove,  and  is  distant 
about  one-fifth  of  the  whole  length  from  the  posterior  extremity.  It  is 
1  th  to  1  th  of  an  inch  in  length,  and  is  not  altogether  imlike  a  boot 
mth  a  veiy  pointed  toe  in  shape;  and  the  toe  appears  to  be  viscid  at  its 
extremity,  so  as  readily  to  adhere  to  any  foreign  object.  The  appendage 
then  foi-ms  a  pivot  on  which  the  whole  body  turns  about ;  and  this  appears  to 
be  the  habitual  and  favourite  position  of  the  Dysteria. 

"  Internally,  the  appendage  contains  a  canal,  wider  above  than  below,  and 
apparently  blind  at  each  extremity. 

"  No  '  nucleus '  could  be  found,  though  carefdly  sought  for  with  the  aid 

of  acetic  acid.  .  . 

"  The  occurrence  of  transverse  fission  was  noticed  very  distmctly  in  one 
case  ;  but  it  is  remarkable  that,  notwithstanding  the  great  number  of  speci- 
mens which  were  observed,  no  other  instance  of  this  mode  of  multiplication 
came  imder  the  notice  of  Mr.  Dyster  or  myself.  It  would  appear  that  the 
'  apparatus'  disappears,  and  is  reproduced  duiing  fission;  for,  in  the  smgie 
case  observed,  mere  rudiments  of  it  were  to  be  seen  in  each  half  ot  the 
strongly-constricted  mass.  ,  j    i.t,  -u 

"Dysteria  has  not  hitherto  been  observed  to  become  encysted,  although 
this  condition  has  been  carefully  sought  for.  ^.  .  ii„ 

"  The  creatiu-e  was  found  in  swarms  among  the  Algae,  coatmg  the  sheUs 
of  a  Patella  and  a  lAttori^ia  which  had  long  inhabited  a  marme  viyanum 

"  There  can  "  (p  82)  "  be  little  doubt  as  to  the  tnie  systematic  position 
of  Dusteria.  The  absence,  in  an  animal  wHch  takes  solid  nutrunent,  of  an 
ahmentaiT  canal  with  distinct  walls,  united  with  the  presence  of  a  contrac- 
tUe  vesicle,  with  the  power  of  transverse  fission  and  ^th  c  Ja  as  locomota^ve 
organs,  is  a  combination  of  characters  found  only  m  the  Infasra-ia  In  this 
class,  again,  the  existence  of  a  sort  of  sheE  or  lorica,  constituted  by  the 
s  Stufeless  outer  layer  of  the  body;  the  presence  of  a  submarginal  ciliate^ 
g™ around  a  large  part  of  the  margins  of  the  body  ;  and  the  mequah^ 
S  the  two  lateral  halves,  leave  no  alternative  save  that  of  aiTangmg  Dysterra 
near  or  in  the  Euplota  of  Ehrenberg.  ,  ^  .   .        •  7. 

"IndTed,therf  is  one  species  fignred  m,enhevg  {Infus^onstk^ercne^^^ 
480  nl  42  fig.  14),  Ewplotes  macrostylus,  found  at  Wismar  on  the  Jialtic, 
which,'in  geneill  aspect^and  in  the  possession  of  a  foot-hke  appendage 
To  clo  ely  resembles  the  present  form,  that,  were  it  not  for  the  absen  e  of 
any  allusin  to  the  amethystine  globule,  or  to  the  '  apparaW  l^^^^^^ 
strongly  inclined  to  think  it  identical  with  Dysteria.  That  an  mterna^ 
a3Se  is  not  inconsistent  with  the  general  plan  of  the  Euplota,  is  shown 
ITcMamidodon,  whose  apparatus  of  styles  would  probably  repay  re-exanu- 

""^^  Notwithstanding  certain  analogies  which  might  be  t^;.^^^^^,^" 

tween  the  manducatoiy  apparatus  of  some  Kotifera  (see,  e.g.t^^atoi  Fvrcn- 

Inrin  marina  figured  by  Mr.  Gosse,  in  his  exceUent  memon,  Fhil.  li  am. 

isle)  anrtheTpparaL '  of  Dysteria,  1  see  no  grounds  for  regarding  the 

latter  as  in  any  way  an  annectant  form  between  these  groups. 

^''S.  Gosse  .Assents  from  this  conclusion  of  Prof.  H-^f^ 

connexion  with  Eicplota,  and  considers  it  a  member  of  the  family  Mo^wcer 

cadece  among  the  Botifera.  „      -,oq\  »  ■nii-^tfria  to  be  an  In- 

"  Presuming,"  he  says  {J.  M.  S.  1857,  p.  138),  ^V^^'^^^'t.^UZ  .y,^ 
i.^..STTSmt  bo  a  species  mi  genets,  with  no  close  affinity  with  the 
T  fT/f  animal  whose  soft  parts  are  enclosed  between  two  deeply- 
Xr-sed  vats™  which  crawl^  by  the  aid  of  a  hinged  sheUy  foot,  is 
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widely  different  from  one  greatly  depressed,  covered  with  a  dorsal  plate,  and 
whose  organs  of  locomotion  are  short  flexible  setae  scattered  over  the  soft 
venti'al  surface. 

"  But  I  am  by  no  means  sure  that  it  should  be  placed  among  the  Infusoria 
at  all.  Mr.  Huxley  obsez-ves  that  'the  absence,  in  an  animal  which  takes 
solid  nutriment,  of  an  alimentary  canal  with  distinct  walls,  united  with  the 
presence  of  a  contractile  vesicle,  with  the  power  of  transverse  fission,  and 
with  cilia  as  locomotive  organs,  is  a  combination  of  characters  found  only  in 
the  Infusoria. 

"  Now  the  presence  of  a  contractile  vesicle,  and  of  locomotive  cilia,  are 
quite  as  characteristic  of  the  Eotifera  as  of  the  Infusoria.  The  absence  of 
an  aUmentary  canal  is,  I  think,  not  proved :  it  seemed  to  me  that  the  animal 
possessed  a  defined  digestive  cavity,  though  very  ample.  In  Sacculus — an 
indubitable  Botiferon,  which  carries  its  large  eggs  in  the  manner  of  a  Bra- 
chionus — the  alimentary  canal,  without  apparent  distinction  of  stomach  and 
intestine,  is  so  large  that  it  occupies  fully  five-sixths  of  the  whole  volume  of 
the  lorica  ;  and  though  it  is  invariably  found  filled  with  a  green  Alga,  on 
which  the  animal  feeds,  the  walls  of  the  digestive  cavity  are  not  better  defined 
than  in  Dysteria.  There  remains,  then,  only  the  fact  of  increase  by  trans- 
verse fission.  This,  I  confess,  is  a  strong  point,  if  weU  established.  But  it 
does  not  seem  certain,  from  Mr.  Huxley's  words,  whether  he  witnessed  the 
progress  of  constriction  from  an  early  stage  until  two  perfect  animals  were 
formed  out  of  one,  or  only  saw  an  individual  so  strongly  constricted  that  the 
result  seemed  legitimately  inferable.  If  the  latter  was  the  case,  is  it  not  just 
possible  that  it  was  an  example,  not  of  spontaneous  fission,  but  of  malforma- 
tion, instances  of  which  are  frequent  among  the  highest  animals  ?  It  is  highly 
worthy  of  note  that  the  nucleus,  so  characteristic  of  the  Infusoria,  was  not 
found,  even  under  careful  search  with  acetic  acid. 

"  The  presence,  position,  and  movements  of  the  foot,  hinged  as  it  is  upon 
a  tubercle,  and  the  form  of  the  principal  organs  of  manducation,  seem  to  me 
to  determine  the  place  of  Dysteria  within  the  class  Eotifera  ;  while,  at  the 
same  time,  the  lack  of  internal  motion,  the  apparent  want  of  distinct  muscle- 
bands,  the  great  extent  of  the  vibratory  cilia,  and  the  absence  of  a  rotatory 
arrangement,  show  that  it  occupies  one  of  the  vanishing  points  of  the  class." 

Mr.  Gosse  next  proceeds  to  examine  to  which  group  of  Eotatoria  it  ap- 
proaches most  nearly,  and  concludes,  as  above  intimated,  that  it  ought  to 
have  a  place  in  the  family  Monocercadeo},  represented  by  the  genera  Mono- 
cerca  and  Mastigocerca,  although,  at  the  same  time,  a  very  aberrant  genus. 
He  adds  "  that  it  has  also  remote  relations  with  the  Salpinadce,  and  especially 
with  the  Coluridce  (through  Monura)  ;  and  that  it  is  an  annectant  form  be- 
tween the  Eotifera  and  the  Infusoria  (i.  e.  the  Ciliata),  Avith  a  preponderance 
of  the  characters  of  the  former  class." 
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Sect.  IV.— OP  THE  ROTATORIA  OR  ROTIFERA. 

(Plates  XXXII.-XL.). 

Genebal  Chaeacteks. — Symmetrical  animals,  having  a  distinct  head  and 
body ;  the  former  sui-moimted  by  a  wi-eath  of  cilia,  the  latter  presenting 
transverse  folds  or  joiats,  with  a  simple  alimentary  canal  and  internal  maxil- 
lary apparatus ;  a  muscular  and  a  water-vascular  system ;  nerves  and  nervous 
gangUa,  but  not  arranged  in  a  symmetrical  chain  ;  reproductive  organs  sepa- 
rate in  opposite  sexes  ;  and  propagation  without  imdergomg  actual  metamor- 
phosis, by  ova  of  two  forms.  The  Eotatoria,  moreover,  are  destitute  of  hmbs 
in  pairs,  but  have  mostly  the  posterior  extremity  of  the  body  produced  as  a 
powerful,  although  a  symmetrical,  organ  of  locomotion,  m  wHch  a  transverse 
articulation  is  particularly  evident.  _  ,        ■        a  a 

This  is  a  very  natiu^al  group  of  animals,— its  chai-acters  being  detmite,  and 
readUy  recognized  by  reason  of  the  comparatively  large  size  and  transparency 
of  the  oro-anisms.  The  name  Rotatoria,  sometimes  exchanged  for  Botifera, 
is  derived  from  the  apparent  whirling  or  wheel  (ro<a)-like  motion  of  the 
ciHary  wreath  around  the  head,  seen  m  most  species.  Since  this  rotary 
movement  is  not  imiversal,  and  at  best  but  an  ocular  _  deception  some  ob- 
servers have  been  discontent  with  the  appeHations  derived  therefrom ;  and 
Duiardin,  for  one,  has  suggested  as  preferable  the  term  '  Sysioltdes  &s 
in^cativeof  the  remarkable  contractHe  and  flexible  nature  of  their  bodies 
They  are  also  still  spoken  of  imder  the  old  name  of  '  wheel-ammalcnles  ; 
indeed  the  early  observers  of  the  class  actuaUy  behoved  the  animals  to  be 
furnished  with  wheels,  by  the  rotation  of  wHch  they  moved 

ExTEBNAi  EoEM,  Intectkent,  AND  APPENDAGES. -The  Eotif era  are  symme- 
trical and  in  this  respect  contrast  with  the  asymmetrical  Protozoa.  They 
mesent  a  detenninable  dorsal  and  abdominal  surface,  and  consequently  a  right 
and  a  left  side.  They  have  an  oblong,  ovoid,  or  much-elongated  figure,  and 
are  mostly  separable,  by  the  presence  of  a  constriction  more  or  less  developed, 
Lto  an  anterior  segment  or  head,  and  a  larger  posterior  one  or  trunk.  The 
^tension  of  the  latter  in  a  tail-like  fashion  may  be  regarded  as  a  third  seg- 
ment The  constriction  or  narrower  portion  behmd  the  head  is  frequently 
Sed  the  neck  ;  this  is  wanting  in  many  cases,  and  then  the  head  is  undistjn- 
Sable  from  the  trimk  as  a  distinct  section,  g.  m  Mtommata  Mynneko 
S  the  contraay,  the  separation  of  the  head  from  the  tnmk  is  well  seen  m 
BraS^ionus  (MX.  15-18;  XL.  11),  ^^tephanops  {^  S^^^^^^ 
fxXXIX.  4),  Noteus  (XXXYIII.  25),  and  Mehcerta  (XXXVII  1,).  The 
irtic^iation  of  the  taH-like  segment  is  always  evident.  In  a  certam  number 
?Hs  prlngation  is  wanting  ;Vd  the  animal  is  then  tadless,-..  Anura. 
rXXXY  495-498)  and  fi'accw7z<5  (XXXIA.  18).  ,   ,  i.T>i.+™„ 

^^achitate  the  Recognition  of  the  general  divisions  of  the  body  of  Rotatma 
oonsidered  as  bHateral  symmetrical  animals,  Mr  Gosse  furms  ies  the  following 
consicierea  ab  u  j  bilateral  organization  is,  he  ob- 

remarks  (P/nl  ^[^^^^i/SiS  _the  motions  of  the  animal,  like  those  of  the 
serves,  m  most  cases    oD^o    >  ^^^^  ^^^^  foremost. 

Sris"c- (i^^^^^  those  genera  .kh,  either  .dth  or  with- 
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out  au  enveloping  tube,  adhere  to  foreign  substances  by  the  tip  of  the  foot, 
and  elevate  the  body  in  an  erect  position),  the  dorsal  aspect  is  always  deter- 
minable by  the  eye  or  eyes  being  towards  that  sui'face,  by  the  stomach  and 
intestine  passing  down  it,  and  by  the  cloaca  being  on  that  side  of  the  foot. 
The  ventral  aspect  has  the  manducatoiy  apparatus  and  the  ovary." 

But,  besides  these  great  divisions,  aU  the  Rotifera  exhibit  transverse  Unes, 
folds,  or  joints,  analogous  to  those  seen  in  the  Articulata,  especially  among 
the  Crustacea,  such  as  the  lobster  and  shrimp.  Mostly,  such  are  but  folds  or 
wrinkles,  and  not  true  articulations,  in  the  Eotatoria  (though  perhaps  as  much 
so  as  the  like  in  the  lai'vas  of  many  insects),  and  consequently  disappear  on 
the  extension  of  the  animals.  However,  in  not  a  few  instances,  veritable 
articulations  occur, — e.  g.  Hydatina,  Rotifer,  Eosj)liora,  Philodina  (XXXYIII. 
1,  2).  In  Euchlanis  dilatata,  writes  Ehrenberg,  the  abdominal  surface  pre- 
sents four  decided  articulations.  The  minimimi  development  of  the  articulate 
condition  occurs  in  those  genera  the  most  removed  from  the  Rotatoria!  type, 
viz.  in  Stephanoceros  (XXXVII.  1),  Ladnularia  (XXXVII.  19),  and  some 
anomalous  Notommata  (XXXYIII.  28),  which  only  present  fine  lines  under 
the  surface,  looking  like  annular  threads.  The  construction  of  the  joints  is 
peculiar,  one  portion  or  segment  sliding  within  another  after  the  manner  of 
the  tubes  of  a  telescope.  This  telescopic  action  is  best  illustrated  in  the 
genus  Philodina,  where  the  entire  body  is  fusiform  and  articulated ;  but  it  is 
oftentimes  to  be  seen  also  in  the  tail-process,  when  absent  or  imperfect  in 
the  rest  of  the  body, — e.  g.  Brachionus,  Noteus  (XXXYIII.  25),  Stephanops 
(XL.  8-10),  Scaridium  (XXXYIII.  22).  An  incomplete  articulation,  or 
mere  wrinkling,  is  seen  in  the  pedicle  of  Megalotrocha,  Melicerta,  and  Ladnu- 
laria (XXXVII.  17-19). 

AU  the  Rotatoria  are  invested  by  a  firm,  usually  smooth  and  elastic, 
integument  or  skin,  which  foUows  the  contained  parenchyma  in  all  its  con- 
tractions, accommodating  itself  to  the  various  movements  of  the  body.  It  is 
more  delicate  on  the  head,  where  the  ciHa  are  inserted,  and  there  becomes 
continuous  with  the  membrane  of  the  interior.  It  is  composed  of  two  layers 
— an  external,  the  cutide,  and  an  inner,  immediately  subjacent,  the  dermis 
(XXXYIII.  26).  Where  the  structure  is  not  evident,  it  may  be  rendered  so 
by  the  use  of  chromic  acid.  The  cutide  is  homogeneous,  structureless,  and 
firmer  than  the  dermis,  which  is  soft,  granular,  and  contains  in  its  thickness 
numerous  fat-globules  and  nucleated  particles  (XXXVII.  29).  The  latter 
tissue  acts  as  a  lining  to  the  general  cavity  of  the  body,  and  gives  attachment 
to  the  muscular  cords  of  the  interior.  It  is  much  developed  about  the  head, 
beneath  the  vibratile  ciliary  apparatus,  and  there  sends  inwards  numerous 
projections  or  lobes  (XL.  2),  which  Ehrenberg  assirmed  to  be  of  a  muscular 
nature,  and  to  be  permeated  by  vessels  and  nerves.  At  other  parts  also, 
delicate  fibres  or  threads  are  seen  to  pass  inwards  from  the  dei->nis  to  the 
viscera  sustaining  and  connecting  them  together.  These  fibres  have  some- 
times been  described  as  muscles,  at  other  times  as  nerves.  The  former  is 
apparently  their  true  nature,  although,  as  Cohn  beUeves,  nerve-fibres  may  be 
mixed  among  them. 

The  integument  is  histologically,  i.  e.  in  its  anatomical  nature,  a  connective 
tissue  derived  from  the  coalescence  of  branching  cells,  and  stiU  presents  in 
its  mnor  layer  the  scattered  nuclei  of  the  original  cells,  in  the  form  of  the 
nucleated  particles  dcscnbcd.  Where  the  dermis  is  much  developed,  its  soft 
tissue  becomes  here  and  there  hoUowed  out  into  clear  spaces  or  vacuoles, 
which  have  be«i  mistaken  for  nerve-ganglions,  especiaUy  when  situated  in 
the  head  (XXXVII.  29).  So,  again,  at  the  posterior  part  of  the  body, 
behind  the  viscera,  and  in  its  prolongation  or  foot-process,  where  the  dermic 
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tissue  abounds,  the  vacuolar  thickenings  have  been  conceived  to  represent 
ganglions  or,  otherwise,  glands. 

The  cuticle,  or  external  limiting  membrane  of  the  iategument,  is  hardened 
by  the  deposition  in  it  of  the  peculiar  chemical  principle  chitine,  the  same 
which  imparts  firmness  to  the  covering  of  Entomostraca,  Insects,  and  other 
Articvdata  ;  or  if  not  actually  chitine,  it  is  a  substance  closely  allied  thereto. 
This  is  Leydig's  opinion,  and  it  seems  sufficiently  confirmed  by  the  reaction 
of  chemical  agents.  Thus,  he  shows  that  caustic  alkali  (potash)  does  not  dis- 
solve the  cuticle  when  it  possesses,  as  it  usually  does,  moderate  firmness,  in 
other  words,  when  an  infusion  of  chitine  exists  in  its  substance.  But  when 
the  animal  lives  within  an  external  case,  and  does  not  need  the  protection  of 
an  immediately  investing  skeleton,  the  chitine  is  absent,  and  the  integument 
dissolves  in  the  alkali.  The  analog-ue  of  this  may  be  found  among  the 
Articiilata. 

The  prevalent  opinion  has  been,  that  the  dense  cuticle  or  external  skeleton 
of  Kotifera  differed  from  that  of  the  Crustacea  and  other  Articulata  in  not 
being  of  a  chitinous  natiu'e ;  and  this  hypothesis  was  used  in  arguments 
relative  to  the  affinities  of  the  Hotatoria.  Thus  Kaufmann  advances  it  as  a 
decided  distinction  between  this  class  and  the  Tardigrada ;  but,  as  Leydig 
remarks,  the  skin  of  the  latter  animals  is  even  more  affected  by  potash  than 
that  of  the  Eotifera  {see  section  on  the  Affinities  of  Kotatoria). 

The  cuticle,  as  just  intimated,  differs  much  in  firmness  and  thickness  m 
different  species.  It  is  softest  ia  those  which  live  in  an  external  case— e.  g. 
Stephanoceros,  Melicerta,  Tubicolaria— and  in  such  as  are  invested  by_  a 
gelatinous  sheath — e.  g.  Notommata  centrv.ra.  In  Diglena,  Notommata  aunta 
(XXXVI  3,  4),  Asplanchna,  and  others,  it  is  firmer,  but  stiU  flexible; 
whilst  in  such  genera  as  Brachionus  (XXXIX.  16,  17,  21),  Noteus,  Salpina, 
and  Euchlanis  (XXXIX.  4)  it  attains  a  rigid,  homy  consistence,  resembhiig 
that  of  the  shells  of  Entomostraca.  Even  where  the  skin  is  of  considerable 
firmness,  it  is  yet  capable  of  distension,  as  Perty  observed  in  the  Scandium 
lonqicauclum  when  its  stomach  was  stretched  with  food.  The  form  ^the 
body  is  much  modified  by  the  degree  of  fii-mness  of  the  integument.  When 
this  is  soft  and  yielding,  or  flexible,  the  figure  is  rounded,  and  more  or  less 
elongated,  and  may  taper  towards  one  or  both  exfa:emities ;  but  when  the 
cuticle  is  much  hardened,  the  rounded  configuration  is  often  lost,  and  various 
irregularities  in  form  result.  Eor  example,  in  Metopidia  and  m  Euchlams 
dilatata  (XXXVIII.  5)  the  body  is  ovate  and  compressed,  or  depressed ;  in 
Euchlanis  triquetra  it  is  triangular  (XXXIV.  443)  ;  in  E.  Upposideros  andm 
Levadella  (XXXIV.  430-432)  the  dorsum  is  convex,  the  abdominal  surface 
flat ;  in  Noteus  quadricornis  (XXXVIII.  25-27),  suboiWax  and  com- 
pressed •  in  Mastigocerca  carinata  and  Batulus  cannatus  (XXXIV.  438-440) 
it  is  prismatic,  with  one  angular  ridge  or  crest ;  in  Oolurus,  compressed 

^^^ThCTe' is,  besides,  a  direct  relation  between  the  segmentation  of  the  integu- 
ment the  perfection  of  its  articulate  condition,  and  the  degree  of  fiiinness  ot 
the  integument.  The  soft-skinned  Eotatoria  only  throw  their  bodies  mto 
folds  during  contraction,  whilst  those  with  firmer  cuticle,  such  as  PModinaia 
develope  the  sHding  joints,  and,  lastly,  those  {e.  g.  LepadeUa  and  MZanis) 
wHch  havea  dense  homy  covering  present  two  or  three  decided  segments, 
recalling  in  form  and  disposition  the  divisions  of  the  external  skeleton  of  the 
monocular  Entomostraca,  or  even  of  the  higher  Crustacea.  _      ,  , 

Where  the  cuticle  is  condensed  into  a  rigid,  homy  lainina,  defending  the 
animal  like  the  shell  of  a  Cmstacean  or  the  carapace  of  a  tortoise,  it  may 
weU  be  termed  a  testa,  testula,  or  lorica.    This  last  name  was  very  loosely 
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used  by  Ehrcnberg,  being  alike  applied  to  tlie  soft,  pliant  skin,  to  the  hard 
shell-like  cuticle,  and  to  the  loose  and  large  external  cases  in  which  some 
Kotatoria  hve,  as  do  the  Coralline  Polypes,  in  a  cell  or  chamber.  If  limited, 
however,  in  its  sig-nification,  as  above  suggested,  the  term  may  still  be  use- 
fully retained,  and  is  preferable  to  the  word  '  shell,'  which  peculiarly  belongs 
to  the  habitation  of  the  Mollusca.  By  some  aiithors  the  term  carapace  is 
employed ;  but  to  this  there  occurs  a  similar  objection. 

The  lorica  received  from  Ehrenberg  various  names,  according  to  its  form. 
Where  a  firm  cuticle  entirely  enveloped  the  trimk,  leaving  the  head  and  tail 
free,  it  constituted  a  testula,  as  in  Pterodina ;  where  it  covered  only  the  upper 
surface  and  sides,  it  formed  a  scutellum  or  shield,  as  in  Monura  (XXXIV. 
457-^59).    The  term  '  carapace,'  employed  by  some  authors,  is  equivalent 
to  scutellum.    The  anterior  and  posterior  openings  of  a  testule  vary  much  in 
different  species ;  and  an  equal  diversity  occiu's  in  the  space  left  uncovered 
by  a  scutellum.    This  space  is  small  and  very  narrow  in  Euchlanis  Lynceus, 
in  E.pyriformis,  and  in  E.  dejiexa.    In  the  last,  moreover,  the  free  edges  ai'e 
bent  outwards  at  right  angles.    In  several  genera,  again,  the  lorica  appears 
composed  of  an  upper  and  an  imder  plate,  or  is,  in  other  words,  bivalved. 
This  is  seen  in  Dinocharis  (XXX TY.  454,  455),  Salpina,  and  Colurus,  and 
resembles  the  envelope  in  some  of  the  lower  Crustacea,  as  Cypns.    In  a  few 
Eotifera,  e.  g,  Euchlanis  (XXXVIII.  5),  the  lorica  appears  much  too  large, 
the  contained  viscera  only  partially  filhng  it.    An  increased  fii-mness  of  the 
lorica  enables  it  to  resist  decomposition  longer  than  its  soft  contents ;  hence 
the  occurrence  of  empty  ones.  Where  the  integument  is  of  sufficient  fii-mness 
to  present  an  anterior  and  posterior  margia,  it  is  subject  to  many  variations 
in  form.    Thus  it  may  be  truncate  in  front,  as  in  Hydatina,  Diglena 
(XXXIII.  403^05),  and  Polyarthra  (XXXVni.  30) ;  or  behind,  as  in 
Notommata  Felis.    It  is  crescentic  in  Metopidia ;  deeply  and  widely  notched 
in  Lepadella  patella ;  has  several  spiues,  in  tront  only,  ia  Anurcea  ;  and  both 
anteriorly  and  posteriorly  in  Noteus,  Salpina  (XXXIV.  447-453),  and  Bra- 
chionus  (XXXIV.  499-501).    Sometimes  the  spines  are  so  short  and  wide, 
that  the  border  appears  simply  dentated  or  undulated ;  in  other  cases,  spines 
may  be  long  and  strong,  and  themselves  dentated,  as  ia  JSfoteus  quadricornis 
(XXXVIII.  25).    Not  only  do  the  anterior  and  posterior  margins  differ,  but 
even  those  of  the  upper  and  under  surface  of  the  lorica,  for  example,  in 
Salpina  spinigera  and  in  S.  mucronata.    Animals  with  spines  projecting  from 
the  anterior  margin,  Ehrenberg  speaks  of  as  '  horned.' 

The  sui-face  of  the  integument  is  variously  modified.  Ths  slightest  change 
from  the  normal  smooth  condition  consists  in  a  shagreened,  dotted,  or  stippled 
suiface,  or  in  the  presence  of  fine  Hues,— e.  g.  m  Anurcea  inermis,  Dinocharis 
and  Diglena  lacustris.  In  Notommata  centrura,  fine  silky  prominences  clothe 
the  surface.  In  JSToteiis  quadricornis  and  Brachionus  militaris,  the  points  are 
elevated,  and  give  the  surface  a  rough  (scabrous)  aspect.  Lines  crossing  each 
other,  producing  a  tesseUated  or  reticulated  condition,  are  seen  in  Anurcea 
curvtcorms  md  m^^^  Baheri ;  whilst  in  AnurcBa  testudo,  Brachionus 

mihtaris  (XXXIX.  21,  22),  and  Noteus  quadricornis  (XXXVIII.  25)  the 
hues  assume  the  character  of  ridges,  and  divide  the  suiface  into  squares  or 
facettes.  Ea^atmg  or  curved  striae  are  seen  iu  Anurcea  striata  and  A. 
foliacea  v^hioh  in  Euchlanis  Lynceus  arc  replaced  by  flutings. 

ihe  elevated  pomts  may  assume  a  further  development,  and  project  from 
the  surface  in  the  form  of  curved  spines  or  hooks  (aculei:),  as  in  Fhilodina 
aculeata;  or  they  may  be  so  extended  in  length  as  to  form  long  spines  or 
Sf      ^Q9^      f  if  particular  fimctions,  as  ia  Triarthra  (XXXVIII. 

dU,  HL,  dJ),  and  Polyarthra,  where  they  are  important  organs  of  locomotion. 
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In  the  last-named  genus  they  attain  a  stiU  more  complex  natui-e,  and  assume 
a  plumose  (feather-like)  stractm-e  (XXXVIII.  30).  ^ 

The  opposite  condition  is  seen  in  depressions  or  pits,  few  and  scattered,  on 
the  surface  of  the  integument,  often  apparently  surrounded  by  a  /nargm. 
Illustrations  are  found  on  the  dorsum  of  Polyarthra,  of  Notommata  Myrmeko, 
and  of  N.  Siebolclii  (XXXVII.  32).  . 

AU  the  markings  and  processes  of  the  integument  of  Eotatona  are  produc- 
tions  of  the  chitinous  cuticle,  just  as  haii's,  feathers,  homs,  and  cl^s  m  the 
Vertebrata  originate  from  the  epidermis.  They  are  similarly  aftected  by 
chemical  reagents,  and  decompose  with  the  same  facihty  as  the  mtegument 
which  supports  them.  They  are,  moreover,  of  much  value  m  supplying 
eeneric  and  specific  characters.  ,  i   •  +^„n. 

Several  genera  possess,  in  addition  to  the  mtegument  immediately  mvestog 
them!  an  external  sheath  or  case,  to  the  bottom  of  which  they  are  attached 
by  a  prolongation  of  the  body  in  the  form  of  a  contractile  pedicle.  This 
external  sheath  received  from  Ehrenberg  the  particular  designation  of 
^urceolus  •  '  and  consequently  the  beings  inhabitmg  it  were  said  to  be  ui-ceo- 
lated  o^  as  many  prefer  to  say,  are  '  encased.'    The  composition  of  the  case 
varies  greatly  ;  for,  although  it  originates  always  as  a  secretion  from  the 
ZZl  ftself,\he  siAstance  differs  in  different  genera,  both  in  its  charactei^ 
Td  modes  of  formation:  moreover,  in  some  species,  particles  of  foreign 
matters  are  superadded,  to  give  it  strength  and  solidity.  Vtt 
The  cases  of  Floscularia  (woodcut.  Part  H.)  and  StepTumoceros  (XXXVII. 
1>,  are  coWess,  and  apparently  structureless,  and,  though  roomy  are  visible 
idth  dSy  oi  accoiiit  of  their  tenuity  and  transparency.    They  are  best 
ImoSated  by  the  addition  of  some  colouring  matter,  such  as  mdigo,  to 
th^rter  S  wHch  they  are  examined.    An  exception  to  the  usuaUy  ti-ans- 
^^^l.oTm.^eneou8  case  of  Floscularia  occurs,  accordmg  to  Dr.  Dobie  in  F. 

^   Zn^S   ZLrZ,  again,  asserts  that  the  lU'ceolus  of  Floscularm  may 
campan^a^^    Dujarcmi  a  ^^^^  ^  ^^^^  ^^^^^^  ^ 

yamsh  dmmg  the  irtetime  01  ^^^^^  ^    ^^^^^  distmctions. 

^Csttm?n^  —  ^  confirmation,  being  opposed  to  the  observa- 

^T.l'te%uts1?'Sm*.s,  GonoMy.,  and  Ladnularia  ai-e  hyaline,  with 
a  mo^rrgdatinous  consistence,  and,  in  the  two  last  genera,  adhere  together^ 

gelatme,  J^^Jj^tTts'^^^^^^^^^ 

"^r^l^Wl  im^l  rS  gelatinous  case,  of  a  milky  hue,  wHch 
Si  L^fff™  (^^^^  addition  of  an  acid,  is  attributed  to  a  deposit  of 

Soil? uL ithin  it.  In  yo^g  ^^f^^^^i^ itL':^rj:^- 
itM-:  ^^^^^^ 

colour,  and  of  a  »''''?';°°^         This  wondei-fiil  phcnomonon  wffl  be  comi- 
»rr"n'^^^  on  si     tL  cohesion  of  partioles  of 

'Strto' fto  ene«ng  tubes  i,  seen  also  in  some  Annehda,  and 
S  the  aquatic  InnB  of  eoilam  Insects. 
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The  urceolus  serves  as  a  place  of  shelter  and  defence  for  the  adiilt  animal, 
and  also  for  the  ova  it  deposits.  The  latter  often  remain  within  the  ease 
untR  they  are  hatched.  The  necessity  for  shelter  is  entailed  by  the  fixed 
condition  of  these  Rotatoria,  because,  unlike  the  free  animals,  they  cannot 
escape  their  pursuers  by  flight.  By  means,  therefore,  of  their  highly  con- 
tractile pedicles  they  can  entirely  withdi-aw  themselves  within  their  tubular 
dweUing,  until  the  threatening  danger  is  ovei-past.  Ekrenberg,  however, 
states  that  the  animal  may  detach  itself  from  its  case  and  swim  away  free : 
if  this  be  true,  we  must  suppose  it  wiU  again  affix  itself  and  proceed  to  con- 
struct another  urceolus.  The  possibility  of  this  acquisition  of  freedom  is 
favoured  by  the  analogous  detachment  of  Vorticellce,  and  the  formation  by 
them  of  a  new  pedicle  on  reattaching  themselves.  Empty  ureeoli  are  indeed 
not  uncommon  ;  but,  imless  the  process  be  witnessed,  it  is  impossible  to  say 
whether  the  inhabitant  has  quitted  its  abode  at  will,  or  disappeared  by  de- 
composition after  death  or  by  becoming  a  prey  to  other  animals.  Mr.  Gosse 
noticed  that  a  Melicerta,  which  had  its  case  slit  up  for  some  distance,  pro- 
truded itself  thi'ough  the  opening ;  and  during  several  days'  observation, 
thoiigh  it  made  pellets,  they  were  never  deposited  in  order  to  repair  the 
breach,  but  were  allowed  to  float  away :  this  observation  does  not  support 
Ehrenberg's  above-cited  opinion.  Each  member  of  a  colony  of  adherent 
Rotatoria  is  generated  free,  and  swims  at  large  until  it  chooses  to  join  its 
fellows  in  becoming  fixed.  The  encased  Rotatoria  attach  themselves  to  any 
convenient  substance  in  the  water,  especially  the  stems  and  leaves  of  water- 
plants.  The  single  individuals  are  many  of  them  just  visible  to  the  naked 
eye  ;  and  where  they  vmite  in  compoimd  masses,  they  can  be  detached  in  the 
foi-m  of  jeUy-like  globules,  having  a  irdlky  hue,  often  -|-th  of  an  inch  and 
upwards  in  diameter.  Tubes  of  Melicerta  and  Tuhicolana  occur  fi-om  -^th  to 
•^th  of  an  inch  in  length. 

An  external  envelope  is  found  in  a  few  free  Rotatoria  ia  the  form  of  a  soft 
gelatinous  coating, — for  example,  in  Notommata  Copeus  and  N.  centrura 
(XXXVIII.  26).  In  the  latter  species,  moreover,  this  coat  exhibits  a  regular 
arrangement  of  fijie  molecules  within  it,  and  a  consequent  apparent  striation. 
Ehi-enberg  describes  the  confervoid  fibres  of  Hygrocrocis  as  sometimes  para- 
sitic on  this  gelatinous  involucre ;  but  this  account  Leydig  doubts.  It  is 
certainly,  however,  not  improbable,  since  ureeoli  of  eveiy  variety  furnish  a 
favoui-able  nidus  to  parasites,  both  vegetable  and  animal;  and  this  writer 
himself  speaks  of  Vibrios  adherent  to  the  hyaline  case  of  Stephanoceros,  on 
the  surface  of  which,  as  he  imagines,  they  sometimes  give  i-ise  to  an  ap- 
parent striation. 

Appendages  of  Rotatoria. — Each  great  division  of  the  body  is  furnished 
vrith  certain  prominent  parts  or  appendages,  adapted  to  supply  various  re- 
qmrements  of  the  economy.  The  appendages  of  the  head  and  neck  exceed 
all  others,  both  m  number  and  importance,— the  rotary  organ,  the  peculiar 
characteristic  of  the  class,  being  one  of  them. 

This  latter  organ  is  essentiaUy  a  ciliated  wi-eath  or  cii-clet,  mostly  sup- 
ported on  an  expanded  margin  or  disk,  and  subject  to  considerable  variations, 
winch  are  employed  m  the  classification  of  these  animals;  the  rotary  is  also 
called  the  rotatory  organ  or  disk,  the  trochal  disk,  at  times,  less  definitely, 
the  ciliated  disk  or  wreath,  or  the  wheel  organ. 

Ehrcnberg  employed  the  rotaiy  organ  in  its '  different  modifications  as  the 
basis  of  his  classification  of  the  Rotatoria,  maldng  two  chief  tj^es,  in  one  of 
which  the  cihatcd  nng  wa.s  single  and  complete,  in  the  other  subdi^dded  into 
several  independent  pori;ions  or  secondaiy  wheels.  A  subordinate  tyiie  pre- 
sented two  equal  symmetrical  circlets  of  cilia,  forming  a  pair  of  wheels.  To 
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the  first  of  these  groups  he  gave  the  name  of  Sorotrocha,  to  the  second  Poly- 
trocTia,  and  to  the  last  Zygotrocha.  The  further  subdivisions  which  he  formed, 
and  the  names  he  appUed  to  the  varieties  of  the  rotary  organ  wiU  he  ex- 
pSned  rThe  sectioi  on  Classification.    The  beUef  in  actually  compound 
trochal  disks  has  been  shared  by  nearly  aH  observers,  and  both  Perty  and 
Siebold  adopt  it  along  with  Ehrenberg's  classification.    On  the  other  hand, 
it  is  denied  by  Leydig,  who  affirms  that  the  disk  is  never  divided  mto 
such  secondaii  wi4ths  or  lobes,  but  always  constitutes^  one  continuous 
r^argin,  variously  extended  and  folded,  and,  it  may  be,  furnished  with  inde- 
pendent accessed  ciHated  disks.    This  able  writer  remarks-"  It  is  only  to 
the  exceptional  genera  Stephanoceros  and  FloscuUna,  that  Ehrenberg  s  term 
PolvtrocL  can  be  rightly  appHed.    In  truth,  an  observation  recorded  by  the 
g^e&grapW  fimsynVtives  Ms  hypothesis  of  Polfochous  division 
that,  viz.,  where  he  applied  strychnia  to  the  rotary^organ  of  EyclaUna,  which 
bpcame  thereby  reduced  to  a  simple  whorl  of  cUia." 

tTo  various  degrees  of  complication  assumed  by  the  trochal  disk  are  th™ 
deta^ed  by  Ley4---"  It  forms  a  simple  ciliated  margm  around  the  mouth 
Tmo2atalr%grada;  ^  StepUanops  (JL      10)  jt^-^er  -ore  Pr^ 
minent  and  triangular ;  in  Euchlamdota,  Polyarthra  (XXXVili.  dU),  JJi 
XriSlma,  HydaLa  (XL.  1),  Pleurotrocha,  and  others  it  occupies  the 
&e  pe  Wof  the  head,  and  is  not  at  all,  or       very  shght^kv^^^^^^ 
L  n  distinct  disk  above  it;  in  Notommata  Gopem,  N.  aurita  (XXXV i.  4), 
and  i^SLl  it  is  enlarged  and  elevated  as  a  distinct  _  disk  ou  each  side  of 
?he  head  M^Si^g  the  "  ears  "  so  called  by  Ehrenberg  ;  in  other  mstances  it 
s  eSed  a^projects  on  the  ventral  surface  of      ^^^^  "^^.^^ 
IriXo?  nroboscis     A  higher  development  is  seen  in  BracJnonus  (SS^. 
^^^'^  SSoiina  where  the  ciliated  border  is  involuted  and  extended 
15-18)  and  i^/«iocanc^w^^^^  and  lastly,  in  Megalotrocha,  Ladmdaria, 

'ST  /I  1    raVIl'  iT)!  and  £—  (XXXYI.  2),  the  high- 

WeS^  reakeJS  tie  tJJchal  disk  appears  to  be  -  appendage 

SomSence,  from  which  a  lateral  ciliated  arch  runs  upward,  ^^^o  ^he  b^^^ 
^  Srr  and  below  becomes  lost  in  the  ciha  of  the  pharynx,  ihe  apeituie 
Tthe  luth  tSreforo,  lies  between  the  upper  and  lower  cihated  bands 

^^rS'Son  has  signahzed  a  Ij^e  a_nt  ^^^i^^- 
17^  nnrl  Levdiein5TOc7uo?it(s,  Pterodina  {XXX\  \i-\^^h  >VvtVTTT 

*ttt  Muld  ,"oX»  of  Z.o«.W«,-a„  i.t,rp,*Hon  t.,.t 
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has  very  many  arguments  in  its  favour,  and  in  support  of  which  I  may 
adduce  the  structiu'e  of  the  rotary  organ  of  Pterodina.  This  species,  belong- 
ing to  the  fanuly  of  Brachioncea,  has  its  free  projecting  lobes  fm-nished  with 
a  double  row  of  cilia,  analogous  to  what  occurs  in  Megalotrocha.  That  the 
wheel  organ  of  Philodincea  also  is  referrible  to  the  same  type,  is  evident 
fi'om  the  account  Huxley  gives  of  it." 

Cohn  {Zdtsclir.  1855,  vii.  p.  437)  describes  two  complete  rows  of  cilia, 
besides  five  or  six  special  ciliary  bundles,  on  the  head  of  Hydatina  senta 
(XL.  1).  On  the  outer  mai'gin  is  an  unbroken  row  of  long  and  fine  cilia, 
extending  thence  into  the  oral  fissure,  and  stiU  further,  into  the  oesophagus. 
Withia  this  circle  is  an  interrupted  one  formed  by  6  or  7  (Ehrenberg  counted 
11)  bundles,  having  few  or  many  broader  and  longer  cilia,  nearly  resembling 
the  setas  on  StylonycMa,  and  supported  on  as  many  cushion-like  eminences. 
Lastly,  the  thii'd  series  is  unbroken  like  the  first,  and  composed  of  finer  cilia, 
disposed  in  a  quiacimcial  manner  in  two  lines.  All  the  parts  of  this  ciliary 
apparatus  work  harmoniously  together  in  effecting  the  movements  of  the 
animal  or  in  seeming  the  capture  of  food. 

The  figiu-e  of  the  trochal  disk  (XXXVIII.  14,  15,  20,  21)  varies  exceed- 
ingly, as  the  quotation  fi-om  Leydig  indicates,  and  is  especially  influenced  by 
the  addition  of  supplementary  ciliated  eminences.  In  Megcdotrocha  (XXXII. 
374r-878)  the  disk  is  horse-shoe-shaped ;  in  Melicerta  it  is  petaloid,  or,  as 
Prof.  Williamson  called  it,  flahelliform  ;  in  Eotifer  it  is  seen  under  two  forms, 
according  to  its  degree  of  expansion,  either  as  a  single  conical  eminence,  or' 
when  completely  unfolded,  as  two  cylinder-like  processes,  one  on  each  side 
of  the  head,  apparently  whorhng  like  two  wheels.  In  the  family  Brachio- 
ncea (Ehr.)  accessory  disks  or  processes  give  rise  to  much  eompUcation 
(XXXIX.  15-22).  Ehrenberg  described  this  family  as  having  two  ciliated 
organs— a  central  one  of  three  parts,  and  a  lateral  one  of  two,— the  latter 
being  the  true  wheel  organ,  and  the  former,  frontal  processes  which  are  stiffly 
extended  whilst  the  rotaiy  organ  is  in  action.  An  appendage  such  as  that 
last  named,  in  Noteus,  he  designates  a  three-lobed  cihated  brow. 

Exceptional  or  aberrant  forms  of  the  cihated  disk  are  seen  in  Floscularia 
in  StepTianoceros,  and  in  Lindia  (XXXIX.  1,  3).  In  the  first,  the  head 
(XXXVn.  1)  is  surmounted  by  five  cihated  fiattened  lobes,  ending  in  knob- 
hie  processes  which  bear  very  long,  divergent,  non-vibratUe  haii-s  or  ciha 
of  uniform  thickness  {see  woodcut.  Part  II.).  "  These  exceptional  ciha,"  says 
/It.  1  l^'  "  slowly  moved  and  spread  out  by  the  contractile  substance 
ot  the  lobes  of  the  rotary  organ."  In  Stephanoceros,  the  departure  from  the 
normal  structure  is  stiU  greater  (XXXVII.  1),— so  much  so,  that  the 
cihated  appendages  have  no  claim  to  the  title  of  a  rotaiy  organ  Pive  lon^- 
arms  extend  fi-om  the  head,  like  five  tentacles,  covered  by  ciha  in  rino-s  (yer- 
ticellate  ciha).  These  arms  not  only  act  hke  a  common  trochal  disk  by  nro 
ducmg  a  vortex  directing  aU  particles  within  its  range  to  the  mouth,  but  also 
as  organs  of  prehension,  closing  themselves  on  any  larger  object  which  may 
come  within  their  grasp.  This  cihated  armatui-e  around  the  head  bears  a 
close  resemblance  to  that  of  the  cilio-brachiate  Polypes  or  Bryozoa,  to  wWcli 
claBS  of  animals,  indeed  sevei^  distinguished  naturalists  have  referred  the 
genus  StepTumoceros  not  merely  on  account  of  this  one  affinity  named,  but 
also  from  several  other  comcident  characters.  A  third  pecuHar  form  of  rotary 
organ  has  been  recently  pointed  out  by  Cohn  in  U^ia  {7Mr.  1858,  p 
if  club-shaped  process  on  eithcT  side  of  the  hLid 

(AAAIA.  i,  d),  having  Its  extremity  somewhat  expanded  and  spherical. 
Ciha  exist  only  on  the  roimd  summits  of  these  processes  ;  there  is  no  whorl 
around  the  margin  of  the  head,  none  elsewhere  on  the  body ;  and  this  ex- 
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ample  may  be  adduced  as  that  of  the  least  complicated  rotary  organ  among 

^tf  isln  these  aberrant  forms  alone  that  the  ciHated  apparatus  can  be  strictly 
caUed  "volytrochous-r  in  them,  also,  the  wheel-Hke  motion  is  completely 
absent     This  peculiar  motion,  on  the  contrary,  is  most  evident  where  the 
wreath  is  a  simple  circle,  as  in  CormcUlus  and  Actinurus,  or  whereas  m 
notifer  and  Philodina,  it  is  pecuUarly  involuted,  although  continuous.  Where, 
on  the  contrarj^  it  is  intermpted  by  a  notch  at  any  point,  oi-  is  sm^^ted  or 
complicated  by  supplementary  processes,  as  m  Hydati^m  {XL.  1),  Diglem, 
Xy  Notommata  (XXXVII.  29,  32),  Synch^ta,  &c.,  the  illusion  of  com- 
plete revolutions  vanishes.  -T  4.  ;i  „„„-koi;„ 
Formerly,  the  beHef  existed  that  an  actual  whii-hng  of  the  cihated  cephahc 
appendages  took  place,  and  that  the  Httle  animals  moved  alo^g- ^y  ^h^  aid  of 
these  wheels,  after  the  manner  of  a  steamer  with  its  paddle-wheels.  Such 
in  opilonTs  no  longer  entertained  ;  and  various  explanations  of  the  apparent 
rotaryTotion  ai'e  now  offered  in  its  stead.    Dutrochet  attributed  it  to  the 
SidSatTon  of  a  deUcate  membrane  fringing  the  head  of  the  Eotatoria 
Sraday  explains  it  by  supposing  the  distinct  ciha  to  become  visible  by 
slXly  retJLng  to  an  erect  state,  after  haviiig  previously  been  siiddenly 
S     Xenberg  assumed  the  existence  of  foiu'  muscles  at  the  base  of 
each  ciliiS^eafh  muscle  acting  in  its  own  dii'cction,  and  so  producing  a 
revolutoaround  the  fixed  point  of  attachment  or  base  of  the  ^^^-^ 
Ss  way  each  cilium  would  be  alternately  nearer  to  or  more  remote  from 

*\rtCex7n\tioS  by  Dujardin.   He  says    "  The  vibra- 

tile  SeS  aiTanged  paraUel  and  at  equal  distances,  will  equally  refract  or 

eepted,  ^^^^  aj^and  mo^e^or  le^s  d^^  ^^^^  ^^^^^^^  ^  ^^^.^^ 

Sldtitt  or  ^f  appLenrint^^^^  wiU  be  produced  in  the  direction 

inlrinera  '^^^^^^  Fui-ther,  if  each  of  the  intersections  presei".e  the 
ot  the  general  ™"  ,  ,       number  of  equal  lines,  and  are  equaUy  in- 

S  complete  retraction  the  anterior  extremity  of  the  ^ody  is  mvolut^^or 

T  ^SSenJ-likfp^»es  which  may  bo  seated  on  it  are  also  with- 
^*;^%'STo^r  tZes,.hen  the  i«~ 

ThSSff^!  Stett  t  Srofu^foldin,  the  delicate 
°' tS  ^^on  ct  the  cilia.T  apparatus  and  appendages  is  effected  by  strong 


OF  THE  EOTATOEIA.  401 

« 

muscles  arising  within  the  abdomen,  which  di'aw  downwards,  and  therefore 
inwards,  the  disk  to  which  they  are  attached.  At  the  commencement  of 
their  traction,  they  di-aw  together  the  sides  of  the  ciKary  whorl,  then  pull 
inwards  the  cilia,  which  are  previously  collected  in  a  cylindrical  manner,  and 
at  last  cause  the  inversion  of  the  integument  immediately  beneath  the  disk, 
when  the  now  anterior  extremity  of  the  body  contracts  itself  upon  the  in- 
cluded pai'ts.  This  process  of  involution  may  be  arrested  by  the  animal  at 
any  stage  ;  thus,  sometimes  it  is  stayed  when  the  cilia  are  grouped  together 
in  a  cylinder-like  heap,  and  still  project  from  the  head  like  a  pencU ;  or, 
as  above  mentioned,  the  cilia  may  be  withdrawn,  and  some  process  or  an- 
tenna be  left  protruding.  The  collection  of  the  cilia  into  a  brash-Hke  group 
during  the  process  of  retraction  is  weU  exemplified  in  the  long  cilia  of  Flos- 
cularia  ;  and  in  Botiftr  and  Philodina  we  have  a  special  example  of  the  pro- 
trusion of  a  ciliated  process  during  the  involution  of  the  major  part  of  the 
trochal  disk  (XXXYIII.  1).  In  the  genera  last  cited,  this  median  process 
serves  as  the  anterior  organ  of  progression  when  the  animals  advance  in  a 
leech-Kke  manuer,  and  disappears  when  the  pair  of  trochal  organs  are 
evolved  and  the  crawling  movement  is  changed  to  swimming. 

The  retraction  of  the  trochal  disk  we  may  suppose  to  be  controlled  by  the 
will  of  the  animal  to  arrest  its  motion  or  to  avoid  danger.  Another  motive 
is  conceivable,  especially  in  the  case  of  the  attached  species  :  for  the  cilia, 
when  in  active  operation,  attract  every  sort  of  particle  within  theu'  vortex — 
as  weL.  those  appropriate  to  nutrition  as  others  noxious  or  which  have 
been  lately  discharged  and  still  float  about  the  animal ;  hence  it  may  be  ne- 
cessary to  arrest  their  action,  withdraw  the  disk,  and  close  aU  access  to  the 
interior,  imtil  these  unfit  substances  are  floated  away  and  have  been  replaced 
by  others. 

The  ciliated  mechanism  of  the  head  is,  as  just  hinted,  the  active  agent  in 
procuring  food,  by  di'agging  within  its  vortex  the  nutritive  particles  in  reach, 
and  transferring  them  to  the  mouth,  which  is  so  situated  that  the  cui-rent 
produced  sets  directly  into  it.  Where  the  ciliaiy  wreath  is  double,  as  in 
Melicerta,  ''the  food"  (to  use  Prof.  Williamson's  description)  "  that  reaches 
the  mouth  is  whirled  around  the  wheel- organs  along  the  groove  that  sepa- 
rates the  two  circlets  of  cilia;  and  since  these  circlets  diverge  near  the 
'  chin '  (or  fifth  ciliary  lobe),  the  mouth  being  located  between  them,  the 
food  is  necessarily  conveyed  directly  to  the  latter  organ.  The  two  sets  of 
mai-ginal  cUia,  by  bending  towards  each  other  whUst  in  motion,  almost  con- 
vert this  groove  into  a  sinus,  especially  in  the  two  large  segments."  But 
besides  locomotion  and  nutrition,  the  rotaiy  apparatus  must  be  admitted  to 
subserve  the  function  of  respiration,  both  by  its  own  delicate  structure,  and 
by  its  action  in  constantly  renewing  the  water  around  the  animal ;  also,  by 
forcmg  fluid  within  the  alimentaiy  canal,  it  may  seiwe  to  aerate  and  rencAV, 
by  endosmosis,  the  fluid  in  the  general  cavity  surrounding  the  viscera. 

In  the  fixed  species  of  Rotatoria  the  rotaiy  organ  can  have  no  locomotive 
use,  merely  subserving  the  functions  of  nutrition  and  respiration  In  addi- 
tion to  the  rotary  organ,  the  head  is  often  beset  with  various  appendages 
m  the  shape  of  styliforra  and  tubular  processes,  lobes,  disks,  uncini,  and 
spmes.  These  are  situated  either  within  the  circle  of  the  cihary  wreath  on 
Its  margin,  or  immediately  external  to  it.  Examples  of  tapering,  styliform, 
and  bnstlo-lilve  processes  are  found  in  Notommata  Myrmcleo,  Monocerca  bi- 
cornis,  m  ^ynclmta,  Monoslyla,  Brachionus,  and  others."  On  the  licad  of  Cono- 
cMus  are  four  stout  wart-like  elevations.  In  Polyarthra  p!at>w(era  two  long 
bnstles  project  from  near  the  mouth,  each  lient  on  itself  midway  at  a  right 
angle  (geniculate).   Dujardin  describes,  in  his  genus  Colurella,  an  uncinate 

2  D 
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retractile  appendage  stirmounting  the  trochal  disk.    In  J^^^^^^^^j^;^'^^^^^^^^^ 
CXXXIX  15  16)  straight  non-vibratile  cilia  occur  between  the  ciliated  lobes 
of  the  rotai-v  organ ;  and  in  Polyarthra  there  are  fleshy  tentacular  appendages, 
which  Siebdd  suggests  are  antennas  or  feelers.    The  2-4  styhform  processes 
of  Synchceta,  Ehrenberg  supposed  to  possess  prehensile  P«^f;; 
chUus  four  processes,  terminated  by  bristles,  project  from  the  cihary  disk , 
in  SSr /are  two'cuired  hooks.    To  some  of  these  appendages  a^d  to 
Shers  about  the  head,  yarious  fanciful  names  have  been  given,  borrowed 
mostly  from  remote  resemblance  in  appearance,  situation,  o?^  ^^f  P^^^^^ 
existii-  in  the  higher  animals.    For  instance,  on  each  side  of  the  head  ot 
"Zl^^l  aLtl  N.  Copeus,  and  Di,lena  aurita,  a  lobe  o  th«  t-chal^^  .s 
more  elevated  or  elongated  than  the  rest  and  has  received  the  appellation  of 
"ear"  or  "auricular;"  the  2-4  supplementaiy  processes  of  the  head  ot 
PohjaJL  (SkxYni.  30  a,  h)  have  been  called  "  homs,"-a  name  apphed 

^I$f^Z:^s^^o.o.s  of  the  head  is  known  as  the 
"  hood  "  /S  8-10).  Mr.  Gosse  speaks  of  a  projecting  spoon-shaped  lobe 
in  eovered  with  cilia,  as  the  chin,  wHch  Wilhamson  recogmzes  as 

a^'^llle  "Tthe  wheel  organ  (XXXYH.  17  c).  The  latter  wnter,  agam 
Lpt  fiim  Schlffer  the  appeUatioii  of  "  lips  "  for  two  ^ifr^^^^Zr^ 
of  the  head  of  Mdicerta,  and  fiuiher  describes  on  each  ^^-^^.^l^^^^^^^P'^^^^^ 
?wo  proiecting  "  flattened  lobes,  with  ciliated  margms  contmiious  ^th  those 
oHhrclS?  which  obviously  assist  in  dii-ecting  the  food  into  the  cesoph^s 
tX,  Ehrenberg  frequently  employs  the  term  "  frontal  region    or  forehead, 
tbSStXf  p«  W^^ed  with  a  pencil  of 

fine  tn  viSS  cilia  or^Ltles  at  the  -t-mity^ave^^^^^^ 
consideration  owing  to  the  Actions  assigned  them  ^^^^^^^^ll^X  Z^ 
They  protrude  from  the  head  near  the  trochal  ff^^^%'^r^^raIhiomcs 

l^Svn  17)  hi^feia  in  Notommata  davulata,N.  Myrnuho 

otherVci^^     ^?X^^I  t?l)  t'^:^^' 
but  in  Tuhicolaria  and  Melicerta  (XXXYIl.  17  d)  it  is  ^  ^ 

SaEhrenbergmentionsatHcMy-ciHatedprJ^^^^^^^^ 

attached  to  the  trochal  chsk ;  ^^^^^^^^^^^^^^  cer^rr.a 

I  often  caUed  a  proboscis  and  supposed  ^^^.^^^^^-.aS^s^^  1^^^^^  time 
signed  two  difleerent  appellations  ^,^-?.^^^,tS^^  subserves  the 

he  calls  such  a  process  a  spztr  ('\calcm    ),  and  "^a^me  ^cnts  it  as 

generative  process  as  an  intromittent  organ  ;  at  a^othei  ne  lep 
f  respiratory  tube  (si,.7.on)  through  ^^^^^jf'\^Xn^^  4ew  has  foimd 

to  have  been  the  first  to  suggest  the  «f  logY  ^^^^  of  gtift'  ciha. 
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Entomostraca  and  Cypris,  and  tliat  no  trace  of  the  entrance  or  exit  of  water 
is  perceptible,  even  when  particles  of  coloming  matter  are  diffused  through 
the  liqiud,  calculated  to  indicate  the  slightest  current." 

Since  this  was  wiitten,  Perty,  Gosse,  Wilhamson,  Huxley,  and  Leydig  in 
pai'ticiUar,  have  minutely  studied  the  point  in  dispute,  and  coincide  with  the 
French  naturahst  as  to  the  non-perforated  character  of  the  organ,  and  its  ho- 
mology with  antennae.    Mr.  Gosse  writes — "  The  tubes  or  spurs  on  each  side 
of  the  head  (of  MeUeerta)  below  the  chin  (XXXVII.  17  d  cl)  are  evidently 
consurdlar  with  the  antennae  of  Rotifer,  &c.    There  is  a  slender  piston  in 
each,  capable  of  being  retracted,  and  bearing  at  its  extremity  a  tuft  of  very 
fine,  divergent,  motionless  hairs."  Mr.  Williamson's  account  is  more  detailed ; 
he  calls  them  "  tentacles,"  and  states  that,  when  fuUy  protruded,  they  are 
seen  "to  be  terminated  by  a  brush  of  fine  divergent  setae  implanted  on  the 
convex  side  of  a  small  deltoid  body  (the  piston,  Gosse)  (XXXVII.  12) ;  from 
the  flat  side  of  this  latter  appendage  there  proceeds,  along  the  interior  of  the 
tube,  towards  the  body  of  the  animal,  a  deKcate  muscular  band  (XXXVII. 
13,  14),  which,  by  its  contractions,  draws  the  deltoid  body  backwards,  thus 
inverting  the  extremity  of  the  tube,  and  forming  a  double  sheath  protecting 
the  setae  (XXXVII.  14).    This  inversion  of  the  tube  was,  we  believe,  first 
noticed  by  Dutrochet.  The  whole  apparatus  is,  as  suggested  by  Schiiffer,  very 
similar  to  that  seen  in  the  tentacles  of  the  snail,  and  appears  to  constitute  a 
tactile  rather  than  a  respiratory  organ.    This  is  rendered  more  probable  by 
the  fact  that,  when  the  animal  first  emerges  from  its  tessellated  case,  the  ex- 
tremities of  these  two  tentacles  are  the  fijst  parts  that  make  their  appear- 
ance (XXXVII.  n  dd), — the  two  curved  hooks  being  the  next  (XXXVII. 
17  6).    The  setae  are  usually  half  di-awn  into  the  inverted  tentacle ;  but  they 
project  siifiiciently  forwaxd  to  constitute  delicate  organs  of  touch,  supposing 
the  deltoid  body,  into  which  they  are  inserted,  to  be  endowed  with  sensi- 
bility.   The  animal  cautiously  protrudes  these  tentacles  before  it  ventures 
to  unfold  its  rotary  organs,  but  it  does  not  direct  them  in  an  exploratory 
manner  from  side  to  side,  as  an  insect  does  its  antenna." 

Eut  there  are  many  strictly  homologous  processes  Avith  a  terminal  tuft  of 
setae  which  are  tubular  and  not  retractile,  or  otherwise  neither  tubular  nor  re- 
tractile, but  horn-hke  in  figure,  or  merely  conical.  Examples  occur  in  Notom- 
mata  Myrmeleo  (XXXVni.  26  6)  and  N.  Sieholdii  (XXXVIII.  32  q),  and 
in  the  shorter  conical  elevations  on  the  disk  of  Sytichceta  and  Polyarthra  and 
m  the  horns  of  the  last-named  genus.  ' 
_  A  farther  departure  from  the  highly- developed  antenna3  of  some  Rotatoria 
IS  exemphfied  m  the  fossae,  pits,  or  apparent  apertures  (XXXVIII  28-30) 
oftentimes  with  elevated  edges,  containing  a  tuft  of  bristles,  which  are  met 
with  iisuaUy  on  the  necks  of  the  animals.  These  fosste,  as  weU  as  the 
retractile  and  non-retractile  antennte  of  all  forms,  Leydig  behoves  to  be  in 
immediate  and  special  relation  with  nei-ves  which  extend  to  the  base  of  the 
brush  of  ngid  ciha  The  number  of  such  fossee  varies  in  difi^crent  species. 
In  accordance  with  his  hypothesis  of  respiration,  Ehrenberg  called  them 
cihated  respiratoiy  opemngs.';  In  Enteroplea  (XL.  2),  ITydatina  (XL.  1), 
SmZ;  ?  f'^'^'^'T  several  Notommafa;,  an 

TtZ  iv  f       1  T*'  7  ^"'^  t^^'^         are  seen  in  Poh,- 

arthra  Notommata  Myrmeleo,  and  in  N.  Sieholdii  (XXXVIII.  29),  arrano-od 

^tlftwo  oniV.  r  1      /f'T^r''^''^^  BriyKUoelUi  (Gosse),  Dah-ymple  met 
h,rl  ^l^ch  he  supposed  to  be  and  described  as  lateral 

(£xXVI.  ^  ^'^''^       luibrokcn  cuticle  Hning  them 

Interesting  variations  are  found  in  Notevs,  in  whicli  Ehrenberg  describes 

2  D  2 
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a  short,  stout,  respiratory  tube,  or,  as  it  actuaUy  is,  a 

by  a  very  elevated  margin.    In  Notommata  centrum  (XXXVIll.  2b  b)  and 
in  N.  Gopeus,  a  long  seta  projects  from  a  smaU  elevation  of  the  «^tid^^^^ 
each  side  of  the  back,  having  its  extremity  divided  like  a  brush.    The  doubtful 
ciliated  depression  conceived  by  Prof.  Huxley  to  be  the  nervous  centre,  belongs, 
in  Leydig's  opinion,  to  the  category  of  tactUe  fossae. 

Appendaoes  of  the  TETOK.-The  account  already  given  of  the  cuticle  and 
lorica  and  their  processes,  leaves  no  special  appendages  of  the  trunk  to  be 
described.  Thus  we  have  spoken  of  the  spines  from  the  anterior  and  postenor 
margins  of  the  lorica,  of  those  which,  in  a  few  examples,  are  produced  fi-om 
Tts  surface,  and  of  the  setee  or  ciiThi  wHch  extend  from  it  in  Anurcmhremis 
in  Notommata  Copeus,  and,  on  a  larger  scale,  in  Tnarthra  and  Polyarthra 

^™  ™rf?pocLi,  or  false  foot,  may  either  be  accounted  a  production  or 
appendL  of  the  triiik,  or  a  distinct  segment  of  the  body     Its  dimensions 
Td  figSe  vary  much  in'  different  species ;  and  m  ^-^l/^  ^  ^^/^  % 
sent     It  attais  the  highest  development  in  Philodmcea  (XXXV ill.  1,  2), 
wSL  i   consists  of  several  progressively  dimmishing  segments  rmite^^^^^^ 
Xdino-  ioints,  like  the  tubes  of  a  telescope,  and  is  analogous  to  the  tails  of 
...^^Pntomostraca  e.  q.the  Oyelopiclce.  In  this  family,  P/wZocW«  the  body 
ZZ^lZev  ^<^oU-^  by  f  gradual  lessening  of  the  articulated  seg- 
ments   so  that  the  teimination  of  the  tnmk  proper  and  the  commencement 
S  the  p^cess  have  no  externalindication,  except  what  is  B-PP^^d     the  and 
oriAce  of  the  ahmentaiy  canal,  which  usuaUy  opens  at  the  base  of  the  taiL  In 
other  famSes  the  termination  of  the  tnink  is  more  abrupt,  and  the  distinct- 
ness of  Cpseudopodium  as  a  subordinate  segment  or  member  strongly  pro- 
ness  ot  tlie  pseuQop  development  of  the  organ  graduaUy 

S^sl^s™thetd;scS^^^^ 

tioT  of  one  or  two  stiff  styles,  supported  on  an  enlarged  ^^.^^  (^^III  23 

^^ition  of  tn  SpSagT  of  the  ti-unk,  its  terminations  assuming  the  chief 
condition  ot  an  a-ppenudge  ui  ,  stviiform  processes  seem  to 

artiralateil  segment  at  the  ''«f  (^^J?^-rt^:^>„j„pX^  s«ppottmgone  or 
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and  PMlodina,  and  also  on  the  shorter  foot-process  of  Dimcharis.  These 
styles  are  moveable  and  flexible,  and  occur  in  a  single  pair  or  in  two  or  three 
paii's ;  Ehrenberg  gave  to  such,  when  short  and  not  rigid,  the  name  of  '  iocs,' 
and  distinguished  the  prolongation  on  each  side  of  the  posterior  border  of  the 
sHding-joints,  seen  in  liotifer,  Actinurus,  and  Callidina,  as  '  horn-like  pro- 
cesses.' In  Scaridiwm  (XXXVIII.  22)  and  Dinocliaris,  the  foot,  though 
jointed,  seems  not  to  be  retractile. 

The  pseudopodium  differs  much  in  its  length  and  mode  of  termination. 
Where  the  articulated  segments  are  few  and  smaU,  the  foot,  if  terminated  by 
styles,  oftentimes  acquii-es  a  great  length.  In  some  species  the  terminal 
styles  ai-e  three  in  number — e.  g.  Actinurus,  PMlodina  Neptunius,  Dinocharis, 
and  in  some  Steplianopes  ;  and  more  fi-equently  the  central  style  is  shortest. 
Two  terminal  styles  are  more  common.  Illustrations  are  found  in  Furcidana, 
Scaridium,  Distemma,  &c.  A  foot  ending  in  a  pair  of  styles  is  said  by  Ehren- 
berg to  be  '  forked '  {furcate). 

In  niunerous  species  the  styles  have  much  rigidity,  and  are  greatly  elon- 
gated ;  in  such  instances  they  are  known  as  styhform  setae,  or  simply  '  setce.' 
Two  such  terminate  the  trunk  in  Notommata  longiseta,  N.  cequalis,  and  in 
N.  Felis — ^in  the  last-named  they  are  also  curved  backwards, — whilst  but  one 
is  produced  from  the  body  in  Monocerca  (XXXVIII.  399),  Mastigocerca 
(XXXIV.  438-440),  and  in  Batulus ;  in  the  last,  moreover,  the  base  of  the 
setse  is  surrounded  by  stiff  hairs. 

Another  very  common  termination  of  the  foot  is  by  a  pair  of  short  thick 
flaps,  moveable  on  their  base,  and  named  '  pincers,'  or  '  pincer-hke  processes.' 
Such  are  seen  in  Brachionus,  Hxjdatina  (XL.  1 ),  Enteroplea  (XL.  2),  Diglena, 
Eosphora,  Noteus  (XXXVIII.  25),  and  in  several  Notommata;  (XXXVIII  5 
25,  26).  ^ 

AH  the  preceding  varieties  of  the  pseudopodium  are  modifications  of  the 
articulated  telescoijic  type,  and  associated  with  a  tolerably  firm  cuticle.  But 
there  is  yet  another  type,  in  which  no  articulated  segments  occur,  and  which, 
from  the  softness  of  its  tissues,  is  thrown  into  wrinkles  or  folds  during  con- 
traction. Illustrations  of  this  are  found  in  all  the  ui-ceolate  genera  of  the 
Eotatona,  m.  in  Conochilus,  Lacinularia,  Melicerta,  TuUcolaria,  Stephanoceros 
}Jl  ^^)'  besides  these,  in  the  free  Meqalotrochcea 

(XXXII.  374-378)  and  in  Pterodina  (XXXV.  502-504).  In  the  attached 
genera  especiaUy,  this  form  of  pseudopodium  rather  merits  the  name  of 
'pedicle '  or  footstalk.  In  Pterodina  the  cylindiical  foot-process  is  trumpet- 
shaped,  and  discoid  at  its  free  extremity,  which  is  supposed  to  act  hke  a 
sucker.  A  suctorial  end  to  the  pedicle  is  likewise  presumed  to  exist  in  some 
or  ail  01  the  fixed  genera. 

Cilia  have  been  chscovered  on  the  extremity  of  the  pseudopodium  of  Ptero- 
dina and  Tuhicolaria,  and  on  that  of  Megahtroclia,  Lacinularia  (XXXVII. 
lU),  and  JJrachionus  in  the  young  or  immature  state 

XXXvff  oo^'o!J?Tf™/'  f'''^  ^  -^"^  Asplanchna  (XXXVI.  9; 
Se  obseLn"i?on^;  -Po^^'^Am,  Mira  (XXXVIIL  30),  and  Ascomorpha 
ihe  observations  of  these  and  other  particulars  concerning  the  pscudono- 
dium  ,ts  presence  or  absence,  its  stnictii-e,  its  length  relatively  to^thrbody 
Sion  0?  ZTJ:r''  '""'fif  T^"^^^^  «^--tei^  in  the  system^trc  dl^sS 
KZns  om?n  n  T'.''''^       ^'^"^     ^^ri^'^d  the  fundamental 

ThrfL/llt  n         '^'"'^  ^^y^S  (see  Classification), 

but  b  h£h ^rr''  f /^'^^^ti'-^y  ^  muscular  oiU ;  it  contains  no  ^nscera, 
L  some  Pv^^nf    T*^  ^^^Wosed  to  be  glands,  and 

vn^^^  «P^^°«  «^Woscd  by  some  to  be  JangU;,,  by 

otheis,  vacuolar  thickenings  of  the  connective  tissue  (XXXVII.  17  n)  The 
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anus  always  opens  at  the  base  of  this  segment,  and  on  its  posterior  aspect ; 
Snce  it  is  that,  though  often  caUed  a  tail,  it  is  rea  ly  not  homologous  mth 
that  aiiendao-e  of  higher  animals  ;  and  consequently  most  wi-iters  prefer  to 
nalTpTevlpocUum,  foot-process,  or  foot.    It  certainly  has  no  evident  re- 
semblance to  i  foot,  although  anatomicaUy  it  is  a  hmb  or  member  and  is 
Stionally  an  organ  of  locomotion  and  of  support.    It  is  much  less  con- 
ned S  motion  than  the  rotary  organ,  and,  from  its  occasional  absence, 
Wde^ly  a  non-essential  organ.    A  piincipal  pui-pose  which  it  seems  to 
LwerTs  that  of  a  rudder,  steering  the  animal  m  its  course  hke  the  tail  of  a 
S     However,  occasionally,  when  developed  in  a  styhform  manner,  as  m 
Sn-fa  (XXXIII.  423),  it  is  a  powerful  and  pecuhar  locomotive  append- 
elblingthT  animal  to  leap.    The  pincer-hke  termination  seems  to 
enable  thfanimals  to  hold  fast  to  or  gTasp  objects,  or  to  pu.h  themselves 
foiwSd     The  short  flexible  toes  developed  on  the  pseudopodiuni  and  the 
Ilposed  discoid  extremities,  sei-ve  to  attach  the  animal  whilst  the  head  may 
Woved  fr-eely  about,  or  whilst  it  advances  in  a  leech-hke  manner  by  the 
oltpmate  forward  movement  of  the  head  and  foot. 

'Xl^TvSCV.^  SXSTEM  A.B  MoVEME.XS  OF  .KE_  EoTAXOBlA.  J-^'f 

System -In  this  class  a  muscular  system,  subsement  to  the  factions  ot 
bcomotion,  nutrition,  &e.,  is  well  developed ;  and  t^^^^^^^^  ^emg 
ifc  atvnp+nrp  and  arrangement  are  distmctiy  visiuic.  j-uc 

cornigatmg  the  siulac^^^^  .  ^^^^^       ^jmd  sei-ving 

tremity  of  the  body  to  me  loiaiy    s  ripvploned    Dr.  Dobie  describes 

to  retract  those  parts,  are  the  most  .^^§1^^.,^^^,^^^^^^  J^bes  of  the  ciliated 
Hiuscular  bands  in  Flosculana,  P^^^^^^^P  ^^^^^^^^^  lobe  towai'ds  its  ex- 
head,  and  more  deUcate  fibres  f  .^S  Jhe  ^.^^^^^^  a^e  al  numerous,  large, 
tremity.  The  muscles  of  the  tail  (foot-piocess)  aie  a^o  n  -jCXXVin. 
a^d  stU  and  traceable  to  its  — ^  ^ntTr  part 

tr.X  rnrt  mfX^^^t  wSaLon  states  th.t  the J^^^^^ 

doubled  boneatli  the  belly.  Iho  countertoice,  wnei  ,  i  i^tjay 
tovex»  its  straight  S^^™ 'tirSf^S  s  *  « 

„{  the  '°tef™'°"f £''„n„„ction,  Lie  the  segments  ^selves  ha.e 
neuWof  eon.^tion.  Ho.eve,,  the  e—  of  th,s 
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process  much  depends  on  the  influx  of  fluid  forced  into  it  by  a  general  trans- 
verse contraction  of  the  body  which  is  seen  to  precede  it.  The  extension  of 
the  body,  after  having  been  shortened  by  the  contraction  of  its  longitudinal 
muscles,  is  chiefly  due  to  the  elasticity  of  its  integument,  which  has  an  in- 
herent tendency  to  constrict  itself  or  to  lessen  its  diameter.  Prof.  Williamson 
dissents  from  this  explanation,  beUeving  the  extension  to  be  due  to  the  cii-- 
cular  muscular  bands,  as  in  the  pseudopodia  of  the  Echinus  and  stai-fish,  or  in 
the  tnmk  of  an  eai-thworm.  The  shortening  of  the  body  is  provided  for  by 
the  sliding  stnictui'e  of  its  segments,  and  by  the  winkling  (XL.  1)  of  its  siu- 
face  (XXXIX.  1-3),  sometimes  by  both  these  modes  together,  at  others  by 
one  alone.  Even  where  its  length  is  diminished  by  the  formation  of  mere 
folds  of  the  skin,  those  folds  are  constant  in  position  and  arrangement. 
Longitudinal  folds  pretty  reg-ularly  disposed  occur  in  the  softer-skinned 
varieties — for  instance,  in  various  species  of  Notommata  and  Hyclatina. 

Muscles  supplying  special  organs  are  seen  in  connection  with  the  trochal 
disk,  the  maxillary  head  and  jaws,  the  alimentary  canal,  and  the  reproduc- 
tive apparatus  (XXXLX.  7).  Excepting  the  muscles  moving  the  rotary 
organ,  these  Avill  be  best  described  in  the  account  of  the  organs  with  which 
they  are  connected. 

The  trochal  disk,  and,  indeed,  the  whole  head  supporting  it,  is  constricted, 
corrugated,  contracted,  and  moved  from  side  to  side  by  considerable  muscles, 
extending  from  it  to  the  maxillge,  and  to  the  sides  and  posterior  boundary  of 
the  abdomiual  cavity  (XXXVIII.  28  a) ;  special  muscular  threads  act  upon 
particular  lobes,  prominences,  or  processes  which  may  extend  from  the  head 
or  its  cihated  disk.  In  the  trochal  disk  of  Melicerta,  Prof.  "Williamson  de- 
tected iuterlacing  threads  which  he  supposed  to  be  muscular  ;  and  Mr.  Gosse 
has  remarked  iu  the  same  animal  "  a  series  of  five  or  six  annular  threads 
set  in  the  inner  skin,  which  are  probably  muscular,  and  aid  in  the  complex 
movements  of  the  head."  Some  of  the  interlacing  threads,  which  Ehrenberg 
described  in  several  Eotatoria  (as,  for  instance,  in  Lacilunaria),  and  which 
at  one  time  he  regarded  as  vascular,  at  another  as  a  nervous  or  musculai* 
network,  probably  were  muscular,  although  most  of  them  were  merely  fibres 
of  connective  tissue. 

The  extrusion  of  the  head  and  trochal  disk,  after  retraction,  is  principally 
effected,  as  in  the  case  of  the  pseudopodium,  by  the  elasticity  of  the  integu- 
ment, consentaneous  with  the  relaxation  of  the  muscular  contraction, — this 
elasticity  serving  to  unroU.  the  involuted  head  and  trochal  disk,  and  to  expand 
their  parts,  and,  by  its  general  operation  on  the  body,  to  elongate  the  whole 
figure,  and  thereby  press  the  contained  fluid  forward  and  backward  against 
the  retracted  organs,  so  as  to  push  them  out.  Prof.  WUliamson  would  also 
attribute  the  protrusion  of  the  head  to  the  action  of  the  circular  muscles, 
as  he  does  not  think  there  is  sufficient  proof  of  such  elasticity  independently 
of  muscular  fibres.  The  retracted  head  and  appendages  of  the  Bryozoa  are 
thrust  outward  in  a  similar  manner. 

The  cilia  of  the  trochal  disk  have  generally  been  assumed  to  be  seated  on 
a  muscular  mass,  forming  the  cushion-like  contractile  thickenings  on  the 
head  of  the  Rotatoria  (XXXVI.  93).  These  structui-es  display,  according  to 
Dujardm,  no  distinct  muscular  fibres  ;  but  in  the  opinion  of  others,  such  are 
present.  Ehrenberg,  as  before  stated,  went  so  far  as  to  imagine,  not  merely 
a  network  of  muscular  fibrils  mo-s-ing  the  entii-e  apparatus,  but  also  a  series 
of  four  muscles  at  the  base  of  each  cilium  moving  it  in  every  chrection.  Such 
an  array  of  defimte  muscles  to  move  an  almost  imperceptible  organ,  is  not 
only  entirely  hypothetical,  but  most  improbable.  Loydig,  on  the  other  hand, 
opposes  the  idea  of  the  muscular  nature  of  the  trochal  disk,  and  regards 
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it  as  consisting  solely  of  the  soft  epidermic  tissue,  or  which  is  nearly 
the  same  thino  of  connective  tissue.    Much  discussion  has  arisen  concern- 
s'' r^BtmcW  composition  (L  e.,  in  a  word,  the  histology)  of  the  muscles 
S  Eotatoria.    Dujardin  and  Ecker  questioned  the  existence  of  actual  mus- 
ciilfr  fibres  hut  -ecognized  a  soft  contractile  substance,  often  di-awn  out 
S^o  thleacfi.    The  fomer,  however,  inclined  to  the  belief  in  the  existence  o 
determSa  e  muscles,  although  observation,  when  he  wrote,  had  not  made  it 
certaS^  Thus,  at  p  611,  when  describing  a  new  species  oi  Floscularia,  he 
JemS's  that,  "  by  gentle  compression  of  the  animal,  five  mdependent  cord^ 
wSrSought  into  4^  and  tolerably  regular  m  outhne,  which 

peiWought  to  be  called  muscles  ;  they  extended  through  the  pedicle  and 
+r>  the  extremities  of  the  lobes  of  the  rotary  organ.  ■  o 

Etenbe^r^^^^         presence  of  muscles  in  most  Eotatoria  and  in  a  few 
sneci™  bkved  he  had  detected  transverse  striation,_a  fact  which  would 

:Ssh  an  analogy  between  them  and  t^^-^^  ^^^^^ ^t^Xcribed  th 
hio-hlv-developed  organization  was  denied  by  Siebold  who  descnoea  tne 
muscles  to  be^of  the  non-striated  vai^  large  y  distributed  among  other 
Wrtebrata  as  weU  as  Yertebrata.  Bat  the  behef  now  prevails  that  the 
^^Ise^^n  of  transversely-striated  muscles  is  one  of  the  characteristics  of  the 
T^nt'itoria  although  non-striated  fibrHs  may  hkewise  occui-.  _ 
Rotatoria,  aitnou^n  element  of  muscle  is  the  primitive 

rV'SsZtn'::^^^^^^  S™t£g  sheath  or^ai-colemma 
^fT^h  fibie  aid  tS  ceTLten^  the  vital  conti-actile  substance,  or  the  sar- 
of  each  fi^'^f JiJL  „ads-"  Both  varieties  of  muscle,  simple  and  striated, 
cous  particles.  Leydig  adds      -dolu  transition  of  one  into  the  other 

bera:  in  EiwUams  tnquetra ;  by  Uscar  Dcnmmu  m  j.  ^^^^^UJ  30  in)  in 
S  the  foot  of  Scaridium  loncjicauclum,  vn  ^^^^f^^'T- by  Ley<h> 
SeUinal  muscle  of  1%^^^^^^^^ 

it  may  be  discovered  in  most  ^/^or^TsiSa  rows  'of  granules,  and  fine 
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perceive  that  each  one  is  invested  by  a  delicate  sarcolemma.  This  is  well 
seen  at  the  upper  part  of  the  taU,  where,  on  the  contraction  of  the  muscle,  the 
non-elastic  sarcolemma  becomes  corioigated,  and  only  recovers  its  smooth 
aspect  when  the  muscle  becomes  relaxed.  These  rugae  of  the  sarcolemma 
must  not  be  confounded  with  the  transverse  striae  of  the  muscular  fibre." 

Movements  of  Eotatoeia. — These  are  very  various ;  at  the  same  time 
some  vaxieties  are  so  constant  in  several  genera  and  species,  as  to  furnish 
characters  of  much  utility  in  the  systematic  distribution  of  the  class.  There 
are  two  principal  modes  of  locomotion, — one  by  simple  motion  onwards,  or 
swimming,  with  or  without  rotation  of  the  body  on  its  long  axis  (e.  g.  in 
Brachionus),  the  other,  confined  to  the  family  Philodincea,  by  crawling  after 
the  manner  of  leeches,  each  extremity  of  the  body  being  alternately  fixed. 
The  latter  mode  of  locomotion' is  partaken  with  the  first,  and  the  one  or  the 
other  resorted  to  at  the  will  of  the  animal. 

The  rotary  organ  is  almost  exclusively  concerned  in  producing  the  uniform 
swimming  movement  and  in  turning  the  animal  on  itself,  whilst  the  muscular 
tail  acts  as  a  rudder  in  directing  the  course.  The  trochal  disk  is  worked 
with  various  degrees  of  energy  and  completeness ;  when  in  full  action,  the 
velocity  attained  is  very  great. 

Usually  the  Eotatoria  swim  on  the  abdomen ;  but  exceptions  occur,  as  in 
Eosphora  Najas,  which,  hke  the  PhyUopoda,  swims  on  its  back.  Noteus  and 
a  few  others  turn  on  their  short  axis,  or,  in  common  parlance,  head  over 
heels.  Other  exceptional  modes  of  locomotion  are  met  with  in  Scaridium,  in 
Trmrthra,  and  Polyarthra  (XXXVITI.  30,  32),  which  have,  besides  the  or- 
dinary swimming  movement,  the  power  of  leaping  or  slapping,— in  the  fii-st, 
by  means  of  the  elongated  stylifoiin  tail,  which  can  be  doubled  under  the 
body,  and  then  suddenly  relaxed  hke  a  spiing ;  in  the  two  last,  by  the  aid  of 
some  rigid  bnstles,  or  eirrhi,  attached  to  the  body,  and  acting  hke  the  long 
legs  of  a  flea.  A  skipping  movement  is  likewise  attributed  by  Ehi'enberg  to 
Notommata  loncjiseta,  due  to  its  double,  long,  caudal  styles,  and  an  act  of 
rowmg,  by  means  of  a  long  lateral  spine  on  each  side,  to  Anurcea  biremis. 

Ihe  prec-echng  remarks  apply  to  the  locomotive  Eotatoria;  but  the  encased 
species,  although  unable  to  change  place,  have,  nevertheless,  a  considerable 
power  of  movement  within  and  about  their  urceoli.  They  can  extrade  the 
greater  part  of  their  body,  and  bend  themselves  over  the  edge  of  their  case 
or  mthdraw  themselves  entirely  within  it.  They  owe  this  latitude  of  motion 
chiefly  to  then-  long  pseudopodium  or  pedicle,  which  contracts  by  thi'owing 
Itself  mto  very  numerous  and  deep  wi^inkles;  for  in  none  of  the  attached 
species  18  this  organ  articulated.  In  comparison  with  that  of  the  pedicle 
the  capacity  of  the  trimk  of  the  animal  t'o  shorten  or  contract  itself  iXt 
smaU,  audits  transverse  folds  few,  distant,  and  coUected,  mostly  towards  the 

rSrSoS";  t"^''  "''T^?*^'  ui.;olated'EotItoria  a^ 

hmited  to  those  of  extension  retraction,  and  flexion  ;  and  the  extent  to  which 

mtmvo^dZSi^^'n^  niovemcnt  as  individuals,  a  cluster  of  such  a.  live 
L  3Tho  snbo  '  ^^^tance,  may  float  about  freely,  remiud- 

consirlrnbS m?  '^^^'^  locomotive  Eotifera  also  enjoy,  in  a 

Xrin JSe  rXr''  ^^-T""''. ^^^i^'  «^  bodies,-thus  fii^'ently 
torm.    Iheir  rotary  organ,  as  already  seen,  may  be  extruded  or  retracted 
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.  ,  .  1.^  A  f>,n  horlv  itself  may  be  extended  at  Ml  length,  or  very 
^'^^^t^^Jd^n  Lelf  So  Ll'^may  the^vhole  animal  be  contracted, 
mucb  the  charaJteristic  Eotatorial  organization  its 

^i^^TcJl^— "  - 

^^^^t^^^^^^  ^^^^ 

rest,  the  notary  organ  may  be  -t^ac^e^^^^^^^^  ^  ^ 

though  suspending     ^^^ctom  as^^^^^  ^^^^^ 
as  a  respiratory  organ,  as  weU  ^«  f        '°  ^  extremity  of  the  foot-process 
over,  is  often  in  active  ^^^^^^^^jf,      tifev^  as  on  a  pivot, 

-os'cillating  fL-om  side  to  -d^' ^-'^J,^^^^^^^  undo'ubted 
The  Digestive  System.— The  f  p  •  .^^or  from  a  mouth  to 

alimentary  canal,  evident  as  a  ^J^X'gSsV^^^^^^^^^^  accessory 
.  Vo^t^^r^^^^^^  dl»e  a^^^^^^^^^    and  in  male 

The  digestive  ^^^^^  JJ^^^^^J        ^^^^^^       the  encased  genera,  in  which 
S-iitVstS:  rcStro^itS  the  anus  advanced  forwai-ds  to  some  spot 

or  oral  cavity;  2nd,  the  pharj^  or  gg^ule  ^  ln.ach,  with 

1st  and  3rd,  the  --phage^^^  ^th' 'its 'outlet ;  and  6,  the 

^^^^P^E^^^  -  trochal  dis.  at 

Lacmularia  and  Mehcerta  (^;  ^^  and  Stephamceros 

seen,  is  placed  between  the  two  1^^^^^^^  ^^^^^ed  apparatus  of  the 

it  occupies  the  centre  of       ^^^^^^^f     wiations  fi-om  the  presence  of 
head.    The  ^louth  is  ^^o^^ojex  s^^^^^^^^^        Williamson  describes  two  small 
appendages  about  it.  Thus,  ^^^^^^'^A^  m^^^^      continuous  with  those  of 
projecting,  "  flattened  lobes  w^h  c^^ted  ^ar^, ,  cesophagus.' 
the  '  chin,'  which  obviously  assist  in  ^H^^CTrn^  .         ^         ciHated ;  and 
tychg  notices,  in  foto.n^^  S^Mdn  a  so  t  o  uppei  ^P, 
Huxley,  in  Lacinularia,  states  that  ™f  it  an  obcordate  form ; 

^:^Vnded  into"  two  toapo^^^^^^^^^^^  ^  lost 

these  lateral  Vo^^^f^^'^^rt^y^^  ^^r't. 
telow  in  the  ^^^^  of  ^he  phary^^^^  .^i^dcut),  and  is  termed  by  Dr.  Dobie  tl  e 
'^S^&tt^S:\^  edge  io  be  "frequently  divided  into 

^^^Sl'mouth  opens  posteriorly ^^to  ^^^^^^^^ ^It^t^^^^^^ 

I        "  The  first  term  has  likewise  oeen  upp  looseness  of  no- 

funnel,    ine  ^       j,ageal  head  "  and  the  stomach  ,  hence  lo 
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to  the  stomach.  If,  on  the  other  hand,  the  "  oesophageal  bulb  "  be  regarded 
as  an  accessorj^  stomach  containing  a  dental  apparatus,  as  in  the  lobster,  then 
the  term  oesophagus  belongs  to  the  tube  extending  between  the  mouth  and 
the  bulb.  The  following  physiological  distinction  is,  however,  noted  by  Prof. 
"Williamson,  who  says — "  The  stomach  of  the  lobster,  with  its  dental  append- 
ages, is  that  in  which  the  digestive  process  is  earned  on.  Such  is  never  the 
case  with  the  pharyngeal  bulb  of  the  Rotifera.  The  digestive  sac  is  situate 
lower  down.  The  pharyngeal  bulb  beai's  closer  affinity  to  a  gizzard,  resem- 
bling that  of  Bowerlanlda  and  other  Biyozoa,  diffeiiug,  however,  from  that 
of  a  bii-d,  which  is  located  below  the  "  proventriculus  "  or  time  stomach. 
However,  some  confusion  wiU.  be  removed  by  avoiding  the  term  "  cesophagm," 
and,  without  troubling  oiu-selves  with  the  precise  homologies  of  the  parts,  by 
naming  the  tube  between  the  mouth  and  jaws  the  "pharynx  "  or  "  vestibule  " 
the  jaws  themselves  with  their  surrounding  mass  the  "  maxillary  bulb  "  or 
mastax  (Gosse),  and  the  canal  between  the  last  and  the  stomach  the  pro- 
ventricular  or  gastiic  canal.  The  name  "  buccal  funnel  "  has  been  imposed 
on  the  tube  leading  from  the  mouth  to  the  maxillary  apparatus  by  Mr.  Gosse 
and  might  advantageously  have  been  adopted.  ' 

To  proceed.  The  pharynx  (XXXYII.  19  a;  XL.  23  m)  varies  much  in  its 
dimensions :  sometimes  it  is  a  narrow  tapering  tube,  and,  when  contracted, 
visible  only  as  a  double  line ;  at  other  times  it  is  wide  and  short,  and  then 
especially  desei-ves  the  name  of  "vestibule,"  since  it  ceases  to  be  a  canal, 
beveral  pecuhanties  m  its  structure  occur  in  different  genera,— the  most  re- 
markable in  Floscularia  and  Stephanoceros.  In  the  former  genus,  the  oral 
cavity  (infundibilum,  Dobie)  is  separated  from  the  pharynx  by  a  rim  armed 
by  non-vibratile  ciha ;  the  pharynx  itself  is  again  subdivided  by  a  fissured 
partition  or  diaphi-agm,  into  an  upper  space  (vestibule),  and  a  lower  large  and 
very  dilatable  cavity,  called  the  "  proventriculus  "  or  "  crop."  The  crop  ends 
below  m  or  in  some  measure  embraces,  the  maxiUary  bulb  (see  woodcuts, 
raxt  IL).  A  similar  structm-e  obtains  in  Stephanoceros. 
_  In  Melicerta  Prof.  WUHamson  observed,  within  the  phaiTnx  neai-  its 
junction  with  the  maxiUary  bulb,  the  cihated  lining  membrane  "  to  hanff  in 
several  loose,  vibratHe,  longitudinal  folds  ;  "  and  Prof.  Huxley,  in  his  account 
oi  Lacmulana,  gives  the  subjoined  summaiy  of  these  folds  and  valvular  par- 
titions A  narrow  phaiynx  leads  horizontaUy  backwards  fi-om  the  lower 
part  ot  the  buccal  cavity,  and  becomes  suddenly  widened  to  enclose  the  pha- 
ryngeal bulb  m  which  the  teelh  are  set  (XXXVII.  19  a).  Where  the  buccil 
cavity  meets  the  phaiynx,  a  sharp  line  of  demarcation  exists.  In  MeUcaZ 
Wo  cui^ved  knes  are  seen  m  a  corresponding  position,  and  evidently  indicate  two 

fohls  aSitSx^^^^^^  "T^r^  ^P^^^^^)-  ^rlcMoZ^tZ 

tolc^  are  stionger  (XL.  1  6)^hile  m  Stephanoceros  and  Floscularia  (XXXVII 
1  (is  19)  this  partition  between  the  pharynx  and  whnf  mnv  i\i 
crop  is  stiU  more  marked.  From  the\S^a?  n  of  trLr^-h'f  i  ' 
.pari.tion,two  dehcate  membranes  hang  ^o^u\^^  t't^^^ir.^; 
which  have  a  wavy  motion  ;  and  it  is  to  them,  I  think,  that  wLat  Mr  Gosse 
descnbes  as  an  appearance  of  'water  prnisfntifKr        ^  \-     ■  ; 

repicsonts  m  NoUm,  are  t™  conspicuous  stmolures,  dMcribed  by  that  auL? 
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to  be  vesicular,  and  not  improbably  salivary  glands  (XXXVIII,  27  i!)-  Mr. 
Huxley  alludes  to  these  structui-es  in  the  ensurag  account :— "  On  each  side 
the  phaiynx  is  a  yellowish  homy-looking  mass,  which  sometimes  appears 
cordate,  at  others,  more  or  less  completely  composed  of  two  lobes.  I  beheve 
its  function  is  to  give  strength  to  the  delicate  walls  of  the  pharynx,  and  that 
it  is  therefore,  to  be  considered  a  part  of  the  horny  skeleton." 

The  pharynx  ends  mostly  below,  and  partially  embraces  the  "  ma^vMary^ 
bulb  "  or  "mastax,"  which  contains  the  maxillas  or  jaws  supporting  the  "teeth," 
and  has  its  mass  made  up  of  nuclear  ceUs  and  muscular  fibres  (XXXVIII. 
26  m)     In  the  living  animal  the  bulb  is  almost  constantly  in  motion,  con- 
tracting and  expanding  itself  in  what  some  have  caHed  a  "  peristaltic  "  manner. 
This  alternate  and  constant  movement,  visible  even  in  the  embryo  before  escap- 
ing fi'om  the  egg,  was  mistaken  by  Bory  St.  Yincent,  and  other  of  the  older 
microscopists,  for  the  pulsating  action  of  a  heart.    The  apparatus,  however, 
is  rather  comparable  to  the  gizzard  of  birds,  or  to  the  tooth-crushmg 
mechanism  in  the  stomach  of  lobsters  and  other  Crustacea,  though  not, 
indeed,  homologous  with  it.    The  "  maxiUary  bulb  "  is  bulky,  more  or  less 
globose,  with  a  prevailing  tendency  to  a  triangular  figure  with  rounded 
angles  (XL  20  23,  24).    Sometimes  it  is  oval  or  ovoid,  and  still  more  com- 
monly heart-shaped,  from  being  notched  or  furrowed  on  one  side  indicating 
a  bilobed  structure.    In  Melicerta  m.  Gosse  figures  and  describes  a  third 
lobe  below  the  usual  "two  globose  bodies  (or  rather  the  bilobed  smgle 
mass),  equally  hyaline  and  probably  muscular,  which  seems  united  to  the 
two  others,  and  alters  in  form  as  they  and  the  jaws  work,  lengthening  down- 
ward as  they  approach,  and  dUating  and  shortening  as  they  recede 
("XXXVII  23) 

The  mass  of  the  "  maxiUary  bulb  "  siu-rounding  the  maxiUse  has  been 
eeneraUy  assumed  to  be  muscular,  and,  as  such,  actively  concerned  m  work- 
L  the  contained  jaws.    Gosse  caUs  it  a  "muscular  sac,"  and  has  even 
attempted  the  description  of  its  component  muscular  ban(^.    J^^ydig  has  re- 
presented the  jaws  to  be  acted  on  by  exqtusitely        «^  S^^f  /  (,™,^' 
31^     Prof  Williamson  admits  the  existence  of  muscles  afSxed  to  the  pro- 
cesses of  the  jaws,  but  states  that  the  conglobate  organ  in  which  these  are 
imbedded  "is  transparent,  and  composed  of  numerous  large  cells,  each  ot 
wHch  contains  a  beautiful  nucleus  with  its  nucleolus.     The  ceUs  are  only 
seen  when  the  organ  is  ruptured  between  two  plates  of  glass,  when  they 
rSdily  stparate  frL  one  other ;  but  the  nuclei,  with  then-  contained  nucleoh, 
afe  Sctly  visible  in  the  living  animal.     DeHcate  muscular  thi-eads 
most  probably  penetrate  this  organ  to  reach  the  dental  apparatus,  though  I 
Tve  not  yet  detected  them."    Here  a  great  discrepancy  of  opmion  appears 
between  ir.  Williamson  and  Leydig  and  most  other  writers,  respectmg  the 
conTtitoti^  of  the  globose  mass  of  the  maxillary  bulb,  and  such  as  only 
rpiterated  examination  can  remove.  -u-ij  „ 

dT  Leydig  asserts  that  the  bulb  is  covered  externally  by  a  chitmous 
membrane,  of  the  same  natm-e  as  the  cuticle,  and  that  the  existence  of  a  like 
meSbrre  in  its  interior,  developed  for  a  special  end,  constitutes  the  maxilhe 
Td  ap^^dages,  just  as  bristles  and  horny  plates  and  processes  are  developed 

""""'Tt't^^^^^^^s,  contained  within  the  soft  mass  of  the  bulb,  is 
visible  wftCut  any  preparation,  but  may,  from  its  hardness,  be  detaehed  ^y 
Zndrcompressing  or  cnishing  the  animal.  Although  much  denser  than 
I  S  tTZes  of  the  body,  yet  like  them  the  dental  apparatus  disappears 
the  soft  tissues  ot  tiie  Y' J  enormous  number  of  JiracJnom 

^^'ZT:t^Zier  X^ltt^  the  fl'uid,  and  having  burnt  the  desiccated 
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animals,  examined  their  ashes  chemically,  convinced  himself  they  contained 
much  phosphate  of  lime,  derived,  as  ho  supposed,  from  the  maxilla3.  Mr. 
Gosse  hkewise  concludes  that,  from  their  great  solidity  and  density,  and 
fi'om  the  action  of  menstrua  upon  them,  they  are  of  calcareous  nature. 

The  constiTiction  of  the  jaws,  and  the  number  and  position  of  the  transverse 
bars  or  '  teeth,'  afforded  Ehi-enberg  characters  of  primary  importance  in  the 
construction  of  his  system  ;  and  he  indicated  three  leading  types,  imder  ■which 
all  the  Eotatoria  could  be  classed,  viz. : — "  1 .  Agompliia,  toothless  ;  2.  Oym- 
nogomphia,  free-toothed  (unconnected) ;  3.  Desmogompliia,  connected  or 
attached  teeth.  In  Gymnogompliia  the  teeth  are  free  in  front,  and,  like 
the  fingers,  united  behind  by  a  common  band — ^the  jaw ;  in  DesmogompTiia 
they  are  attached  transversely  across  the  jaw-piece,  like  an  arrow  lies  across 
the  bow.  In  the  former,  again,  the  teeth  in  each  jaw  are  single  or  several  in 
number ;  in  the  latter,  either  two  or  many.  Hence  there  are  5  groups  : — • 
1.  Agomphia — e.  g.  Ichtliydium,  Clicetonotus,  Enteroplea;  2.  Monogomphia 
(one-toothed) — Pleurotrocha,  Furcularia,  Cycloglena,  Monostyla,  Lepaclella; 
3.  Polygomphia  (many-toothed) — Hydatina,  several  Notommatce,  Euclilanis, 
Stephanoceros,  Brachionus,  &c. ;  4.  Zygogomphia  (twin-toothed) — Callidina, 
Rotifer,  Actinurus,  Philodina,  Monolabis,  and  Pterodina ;  5.  Lochogomphia 
(teeth  set  in  rows) — Ptygura,  Megalotrocha,  Mclicerta." 

This  classification  of  the  Eotatoria,  however,  Ehi-enberg  confessed  to  be 
imperfect,  as  wanting  repeated  researches  to  fix  on  the  truly  generic  and 
specific  resemblances  and  differences  of  the  dental  apparatus.     In  fact, 
although  the  conditions  may  be  constant  in  the  same  species,  yet  they  are  so 
miuute,  that  they  frequently  can  be  made  out  very  imperfectly  and  with  un- 
certainty ;  and,  besides  this,  the  variations  in  the  positions  of  the  animal 
when  moving  its  body  appear  so  materially  to  alter  the  form  of  the  mechanism 
ia  question,  that  carefrd  students  often  differ  respecting  it  in  the  case  of  the 
self-same  animal.    To  illustrate  these  remarks,  we  may  appeal  to  the  descrip- 
tion of  Melicerta  ringens,  as  separately  and  independently  detailed  by  Prof. 
WiUiamson  and  by  Mr.  Gosse.    The  latter  represents  three  or  four  transverse 
bars  or  teeth  to  each  lateral  jaw  (XXXVII.  23),  the  foi-mer  above  a  dozen 
(XXXVII.  26) ;  the  one  detects  a  trilobed  bulb,  the  other  speaks  of  a  single 
conglobate  organ,  but  which,  from  his  figiu-es,  might  be  called  bilobed.  Addi- 
tional illustrations  of  such  doubt  and  uncertainty  are  to  be  found  on  compar- 
ing the  desciiptions  of  the  maxillary  organs  recoimted  by  any  two  observers. 
Ehrenberg's  representations  are  now  set  aside  by  all,  improvements  in  the 
microscope,  and  repeated  examinations,  having  demonstrated  theii-  erroneous- 
ness.     The  whole  tribe  of  Agomphia  or  toothless  Eotatoria  must  be  set 
aside ;  for  it  seems  a  well-established  rule,  that  no  female  of  the  class  is  de- 
ficient of  dental  organs,  and  the  genera  Ichthydium  and  Ghcetonotus  cannot 
as  before  shown,  be  retained  in  the  class.   Enteroplea,  again,  is  in  all  proba- 
bility a  male  animal,  and  Cypliona%ites  wants,  according  to  Ehrenberg's  plates 
the  characteristic  organization  of  Eotatoria  in  aU  its  details.    But  it  would 
be  useless  to  continue  an  analysis  of  the  other  types  established  by  the  Berlin 
Professor,  the  existence  of  any  one  of  which,  having  the  particulars  of  struc- 
ture assigned  to  it,  is  not  to  be  demonstrated.    What  is  worse,  wo  must  con- 
fess to  the  absence  of  any  one  detaUed  account  of  the  dental  apparatus  which 
can  be  received  with  impUcit  confidence  in  its  accuracy;  so  greatly  have  the 
leading  writers  on  the  Eotatoria  diff-ered  among  themselves  in  describing  the 
mechamsm  m  question. 

Dnjardin  distinguished  the  following  parts  in  the  maxillajy  apparatus  :^ 
the  "fidmnim  or  support,  a  single  central  piece  with  two  articulated  branches  ; 
the  '  scafm    or  lateral  branch  ending  in  an  articiUated  point,  "  «ctVs,"  and 
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itself  single  or  multiple,  whicli  is  the  jaw  properly  so  called.  In  most  cases, 
says  Siebold,  the  homy  jaws  consist  of  two  bent,  geniculate  processes,  an 
anterior  and 'a  posterior;  the  latter  gives  attachment  to  the  muscles  moving 
the  apparatus,  whilst  one  or  several  teeth  are  developed  on  the  former.  In 
some  many-toothed  Eotatoria,  each  jaw  is  provided  with  three  homy  arches 
(e  q  in  PUlodhm,  Lacinularia,  and  Melicerta).  Two  of  these  arches  {arcus 
stmerior  et  inferior)  are  turned  inwards,  whilst  the  thii'd  {arcus  exterior)  is 
directed  outwards.  To  the  under  arch  the  muscles  of  the  jaw  are  attached, 
which  move  the  other  two  arches,  with  their  transverse  teeth,  agaiast  each 

0  til  61" 

Williamson  gives  the  foUowing  particular  account  of  the  grinding  apparatus 
of  Melicerta  •— "  The  gastric  teeth  consist  of  two  essential  portions,  a  pair  of 
strong  crushing  plates,  wHch  bniise  the  food,  and  various  appendages  afford- 
ing leverage  and  facilitating  the  action  of  the  muscles  upon  them,  ihe 
crushers  are  two  broad  elongated  plates  (XXXVII.  26),  each  being  about 
1  th  of  aa  inch  long,  and  separated  from  each  other  at  the  mesial  hne,  near 
^ch  they  become  much  tHckened.    From  each  of  these  plates  there  proceed 
lateraUy  numerous  paraUel  bars,  aU  of  which  ai'e  somewhat  thickened  at  their 
inner  extiemities  where  they  are  attached  to  the  plates,  whilst  at  their  oppo- 
site ends  they  are  united  with  the  others  of  the  same  side  by  a  curved  con- 
necting bar  (fig.  26),  from  the  outer  sides  of  which  are  given  off  various 
loops  ^d  processes.    The  three  uppermost  of  these  bars  are  the  largest  the 
rest  gradually  diminishing  in  si^e  and  stiength  as  we  descend,  the  mienor 
ones  being  almost  invisible.    From  the  upper  extremities  of  the  two  ciphers 
there  proiect  upwards  and  backwards  two  slender  prolongations  united  by  a 
kind  of  double  Mnge-joint  near  their  apex,  where  they  not  only  play  upon 
other,  but  also  oi  a  third  smaU  central  fixed  pomt,  lodged  m  a  htt  e 
conglobate  cellular  mass.    Ehrenberg  only  descnbes  three  transverse  bais 
on  ^ach  side,wHch  he  regards  as  teeth.    It  is  obvious  tt^*  £ 
noticed  the  thi-ee  upper  and  larger  pairs.    It  is  equally  evident  that  these 
tia^verse  teeth,  as  he  terms  them,  do  not  move  upon  the  strong  longitiid^al 
Sates  as  he  imagines,  but  are  fii^mly  united  with  them.    Muscles  are  either 
attached  to  the  divergent  peripheral  processes,  or  to  the  cellular  mass  m 
wSlese  processes  are  imbedded,  causing  the  entire  apparatiis  to  separate 
T^^f^o  narts  along  the  mesial  line  by  means  of  the  hmge  joint,  the  so- 
i^trtee'tfrn^idy' transmitting  the  motor  force  to  the  two  longitiidmd 
Sates     These  latter  appendages  are  thus  made  to  play  upon  each  other  with 
great  power,  and  act  as  efiicient  crushers,  bruising  the  food  before  it  passes 
Eto  the  stomach,  as  is  the  case  with  the  gastric  teeth  of  the  Crustacea 
From  the  above  remarks  it  will  be  seen  that,  thougli  m  its  construction  the 
dental  apparatus  is  more  complex  than  is  represented  by  Ehrenberg,  m  its 
■mndp  of  working  it  is  less  so." 

Prof  Mey,  to  quote  another  accui-ate  English  obseiwer,  has  seen  ui 
Lacimdaria  sodaMs,  as  also  in  Stephanoceros,  the  "  phaiTngeal  armature  com- 
posed of  fotu  separate  pieces  (XXXVII.  30)  :  two  of  these  (which  form  th^ 

of  Mr.  Gosse)  are  elongated  triangular  pnsms,  ^^PP^^^^.  t°Sf 
therflat  inner  faces  the  upper  faces  are  rather  ^!^^'^^^X""^%^^''f^' 
fnSs  are  convex,  and  upon  these  the  two  other  pieces  (the  mallei  of  Mi. 
JwWre  articxJated.  These  last  are  elongated,  concave  internaUy,  convex 
Semly  and  present  two  clear  spaces  in  theix-  interior  ;  .^o-  the™er 
!5  tHn  curved  plate  projects  inwards.  At  its  anterior  extremity  this 
t  bio^srand  divided  into  five  or  six  hard  teeth  with  shghtly  en- 
P  1  ivp3Ls  Posteriorly  the  divisions  become  less  and  less  distmct, 
SI  ptte  Ss  qSte  the  Appearance  of  the  rest  of  the  piece."    This  is 
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essentially  the  same  structure  as  that  of  the  teeth  of  Notommata  described  by 
Mr.  Dalrymplo  {Phil.  Tram.  1849),  and  by  Mr.  Gosso  (XXXVI.  6)  {T.  M.  S. 
1851),  and  very  different  from  the  stirrup-shaped  "  ax-mature  "  represented 
by  Ehi-enberg  and  Dujai'dki  in  Laeinularia.  Prof.  Huxley  notes,  moreover, 
the  omission  of  the  two  pieces  constituting  the  "  incus,"  in  the  description 
given  of  the  apparatus  by  Leydig. 

The  last-named  author  has  attempted  no  general  description  of  the  dental 
organs,  and  has,  in  the  specific  details,  so  briefly  adverted  to  their  structure, 
that  he  would  seem  to  attach  to  them  little  importance.  He  has,  however, 
figured  the  maxillaB  of  Notommata  Sieholdii  (XXXVII.  31),  wishing  especially 
to  represent  the  transversely-striated  muscles  acting  upon  them.  He  men- 
tions the  maxillae,  which  occupy  the  spacious  angular  maxillary  bulb,  as  ex- 
hibiting a  bifid  or  forked  portion,  hooked  at  the  ends,  with  a  spine  projecting 
from  the  inner  side,  and  a  margin  on  the  outer  side :  to  the  latter  the  strong 
muscles  for  opening  and  shutting  the  maxillas  are  affixed.  The  transverse 
striation  of  the  muscles  is  particularly  brought  into  view  by  pressure  on  the 
apparatus.  Cohn  (Zeitschr.  1855)  has  some  very  precise  details  respecting 
the  structure  of  the  dental  mechanism  of  Hydatina  senta,  and  of  two  or  three 
other  Eotatoria ;  but  it  would  lead  us  beyond  our  scope,  to  transfer  them  to 
our  pages. 

The  most  elaborate  attempt  to  unfold  the  true  structure  of  the  maxillte, 
and  to  reduce  all  the  varied  forms  to  a  common  type  the  essentials  of 
which  are  always  detectable  notwithstanding  any  degree  of  general  modifi- 
cation, has  been  made  by  Mr.  Gosse.  The  diversity  of  descriptions  met  with 
among  writers  on  the  Eotatoria,  respecting  the  maxiUte,  is  materially  due  to 

the  limited  examination,  undertaken  by  any  one  of  them,  of  those  organs,  

each  observer  having  studied  some  one,  or  at  most  but  a  few  species,  and 
then  describing  the  peculiar  maxiUary  organs  met  with  as  pervading  the 
whole  plass :  such  as  is  essential  to  the  discovery  of  their  true  relations,  a 
cpmparison  of  theix  stracture  among  aU  the  genera,  has  been  neglected.  The 
right  mode  of  study  seems  to  have  been  undertaken  by  Mr.  Gosse ;  but  his 
conclusions  require  to  be  tested  by  repeated  observation  (Phil.  Trans.  1855). 
.  His  method  of  manipulation,  for  the  ptu-pose  of  examination,  is  well  worth 
noting.  He  says  (op.  dt.  p.  424),—"  In  the  course  of  experiments  with 
various  chemical  reagents  on  these  animals,  I  found  that  a  solution  of  potash 
had  the  effect  of  mstantly  dissolving  the  flesh  and  most  of  the  viscera,  leaving 
the  general  integument,  the  walls  of  the  pharyngeal  bulb,  and  all  the  solid 
parts  of  the  manducatory  apparatus  uninjui'ed.  In  most  cases,  also,  the  last- 
named  organs  are  expelled  from  the  visceral  cavity  by  the  contraction  of  the 
integuments,  so  that  they  float  at  large  in  brilhant  cleai-ness,  undimmed  by 
mtei-vemng  tissues,  and  as  patent  to  observation  as  when  crushed  between 
plates  of  glass,  mth  the  advantage  of  aU  the  parts  being  unbroken  and  re- 
taining theu'  relative  positions.  Now,  by  tiu-ning  the  screw  of  the  compres- 
sorium,  flattening  or  deepening  the  drop  of  water,  waves  were  communicated 
to  It,  by  means  of  which  the  floating  bulb,  being  nearly  globular,  was  made 
IheT/e  ^^^"^     P^'^^'^^*'      succession,  various  aspects  to 

To  display  his  researches  ever  so  briefly,  we  must  first  introduce  his  no- 
menclative. Ihe  gizzard  or  enclosing  maxiUary  bulb,  he  calls  the  ma^taw 
(XL.  20) ;  and  declares  it  to  be  a  muscular  trilobate  sac.  The  ma.villce  con- 
sist of  two  gemculate  bodies  (mallei)  (XL.  20  6),  and  a  third  on  wliich  they 
work  («^cw^)  (XL.  20  /).  Each  malleus  is  of  two  parts-1,  the  manuhrixvm 
(c),  and  2,  the  un^m  (e),— united  by  a  liinge  joint.  The  manubrium  is  a 
piece  of  in-eguIar  form,  consisting  of  carinm  of  solid  matter,  enclosing  three 
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areas,  which  are  filled  with  a  more  membranous  substance.  The  uncus 
consists  of  several  slender  pieces,  more  or  less  parallel,  arranged  like  the  teeth 
of  a  comb,  or  like  the  fingers  of  a  hand. 

The  incus  consists  of  two  rami  (g)  articulated  by  a  common  base  to 
the  extremity  of  a  thin  rod  (fulcrum)  in  such  a  way  that  they  can  open 
and  close  by  proper  muscles.  The  fingers  of  each  "  uncus  "  rest  upon  the 
corresponding  ramus,  to  which  they  are  attached  by  an  elastic  hgament.  The 
"  mallei  "  are  moved  to  and  fro  by  distiuct  muscles  ;  and  by  the  action  of  these 
they  approach  and  recede  alternately,  the  "rami"  opening  and  shutting 
simultaneously,  with  a  movement  derived  partly  from  the  action  of  the 
"  maUei  "  and  partly  from  their  own  proper  muscles. 

Under  all  the  vaiiations  in  form  and  disposition  of  the  parts  presented  m 
Euchlanis,  Anuro^a,  SynchcBta,  Diglena  (XL.  24),  J^/^J""' 
Monocerca,  &c.,  the  same  type  prevails  as  in  Brachionus  (XL.  2()-2d)  (wbicti 
is  the  genus  Mr.  Gosse  uses  as  his  standard  of  comparison).    Ihe  modilica- 
tions  in  those  genera  may  in  general  "  be  considered  as  successive  degenera- 
tions of  the  '  maHei,'  and  augmentations  of  the  incns.    In  another  coUection 
of  genera  (the  fixed  or  urceolate),  the  organs,  although  essentially  the  same 
as  ii  the  former  type,  are  somewhat  disguised  by  the  excessive  dolatationot 
the  'mallei,'  and  by  the  soldering  of  the  unci  and  rami  together  mto  two 
masses,  each  of  which  approaches  in  figure  the  quadi-ant  of  a  sphere,  ihe 
ascribed  '  stirrap-shaped '  annature  of  the  Philodincea  arises  fi-om  misappre- 
hension ;  for  it  has  no  essential  diversity  from  the  common  type,  their  analogy 
with  the  genera  last  mentioned  being  abundantly  manifest,  though  they  are 
still  further  disguised  by  the  obsolescence  of  the  '  manubna.'    Jja  Flosmlana 
rXL  25  26)  and  Stephanoeeros  (XL.  27,  28)  the  most  aberrant  Eotatona, 
the  'mastacc  '  is  wanting  ;  and  in  the  former  genus  the  incus  a_nd  manubna 
Ire  rXced  to  extreme' Evanescence,  though  the  two-fingered  unci  show 
m  theii'  structiire,  relative  position,  and  action,  the  true  analogy  of  these 

''"'^A^  to  their  homology,  he  argues  they  have  no  true  affinity  with  the  gastiic 
ieet  of  ae  C™rcea%ugh  he  states  his  conviction  that  the  Eotifera  belong 
to  the  ereat  Arthropodous  division  of  animals.  ,    .    ■,  •  . 

"  The  action  of  the  homy  jaws,"  Mr.  Gosse  remarks  in  1^.  account  of 
Mdicerta,  "  is  not  exactly  that  of  two  flat-surface  muUers  working  on  each 
otCv  ln  L  grinding  manner,  but  a  complex  motion  impossible  to  be  explained 
bv  woSs  "  Sine!  the  nature  of  our  work  has  compeUed  us  to  hmit  ourselves 
to  a  mere  outline  of  Mr.  Gosse's  most  elaborate  and  important  reseai-ches  on 
the  manducatory  organs  of  the  Eotifera,  we  cannot  too  strongly  recommend 
the  sSS  to  r7fer  to  that  gentleman's  essay  in  t}.e  Tran.act^o.^s  of  he  Royca 
Socil,  both  for  a  more  complete  acquaintance  with  his  views  and  discoveries 
felS  to  those  particular  organs,  and  for_  a  host  of  valuable  details  on 
other  narts  of  the  anatomy  of  this  class  of  animals. 

Some  Eotatoria,  the  so-caUed  single-toothed  species,  have  tlie  faci^y  of 
nrotruding  their  maxilla  beyond  the  mouth,  and  of  usmg  them  m  this  cuiious 
rs  STL  prehensile  organs.  Thus  the  animal  is  enabled  to  seize  iipon 
Sev  ^  hout^  awaiting  its  being  casuaUy  engulfed  withm  the  vortex  of  its 
Sted  head.     Examples  are  found  in  SyncJueta  morda^v,  m  Drstemma 

^fhlist;;bS:^^^^^^ 

hrnnous  cSaf  iith  thd  stomach-the  next  division  of  the  ahment^uy  ti^e 
S  c^naUs  ve^  commonly  tcinned  the  oesophagus ;  but  we  prefer  to  call  it 
SSVoveitriclT  canal,  to'avoid  confusion  and  doubtfd  analogies.    It  com- 
mences at  the  posterior  inferior  part  of  the  bulb. 
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Loydig  represents  this  tube  to  be  lined  by  a  continuation  of  the  chitinous 
inner  layer  of  the  maxillary  bulb,  and  uses  this  view  to  explain  the  distinct- 
ness of  outline  frequently  remarkable  in  the  walls  when  of  eonsiderable 
thickness,  e.  g.  in  Notommata  centrura  (XXXVIII.  26  q)  and  iV.  tardigrada. 
Tins  sharp  contour  is  especially  manifest  diuing  contraction  of  the  canal, 
whereby  it  is  tlirown  into  transverse  folds  or  wrinkles,  noticed  by  Ehrenberg 
under  the  title  of  "  hard  oesophageal  folds,"  and  elsewhere  of  a  "  rather  firm 
fi-amework  at  the  commencement  of  the  oesophagus."  Leydig  adds—"  The 
organs  described  by  Ehrenberg  in  Notommata  saccigera,  as  '  large  vibrating 
giUs,'  must,  I  think,  be  considered  transverse  folds  of  the  chitin  membrane 
in  question."  The  existence  of  so  dense  a  lining  to  the  gastric  tube  implies 
the  absence  of  cilia  on  its  surface  ;  and,  in  fact,  Leydig  declares  he  has  never 
seen  the  least  sign  of  such  organs,  although  both  Perty  and  Williamson  aliinn 
their  existence.  The  folds  into  which  this  tube  is  thrown  when  contracted 
are  occasionally  {e.  g.  in  Notommata  Sieholdii)  (XXXVII.  22)  longitudinal 
instead  of  transverse.  Mr.  Gosse  says  of  it  that  it  is  "  composed  of  longitu- 
dinal and  annular  contractile  tissue,"  and  that,  at  least  in  Asplanchna  prio- 
donta  (XXXVT.  9  i),  "  it  is  capable  of  immense  dilatation,  but  commonly  takes 
the  form  of  a  slender  tube  with  the  lower  extremity  swollen,  where  an  oval 
pancreatic  gland  is  attached  on  each  side.  The  passage  of  a  small  morsel, 
such  as  a  Chilomonas,  shows  that  the  walls  of  this  organ  are  thick,  leaving 
only  a  slender  tube  when  corrugated."  However,  in  different  species  the 
width  and  the  thickness  of  its  waUs  vary  much.  The  proventricular  canal 
has  a  considerable  length  in  Diglena  and  SyncJmta  ;  it  is  rather  long  in 
Triarthra,  Lacimdaria,  and  Hydatina,  and  very  short  in  EucJdanidota,  Bra- 
chioncea,  and  Melicerta.  In  not  a  few  genera  it  is  altogether  wanting,  the 
maxillary  bulb  being  superposed  immediately  upon  the  stomach  :  such  are 
Ascomorpha  and  the  genera  of  the  family  Philodincea. 

The  stomach  succeeds  to  the  gastric  canal  as  a  distinct  segment  separated 
from  the  alimentary  tube  below  by  a  constriction,  and  is  remarkable  also  in 
general  by  its  greater  capacity  (XL.  1  e).  Leydig  affirms  that  a  portion  of 
the  digestive  canal  separated  from  the  rest  by  a  constriction,  and  essentially 
representiag  a  stomach,  exists  in  aU  true  Eotatoria;  but  other  writers  describe, 
as  ia  Philodina  (XXXVIII.  1,  2),  and  iu  Lindia  (XL.  1,  3),  the  existence  of 
a  straight,  slender,  fannel-Hke  alimentary  canal  extending  from  the  mouth 
to  the  cloaca  without  any  constriction  or  any  stomach  dilatation.  In  Hy- 
datina and  Synchasta,  Perty  says  the  canal  is  uniform  in  calibre,  without  any 
stomach-like  expansion  ;  yet  Cohn  distinguishes  the  narrower  lower  end  of 
the  alimentary  tube  of  Hydatina  as  an  intestine,  because  it  is  less  constantly 
occupied  with  food,  is  colourless,  and,  unlike  the  stomach,  has  no  such  cells 
on  its  wall.  Moreover,  as  an  irregularity,  he  twice  met  with  a  sphincter- 
like constriction  {pylorus)  separating  the  two.  In  EucJdanis  and  Brachionus, 
on  the  other  hand,  the  division  is  clearly  indicated  (XXXIX.  16). 

The  opposing  statements  of  authors  on  this  question  may  probably  be  re- 
conciled on  the  supposition  that,  of  different  observers,  some  have  viewed  the 
canal  when  it  has  been  fnU  and  distended,  others  when  empty  and  contracted, 
and  that  the  constriction  indicating  a  definite  stomach  has  appeared  only 
diu-ing  repletion,  just  as  happens  with  the  human  stomach,  which,  when  fuU 
and  engaged  in  digestion,  is  deeply  constricted,  and  for  the  time  appears 
almost  nice  a  double  organ. 

Ehrenberg  (Ustinguished  four  tjqics  of  Rotatoria,  according  to  the  clia- 
racters  of  the  alimentaiy  tube,  which  he  respectively  named— 1.  TracJido- 
gasinca;  2.  CoeJogastrica  ;  3.  Gasterodela ;  4.  Traclielocystica. 

1.  The  TracJielogastrica  comprehended  animals  liaving  a"  long  filiform  gullet, 
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rapidly  transmitting  and  not  retaining  the  food,  and  terminating  in  a  compa- 
ratively short  conical  intestine,  without  a  stomach  dilatation,  e.  g.  Ichthydium, 
Clicetonotus. 

2.  Goelogastnca,  Kotatoria  with  a  very  short  gullet,  a  long  conical  in- 
testine, and  no  stomach,  e.  g.  Hydatina,  Syncliceta. 

3.  Gasterodela,  those  Eotifers  having  an  evidently  developed  stomach,  or 
a  dilatation  of  the  alimentary  canal  limited  by  a  definite  constriction, 
e.  g.  Euchlanis,  BracMonus,  Lepadella,  Diglena,  &c. 

4.  Trachelocystica,  with  an  indistinct  gnJlet,  but  having  a  very  long,  fiH- 
form,  small  intestine,  in  which  the  food  is  detained,  and  also  a  large  globular 
intestine  (rectum  or  cloaca)  placed  close  to  the  discharging  orifice,  e.  g.  Botifer, 
Actinurus,  Philodina. 

Subsequent  iudependent  observers  have  been  able  neither  to  recognize  all 
these  distinct  types  of  structure  nor  to  admit  their  value.  Leydig,  in  fact, 
insists  that  the  so-called  "  gasterodelous  "  type  is  the  only  one  seen  in  Rota- 
toria ;  but,  as  just  now  stated,  several  authors  admit  the  existence  of  a  simple 
conical  or  tapering  alimentary  tube,  without  dilatation  or  stomach,  in  several 
of  the  class. 

The  Trachelogastrica  are  represented  only  by  beings  which  are  now,  by  gene- 
ral consent,  excluded  from  the  Eotifera.  The  termination  of  the  intestine  in 
a  dilated  sac-like  expansion,  iu  which  also  the  generative  canals  end,  whence 
its  name,  "  cloaca,"  is  the  rule ;  or,  to  use  Ehrenberg's  term,  the  majority  of 
the  Eotatoria  are  Trachelocystica. 

The  stomach  dilatation,  like  the  rest  of  the  alimentary  canal,  is  capable  of 
great  expansion,  by  which  its  figure  is  considerably  altered.    IJsuaUy  but 
one  gastric  cavity  has  been  described ;  but  in  some  species  there  is  a  second, 
and  Huxley,  in  Ms  history  of  Lacinularia  (XXXVII.  19),  describes  three 
portions  or  divisions  between  the  gastric  canal  and  the  rectum,— the  first 
with  two  pyriform  sacs  opening  into  it,  the  middle  one  frequently  with  several 
short  ceUular  cceca,  and  the  lowest  with  several  cellular  ceeca  projecting  ex- 
ternaHy,  and  clothed  within  with  very  long  ciha.    According  to  Prof.  Wil- 
liamson, the  stomach  of  Melicerta  (XXXVII.  17)  consists  of  an  upper  and 
lower  segment,  separated  the  one  from  the  other  by  a  marked  though  vary- 
ing constriction,— the  upper  stomach  elongated,  the  lower  ahnost  spherical. 
Mr.  Gosse  describes  this  same  organization  in  Melicerta,  but  caUs  the  upper 
seo'ment  "  a  wide  cylindrical  stomach,"  and  goes  on  to  say  that  the  food 
passes  from  this  into  a  globose  intestine  which  ends  in  a  slender  but  dila- 
table rectiim.  ,    ■    c    i  /w^Trrr 
A  similar  double  organ  is  found  m  Flosculana,  Steplianoceros  (XAAVii. 
1  f )  and  Tubicolaria.     Moreover  Ehrenberg  noted  a  sac  attached  to  the 
stomach  of  MegalotrocJia,  which  he  caUed  a  caecum.    The  coiifigm-ation  of 
the  stomach  is  otherwise  altered  by  tubular  and  saccular  appendages,  and  m 
a  few  instances  is  lobular,  as  stated  by  Mr.  Gosse  in  Asplanclma  (XXXV 1. 
9  s)     Ehi-enberg  states,  at  p.  399  of  his  great  work,  that  the  stomach  ot 
Lacinularia  is  compUcated  by  two  bUnd  tiibes  (intestines),  and  yet,  at  p.  403, 
reverses  this  statement  by  saying  that  it  is  "  without  bhnd  intestine-hke  ap- 
pendices "    Loydig  admits  the  latter  as  the  truth  ;  but,  as  already  seen, 
Huxley  remarked  two  pyrifonn  sacs  ati;ached  to  the  first,  and  cceca  to  each 
of  the  other  two  segments.    Ehrenberg  fui-thcr  describes  c«cal  appendages  to 
the  stomach  of  Notommata  clavulata,  and  of  Diglena  lacnstns,  but  such  were 
nrobablv  the  tui'gid  stomach-cells  presently  noticed. 

^  The  tissues  or  liistological  elements  entering  into  the  formation  of  the 
stomach  are— 1,  a  Hmiting  external  membrane,  and,  2,  an  mtemal  layer  ot 
epXelium  (Xl!  4).    The  former  is  the  same  tissue  with  that  constituting 


OF  THE  ROTATORIA. 


419 


the  waUs  of  other  portions  of  the  alimontury  canal,  and  is  supposed  by  many 
to  contain  muscular  fibrUltc,  although  so  very  thin,  pcUucid,  and  apparently 
structm-eless.  Leydig,  however,  calls  it  a  homogeneous  connective  tissue. 
The  Uning  of  opithehum  is  made  up  of  large  turgid  cells,  rendering  the  wall 
thick  and  of  a  pulpy  appearance  (XXXVIII.  26/).  In  young  animals  the 
epithehal  ceUs  are  coloiu-less ;  but  in  adult  beings  their  granular  contents 
arc  coloured  and  interspersed  with  fat-globules,  whence  it  is  that  the  walls 
of  the  stomachs  assume  a  yellowish  hue  often  intermingled  with  green  and 
bro-\vn  tiats.  The  cells,  moreover,  commonly  possess  a  nucleus  and  a  nucle- 
olus, and  their  free  surface  is  constantly  ciliated.  They  are  readily  detached 
from  the  subjacent  membrane  and  from  each  other,  and  are  then  seen  to  have 
a  spherical  or  ovoid  figiu'e. 

"  The  great  thickness  of  the  epithelial  layer,"  writes  Mr.  Williamson,  "  as 
compared  with  the  entire  diameter  of  the  organ,  is  curious  :  whilst  the  latter 
averages  about  ^^th  of  an  inch,  the  former  is  often  not  less  than  yi-g-th, 
or  -l-th  of  its  entire  diameter.  The  cells,  when  detached,  vary  in  size,  from 
a  diameter  of  Yrrtru^^  t°  Fcnro^^  °^  ^  ^^^^ '  "^^^  these  was  fringed  with 
ciHa  ^  B^uoth  of  an  inch  long,  and  had  a  nucleus  ^^^p^th  of  an  inch.  After 
being  detached,  some  of  the  ciliated  ceUs  floated  slowly  away,  like  so  many 
animalcules." 

Although  this  description  and  the  measurements  refer  specially  to  the 
Melicerta  ringens,  yet  the  relatively  large  size  of  the  cells  is  a  feature  com- 
mon to  all  the  Eotatoria,  and  has  been  pointed  out  and  figured  by  Leydig, 
Siebold,  and  others. 

The  second  stomach,  noticed  by  "Williamson  in  Melicerta,  also  had  a  layer  of 
epithelial  cells  bearing  cilia  "  even  longer  than  those  of  the  upper  viscus, 
— although  the  parietes  were  very  much  thinner  and  more  transparent,  the 
ceUs  being  less  easily  traced."  In  the  third  or  lowest  dilatation,  seen  by 
Huxley  in  Lacinularia,  the  interior  was  clothed  with  very  long  cilia  (XL.  4). 

Ehrenberg  remarked  the  existence  of  large  stomach- cells  in  Diglena  la- 
custris,  and  of  less  distinct  ones  in  Notommata  Myrmeleo  and  N.  Copeus.  The 
pouches  he  speaks  of  around  the  alimentary  tube  of  Hydatina  senta,  and 
which  imparted  the  appearance,  to  his  eye,  of  a  bunch  of  grapes,  are  no  other 
than  epithelial  cells.  In  Philodincea  the  intestinal  canal  is  stated  to  be  fili- 
form, and  enveloped  in  agranular  cellular  mass ;  that  is  to  say,  the  calibre  is 
very  much  reduced  by  the  turgid  cells  lining  the  walls.  The  compact  mass 
of  blind  tubules,  so  described  in  Rotifer,  admits  a  like  interpretation. 

In  Notommata  tardigrada  Leydig  failed  to  detect  cilia  either  in  the  stomach 
or  intestine. 

In  the  great  majority  of  the  Rotatoria  a  definite  "  intestine  "  follows  the 
.stomach,  and  ends  below  in  the  cloaca.  This  intestine  is  generally  Itnown  as 
the  "  rectum,"^  and  is  supposed  to  represent  the  large  intestine  of  higher  ani- 
mals. It  varies  much  in  its  dimensions  in  different  species,  especially  in  its 
length  and  course.  It  is  long,  straight,  and  capacious  in  Notommata  centnira 
(XXXVIII.  26),  and  in  Euchlanis  triquetra(XXXVIll.  5),  short  in  Lacinu- 
laria, and  extremely  short  in  Notommata  tardigrada. 

Among  the  encased  Rotatoria  it  is  of  considerable  length,  owing  to  its 
curving  forwards  fi-om  the  second  stomach,  so  as  to  reach  its  outlet  near  the 
margin  of  the  enclosing  urceolus,  or  in  other  words  the  neck  of  the  animal, 
and  thereby  provide  for  the  immedia  te  removal  of  the  excrcmentitious  matter 
from  contiguity  with  it  (XXXVII.  17).  In  Stephamcei  •OS  and  Floscidaria,  as 
exceptions  to  this  rule,  this  intestine  is  short.  Looldng  at  the  so-caUed  second 
stomach,  placed  at  the  head  of  the  rectum  in  those  fixed  Rotifers,  wo  might 
rather  assimilate  it  to  the  cajcum,  Avhich  in  some  of  the  higher  classes  forms 
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a  sort  of  subsidiary  stomach,  where  the  digestive  process  is  finally  completed. 
Still  it  is  not  possible  to  establish  all  the  minute  homological  relations  be- 
tween these  animals  and  those  of  the  vertebrate  class.    The  intestine,  like 
the  stomach,  has  a  limiting  membrane,  possibly  muscular,  and  is  lined  by  a 
ciliated  epithehum  which,  unlike  that  of  the  stomach,  is  not  coloured,  and 
its  cells  less  easily  detected.    It  is  capable  of  very  great  distension.  The 
rectum  commonly  ends  in,  or,  it  may  be  said,  expands  into,  a  globular  sac, 
which,  from  its  likewise  receiving  the  eggs  from  the  oviducts  opening  into  it, 
is  analogous  to  the  cloaca  of  birds  (XXXYIII.  26  t).    This  cloaca  has  a 
fine,  transparent  wall,  and  opens,  posteriorly  or  dorsally,  at  the  base  of  the 
pseiidopodium,  or,  where  this  segment  is  absent,  near  the  extremity  of  the 
body,  by  an  outlet  usually  called  the  anus. 

The  cloaca  is  particiilarly  dilatable ;  for  sometimes  it  is  much  loaded  with 
accumulated  fsecal  matter,  and  at  others  is  distended  by  one  or  more  of  the 
enormous  eggs  the  Kotatoria  habitually  produce.  In  discharging  an  egg,  or 
in  emptying  itself  of  other  matters,  the  cloaca  is  everted  and  thrust  out 
through  its  external  orifice.  . 

From  the  mode  in  which  the  waUs  are  drawn  into  longitudinal  and  circular 
folds,  as  exemplified  in  Notommata  centrum  (XXXVIII.  26),  Leydig  is  in- 
duced to  admit  the  presence  of  muscular  fibrils  regularly  disposed  m  the 
two  corresponding  directions.  Moreover  the  manner  in  which  the  cloacal 
orifice  is  closed,  after  the  extrusion  of  any  mass,  iadicatcs,  in  this  author's 
opinion,  a  sphincter  power,  and  consequently  the  presence  of  muscular  fibres 
around  it.  The  contraction  of  the  entire  canal  on  itself  is  sometimes  so  great 
that  it  is  only  manifest  by  a  streak.  ^  .   r  , 

A  most  remarkable  structural  exception  is  met  with  among  certain  iemaie 
Eotatoria,  viz.  the  entire  absence  of  an  intestine  and  anus.  It  prevails  in 
the  o-enus  Asplanchna  (Gosse),  in  the  Notommata  SieboMii  (Leydig)  (probably 
in  N  Siirinx),  va  Ascomorjyha  Helvetica  (Pertj),  and  in^.  Germamca  (Pei-ty) 
(XXXVI  9  •  XXXVII.  32 ;  XXXVIII.  28).  THs  want  of  a  discharging 
posterior  outlet  necessitates  the  rejection  of  excrementitious  matters  from  the 

stomach  thi-ough  the  mouth.  ,       i-  ttt-it 

This  structure  is  so  very  exceptional  and  peculiar,  that  Proi.  Williamson 
is  not  prepared,  without  further  evidence  than  has  yet  been  advanced,  to 
admit  it  as  true  of  any  Eotifera.  It  is,  he  writes  (in  lit.)  contraiy  to  pro- 
bability, and,  if  established,  would  induce  him  to  exclude  the  animals  so 

organized  from  that  class.  „    -,   n       -n  x  i.  • 

Eeception  of  Food— its  Deglutition,  &c.— The  food  of  the  Eotatoria,  as 
before  noticed,  is  attracted  towards  the  mouth  by  the  vortex  caused  by  the 
rotation  of  the  ciUa  crowning  the  head.  An  exceptional  means  of  prehension 
is  seen  in  those  Eotatoria  which  protrude  their  jaws  beyond  the  mouth,  usmg 
them  as  pincers  or  forceps  to  seize  any  larger  prey.  "  In  general  writes 
Mr  Gosse  (PhU.  Trans.  1856,  p.  429),  « the  cihaiy  voi-tices  are  sufficient  to 
bring  the  prey  within  the  buccal  funnel  (pharynx)  ;  but  m  several  genera 
of  the  famUy  EucUanidota,  as  Mctopidia,  Colums,  Monura,  and  Steplianops, 
there  is  a  curious  accessory  organ,  which  aids  in  the  captiu-e  of  the  prey ;  at 
least  I  am  sure  it  is  so  employed  in  several  species  of  Metopulia.  Urns  m 
M  acuminata  the  frontal  region  is  formed  by  an  arched  fleshy  process  occi- 
nitaHv  which  is  approached  by  a  smaU  one  on  the  '  mental  side  ;  and  be- 
tween these  is  the  Made  entrance  of  the  buccal  funnel.  The  occipitid  process 
is  nrotected  by  a  homy  crystaUine  plate,  forming  a  segment  of  a  sphere,  and, 
X  v'ewed  latera^^^  taking  the  appearance  of  a  cm<ved  horn  It  can  be 
pSv  protnided  and  retracted,  and  also  bent  do^™  to  meet  the  mental 
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aption.  A  strong  vortex  is  produced  by  the  ciliary  wheels ;  and  as  the 
floating  atoms  whirl  by,  the  moveable  plate  is  thrown  forward  Avith  a  grasp- 
in"-  motion,  the  fleshy  head  being  at  the  same  time  protruded,  and,  when 
the  lobes  are  in  contact,  retracted.  This  is  repeated  almost  every  instant 
with  manifest  eagerness  and  discrimination,  the  manducatory  apparatus 
working  vigorously  all  the  while. 

"  The  same  curious  organ  is  frequently  employed  in  another  way.  It  is 
bent  considerably  downward ;  and  as  the  animal  crawls  deliberately  up  and 
down  the  stems  of  aquatic  plants,  it  is  used  to  rake  and  grub,  among  the 
floccose  deposits,  the  minute  Diatomacece,  &c.,  that  adhere  to  them." 

Having  entered  the  mouth,  it  is  usually  rapidly  conveyed  along  the  pharynx 
to  the  jaws.  In  those  species  which  have  the  pharynx  expanded  into  a  "  crop," 
such  as  Floscularia  and  Asjilanclia,  this  transmission  of  the  food  is  less  speedy. 
Mr.  Gosse  imagines  the  "  crop  "  to  possess  a  suctorial  power.  He  says — 
"I  think  that  when  the  animal  {Asplanchna jpriodonta)  is  cognizant  of  food 
brought  to  the  mouth  by  the  ciliary  vortices,  it  suddenly  expands  the  crop  by 
the  action  of  the  muscles  that  go  from  it  to  the  skin,  when  the  water  rushing 
into  the  vacuum  carries  in  the  prey.  Then  the  network  of  fibres  contracts 
again,  and  the  prey  is  secured." 

Having  reached  the  "maxillary  head,"  the  food  is  "lodged"  (to  quote 
Mr.  Gosse's  paper)  "  upon  the  '  rami '  between  the  two  '  unci.'  These  con- 
jointly work  upon  the  food,  which  passes  on  towards  the  tips  of  the  '  rami,' 
and  enters  the  cesophagus  (the  proventricular  tube),  which  opens  immediately 
beneath  them." 

Haviug  escaped  the  mandibular  apparatus,  the  food  is  subjected  to  the 
action  of  some  digestive  fluids  which  are  poured  iuto  the  portion  of  the  ali- 
mentary tube  below,  whether  that  portion  be  dilated  into  a  distract  stomach, 
or  retain  a  nearly  uniform  calibre.  How  long  this  process  of  digestion  need 
be  continued,  we  have  no  data  to  determine ;  but  we  may  conclude  that  the 
time  win  vary  according  to  the  nature  of  the  food,  the  condition  of  the  animal, 
its  species,  and  other  circiunstances.  In  Melicerta  ringens,  which  has  a  double 
stomach,  Prof.  "Williamson  remarks  that  the  upper  one  "  appears  to  be  chiefly 
a  receptacle  for  the  food.  From  time  to  time,  especially  when  the  viscus  is 
distended,  a  portion  of  its  contents  pass  down  rate  the  lower  stomach."  In 
this  the  mass  of  food  usually  distending  it  "  is  constantly  revolving, — the 
motion  being  due  to  ciliary  action.  This  process  goes  on  for  some  minutes, 
after  which  the  creature  contracts  its  body,  and  forces  the  entire  exuviaj  out 
of  the  viscus  into  a  long  narrow  cloaca  (rectum),  which  terminates  externally 
by  an  anal  outlet.  As  it  does  this,  it  everts  a  considerable  portion  of  the 
cloaca,  thus  almost  briuging  the  cloacal  outlet  of  the  stomach  to  the  exterior, 
and  causiag,  at  the  same  time,  a  large  transparent  protuberance  to  be  deve- 
loped on  the  corresponding  side  of  its  body.  At  other  times  the  crcatm-e  can 
di-aw  in  these  appendages,  so  that  scarcely  any  trace  of  a  cloacal  canal  is  visi- 
ble." Mr.  Gosse  suggests  that  this  protrusion,  at  the  moment  of  discharge, 
is  designed  "  to  shoot  the  faecal  mass  out  of  the  case  "  (lu'ceolus) ;  for  the 
outlet  is  then  projected  above  the  rim.  "  The  faeces,"  he  adds,  "  ai-e  slightly 
coherent  and  jelly-like,  not  at  aU  like  the  coloured  pellets  of  which  the  urce- 
olus  is  biult  up." 

The  food  of  the  llotatoria  consists  of  the  lower  Alga3,  of  Protozoa,  Ento- 
mostraca,  other  Uotifers,  and  even  the  weaker  members  of  the  same  species. 
"  The  stomach,"  remarks  Mr.  Gosse,  "  of  the  Asplanchna  is  fi-cquently  occu- 
pied with  animals  ;  the  smaller  Anura;ai,  as  A.  aculcata,  A.  curviconiis  (?), 
and  A.  stijriiula  (?),  seem  to  constitute  its  chief  food.  I  have  taken  one  with 
the  species  last-named  in  its  stomach,  which,  after  about  an  hour,  was  ejected 
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and  swam  aboiit  as  lively  and  apparently  uninjured  as  ever.  In  one  I  saw 
several  specimens  of  a  long  slender  Fragilaria  loose  in  the  cavltj  of  the  body, 
and  in  the  stomach  of  another  the  long  cell  of  a  Conferva." 

From  the  manner  in  which  the  food  is  obtained,  apparently  without  any 
selection  on  the  part  of  the  animals,  the  vortex  diiving  into  the  mouth  what- 
ever particles  may  come  within  its  reach,  we  might  conclude  that  the  con- 
tents of  the  stomach  must  be  of  a  very  miscellaneous  character.  This  is  true 
to  a  great  extent ;  yet  the  Kotifers  can  eject  what  is  unsuitable,  and  they 
have  the  power  of  moving  from  place  to  place  in  search  of  suitable  nutri- 
ment, or  at  least,  as  in  the  fixed  forms,  of  arresting  and  withdrawing  the 
ciliary  apparatus  until  noxious  materials  are  floated  past,  or  appropriate  ones 
have  come  within  reach.  That  they  are  passive  recipients  of  the  current 
setting  into  their  mouths,  is  indicated  by  their  swallowing  carmine  or  other 
colouring  matters  mixed  with  the  water,  which,  as  Mr.  Gosse  observes,  are 
deleterious  to  them. 

The  feeding  of  Eotatoria  with  colouring  matter  serves  a  practical  purpose 
in  the  examination  of  their  structure  ;  for  it  helps  to  reveal,  by  the  contrast 
of  coloured  with  uncoloiu'ed  parts,  details  of  structui'e  not  apparent  amid  the 
uniform  and  delicate  hue  of  the  entire  organism  in  its  natural  state.  For 
example,  Mr.  Gosse  writes—"  The  process  of  swallowing  carmine  enabled 
me  to  see  (in  Melkerta),  very  distinctly,  that  the  oesophagus  enters  the  giz- 
zard between  the  larger  ends  of  the  jaw-muUers,  and  that  the  stomach-duct 
leads  off  from  their  smaller  ends  through  the  semiglobular  lobe  beneath." 
The  same  observer  employed  this  means  to  demonstrate  the  manner  in  which 
the  case  of  the  Melkerta  is  deposited,  and  with  veiy  satisfactoiy  results 

(see  p.  425).  •  •  , 

The  Secketing  System. — Special  organs  of  secretion  exhibit  themselves  in 
the  Eotatoria  under  the  simplest  form  of  ceHs,  and  of  involutions  of  the  lining 
membrane  of  the  alimentary  tube,  as  sacs  and  tubules.  Frequently  their 
contents  are  colored ;  and  these  always  differ  in  density  and  physical  ap- 
pearance from  the  general  fluids  of  the  body.  The  glandular  organs  situated 
about  the  waUs  of  the  digestive  canal,  are  supposed  to  have  dischargmg  duets 
through  which  their  contents  percolate  into  that  tube. 

The  testes  or  spermatic  glands  in  the  male,  and  the  ovary  in  the  female— 
both  of  them  secreting  organs,— together  with  some  accessory  secerning  vesi- 
cles, will  be  described  under  the  section  on  the  Eeproductive  Organs.  Some- 
thing has  abeady  been  said  of  some  other  glands  in  the  last  section,  on  the 
Dio-estive  Organs  :  a  more  precise  account  is,  however,  necessary. 

The  most  constant  glands  are  the  two  situated  on  the  upper  surface  of  the 
stomach  near  the  entrance  of  the  gastric  or  proventricular  tube,  and  some- 
times on  that  tube  itself  (XXXVni.  26  h,  271).  They  are  usually  hemi- 
spherical or  oval,  but  assume  other  shapes,  as  pyiiform,  corneal,  cyhndriciU, 
reniform,  crescentic,  and  forked.  In  a  few,  e.  g.  Noteus  and  some  Brachionaia, 
they  are  stalked,  or,  more  properly  speaking,  have  an  elongated,  tapenng  ex- 
tremity. Cylindrical  or  club-shaped  glands  are  seen  in  Notommata  cluvulata, 
and  forked  ones  in  Dirjlena  lacustris.  In  these  two  species,  and  also  m  Me- 
aalotrocha  there  are  lilvewise  fom-  long  fihform  tubes,  equalling  the  glands  m 
leno-th  and  of  the  like  coloui-,  but  opening  at  the  centre  instead  oi  the  tore- 
nart  of  the  stomach.  In  Pohjarthra,  Leydig  noticed  two  elongated  secrctmg- 
sacs  attached  to  the  poster/or  sui-face,  and  in  Lacinulana,  a  pair  ot  glands, 
instead  of  a  single  one,  at  the  fore  pai-t  of  the  stomach.  Not  being  able 
to  detect  the  ducts  of  the  "  2-3  pyriform  glandular  (?)  -loolong  bodies  often 
attached  to  the  Use  of  the  upper  stomach  (of  MeVu-erta)  near  the  constriction 
which  separates  it  from  the  lower  one,  Prof.  WiUiamson  hesitates  to  call 
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them  glands,  and  doubts  likewise  the  secretory  character  of  the  similar  hut 
lai-ger  bodies  seen  in  the  neighboiu-hood  of  the  oesophagus 

The  glands  are  usually  transparent,  or  have  only  a  shght  millcy  opacity; 
they  contain  fine  nucleated  granules  and  molecules,  and  m  some  examples, 
e.  q.  Folyarthra  (XXXVIII.  39)  and  Pterodina,  a  few  small  oil  vesicles. 
Externally  they  are  invested  by  a  transparent  homogeneous  membrane,  to 
which,  in  Albertia,  Dujardin  assigned  an  active  contractility ;  but  this  is  veiy 
doubtful.  "  They  are,"  says  the  French  naturalist,  "  stalked  sacs,  placed  at 
the  commencement  of  the  intestine,  susceptible  of  contraction,  pouiing  out 
their  secretion  into  the  intestine,  from  which  they  again  fill  themselves,  and 
undergo  dilatation  :  in  this  example  at  least,  these  appendages  must  be  con- 
sidered cffica  rather  than  glands."  "  Sometimes,"  Leydig  observes,  "  the 
elements  of  the  contained  granular  mass  have  an  elongated  figure,  as  in  iVo- 
tms ;  and  then  the  contents  of  the  glands  assume  a  striated  appearance." 
This  account  recalls  that  given  by  Mr.  WiUiamson  of  a  glandular  structiu-e 
he  supposes  may  possibly  represent  a  spermatic  gland  ;  but  of  this  hereafter. 
Cohn  believes  he  detected  the  exudation  of  a  blackish  granular  fluid  from 
these  glands  in  Hydatina  senta,  and  its  entrance  within  the  stomach  by  a 
definite  aperture. 

The  granular  vesicles  of  the  glands  were  termed  "  vacuoles  "  by  Dujardin, 
and  have  been  represented  by  Ehrenberg  in  many  figures,  e.  g.  of  Euchlanis 
macrura,  E.  dilatata,  Megalotrocha,  and  Lacinularia ;  they  have  also  been 
spoken  of  by  him  as  "  glands,  vesicular  within."  Moreover  the  shar^oly- 
defined  clear  vesicles  he  has  represented  in  Theorus  (XXXIV.  427-429)  and 
Pterodina,  and  termed  "  eyes,"  Leydig  believes  to  be  nothing  else  than  fat- 
vesicles  of  the  gastric  glands.  Mr.  Dali-ymple  has  accurately  figured  these 
glands  in  his  so-caUed  Notommata  (Asplanchna)  Anglica  (XXXVI.  9  g). 

The  function  and  homologies  of  these  gastric  glands  are  doubtful.  Ehren- 
berg's  first  notion  of  them  was  that  they  were  spermatic ;  but  he  subsequently 
changed  his  views,  and  called  them  "  pancreatic."  "  Eor  what  reason,"  says 
Prof.  Eymer  Jones,  "  Ehrenberg  has  given  the  name  of  pancreas  to  these  se- 
creting cEeca,  it  is  difficult  to  conjecture,  since  the  first  rudiments  of  a  pan- 
creas are  only  met  with  in  animals  far  higher  in  the  scale  of  animal  existence  ; 
every  analogy,  indeed,  would  lead  us  to  denominate  these  cseca  the  first  m- 
diments  of  a  liver,  by  far  the  most  important  and  universal  of  the  glandular 
organs  subservient  to  digestion,  and  in  a  variety  of  creatures  presenting  an 
equal  simphcity  of  structure." 

However  unsupported  the  notion  of  the  pancreatic  or  salivary  nature  of 
those  glands  may  be,  it  has  met  with  several  advocates,  who  have  in  all  pro- 
bability assigned  to  them  this  function  rather  from  the  want  on  their  part  of 
any  definite  opinion  of  their  character  than  for  any  other  reason.  Thus  Dal- 
rymple  aUudes  to  them  as  salivary  glands  ;  and  Perty  afiirms  of  two  filiform 
vessel-like  appendices  of  the  stomach  (?)  in  Enterojjlea,  that  they  are  repre- 
sentatives of  the  pancreas  or  of  salivary  glands.  Siebold  adopted  a  similar 
hypothesis ;  but  Leydig,  on  the  contrary,  regards  them,  in  a  morphological 
point  of  view,  not  as  pancreatic  glands,  but  as  the  analogues  of  those  pro- 
cesses often  seen  on  the  stomach  of  Artliropoda  ;  he  would  therefore  desig- 
nate them  generally  gastric  glands, — a  view  with  which  we  arc  disposed  to 
coincide.  The  small  glandular  appendages  on  the  dorsal  surface  of  the  sto- 
machs of  starfish,  suggest  themselves  as  of  the  same  natui-e  as  the  appendages 
under  consideration. 

A  yellowish  clear  body  is  situated  on  each  side  of  the  pharynx,  imme- 
diately in  front  of  the  maxiUaiy  bulb,  in  Lacimdaria,  Tuhicolaria,  McUcerta, 
and  Brachionus  (XXXIX.  16),  and  rather  witliin  the  substance  of  the  bulb 
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in  Noteus.  This  is  possibly  the  structure  alluded  to  by  Mr.  Gosse  as  "  several 
yellow  glandular  (?)  spots  "  seated  on  tbe  top  of  the  cushion  of  the  dental 
organs  of  Asjjlanchna  (XXXVIII.  28),  and  the  same  with  the  yeUo-\vish, 
clear,  homy-looking  masses  mentioned  by  Huxley. in  Lacinularia  (XXXVII. 
19  g)  and  Brachionus.  The  last-named  naturalist  refers  these  bodies  to  the 
"  homy  skeleton  "  (see  p.  412).  Leydig  considered  they  might  possibly  be 
"  salivary  glands," 

The  epithehum  of  the  alimentary  canal  has  probably  a  glandular  purpose  : 
its  large  cells  are  filled  with  a  granular  matter,  and  many  oil-vesicles,  besides 
a  nucleus.  The  number  and  large  size  of  these  gastric  cells  have  been  already 
illustrated  (see  p.  419)  ;  they  are  mostly  coloiu-ed — yeUow  or  yellowish  bro'wn, 
with  sometimes  green  spots  interspersed,  Ehrenberg  remarked  these  cellidar 
accumulations,  and  advanced  the  hypothesis  of  their  homology  with  the  hver 
of  higher  animals.  The  colouring  matter  was  consequently  esteemed  to  be 
the  bile.  We  have  seen  that  Eymer  Jones  has  assigned  the  functions  of  a 
Hver  to  the  so-called  "  pancreatic  "  sacs,  or  "  gastric  glands."  However, 
most  naturalists  favour  Ehrenberg's  view ;  among  them  are  Dujarchn,  Sie- 
bold,  Leydig,  and  Dabymple.  The  belief,  indeed,  of  the  great  Berlin  natu- 
ralist was,  that  the  cells  grew  from  the  exterior  of  the  wall  of  the  alimentary 
canal,  and  were  so  many  saccular  appendages ;  this  view  modern  research 
does  not  countenance,  but  affirms  the  presence  of  the  cells  mthia  the  canal. 
The  examples  of  secerning  cells  given  by  Ehrenberg  deserve  to  be  mentioned. 
He  remai-ked  that  in  Enteroplea  the  biliary  cells  and  ducts  were  most  pro- 
nounced, and  that  there  was  great  accumulation  of  ceUular  or  glandular  ele- 
ments about  the  intestine  of  Botlfer,  Callidina,  and  Philodina ;  in  the  last 
two  he  also  asserted  that  the  mass  becomes  coloured  by  colouring  particles 
swallowed  by  the  animals. 

Mr.  Gosse  puts  the  question  whether  the  little  granular  body  near  the 
tip  of  the  pedicle  of  Melicerta  is  a  secerning  gland  for  the  secretion  of  an 
adhesive  glue,  by  which  the  foot  adheres,  as  in  Ilonocerca.  This  faculty 
of  secreting  an  adhesive  matter  from  the  end  of  the  pseudopodium  is  sur- 
mised by  Perty  to  be  possessed  by  several  Eotatoria,  viz.  by  Comchilm,  La- 
cinularia, (Ecistes,  Floscularia,  Limnias,  TuUcolaria,  and  Stepjianoceros. 
This  idea  is  countenanced  by  Cohn  {Zeitsclir.  1855,  p.  439),  who  inclines  to 
the  belief  that  the  solid-looking  elongated-oval  bodies  situated  at  the  poste- 
rior extremity  of  the  abdomen  of  Brachionus  and  other  species,  and  usually 
considered  muscular  (moving  the  tail-process),  are  rather  of  a  glandular  na- 
ture, and  possibly  secrete  an  adhesive  glue  to  fix  the  animal.  More  recently 
(Miiller's  Arcliiv,  1857,  and  A.  N.  E.  1857,  xx.  p.  292)  Leydig  has  accepted 
this  view,  and  thus  treats  of  these  structures  in  Hydatina  senta  : — "  The 
clavate  bodies  in  the  taU  consist  of  a  delicate  envelope  and  pale  molecular 
contents,  in  which  beautiful  nuclei,  each  with  a  nucleolus,  may  be  distin- 
guished ;  ra  many  individuals,  small  fatty  poiats  are  also  present  in  vaiiable 
amount.  I  regard  the  organs  in  question  as  glands,  which  in  their  position 
and  function  correspond  with  the  caudal  glands  of  Emplus  for  example;  they 
open  at  the  apex  of  the  caudal  appendages  (Fusszamjen) ;  and  as  the  worn 
just  mentioned  '  can  attach  itself  fiimly  to  the  object-bearer  by  the  posterior 
extremity  of  the  body,  in  order  to  carry  the  body  round  this  point  Avith  a  waging 
motion,'  so  also  can  the  Hydatina  fix  itself  by  the  tips  of  the  caudal  append- 
ao-es,  probably  by  means  of  the  sticky  substance  excreted  here.  It  seems  to 
me  also,  that  in  a  certain  upright  position  of  the  caudal  appendages,  I  have 
detected  the  opening  at  their  tip."  _ 

Otiier  large  vesicles,  which  some  think  may  be  glandulai-,  occur  m  dilicrent 
parts  of  the  body,  and  in  the  foot-process  of  several  genera.  Such  are  noticed 
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by  Dobio  in  the  psendopodinm  of  Floscularia  ;  and  Loydig  mentions  a  clear 
gland  or  space  at  the  root  of  the  tail  of  Lacinularia,  from  which  he  supposes 
a  duct  to  extend  to  the  extremity ;  such  a  structure  Huxley  cannot  discover, 
but  states  that  the  extremity  of  the  tail  always  seemed  to  him  "  to  present 
a  ciliated  hemispherical  cavity,  closed  above the  supposed  gland  at  the  base 
he  called  a  "  vascular  mass." 

An  active  secreting  power  is  displayed  by  those  Eotatoria  which  invest 
themselves  in  cases  or  urceoh ;  for  such  cases  are  always  produced  fi'om  the 
animal,  and  are  the  result  of  excretion.  The  formation  of  its  case  by  the  Meli- 
certa  ringens  has  often  been  most  thoroughly  examined  ;  and  Mr.  Gosse  was 
enabled  to  watch  the  deposition  of  pellet  by  peUet  of  the  excreted  matter. 
This  direct  observation  has  entirely  overthrown  the  prevalent  notion  fii'st  ad- 
vanced by  Ehrenberg,  that  the  case  was  built  up  of  excrementitious  particles 
discharged  from  the  alimentary  canal.  The  organ  actively  engaged  in  the 
building  of  the  case  is  seated  immediately  above  the  long  tubular  process 
extending  from  the  neck  of  the  animal  (XXXYI.  1  c)  ;  it  is  cup-shaped, 
and  its  concave  surface  so  ciliated,  that  when  in  full  activity  it  seems 
to  revolve.  In  this,  which  Mr.  Gosse  calls  the  "pellet-cup,"  the  building- 
mateiial  seems  to  be  prepared  and  fashioned  into  an  oval  or  hexagonal  figaire, 
and  then  the  pellets  so  moulded  are  regularly  laid  down  in  rows,  "  straight 
and  imintemipted  perpendicularly,"  but  zigzag  transversely,  so  that  a  dia- 
gonal disposition  is  the  result.  "  Each  pellet,  examined  separately,  is  of  a 
yellowish  or  ohve  colour,  composed  of  granules  ;  the  whole  tube  is  of  a  red- 
dish-brown (XXXYI.  1  cl).  After  a  certain  number  were  deposited  in  one 
part,  the  animal  would  suddenly  turn  itself  round  in  its  case,  and  deposit 
some  in  another  part."  It  seems  that  the  action  of  the  peUet-cnp  is  volun- 
tary, and  not  always  coexistent  with  the  passing  of  the  ciliary  cuiTent  over 
the  chin.  ^  The  animal  frequently  makes  abortive  efforts  to  deposit  a  pellet, 
and  sometimes  bends  forcibly  forward  to  the  edge  of  the  case  before  the  pellet 
is  half  formed.  Coloured  particles  in  the  water  are  hurled  round  the  margin 
of  the  cHiated  disk  until  they  pass  off  ia  front  through  the  great  sinus  be- 
tween  the  large  petals ;  and  the  atoms,  if  few,  glide  along  the  facial  surface, 
following  the  irregularities  of  the  outhne  with  great  precision,  and,  dashing 
round  the  projecting  chin,  lodge  themselves  one  after  another  in  the  little 
cup-like  receptacle  beneath,  ia  which  they  are  whorled  round  with  great 
rapidity,  and  prepared  into  pellets  for  the  construction  of  the  case.  On  ndx- 
iug  carmiae  with  the  water,  the  torrent  that  poured  off  ia  front  and  the  ap- 
pearance of  a  rich  crimson  pellet  in  the  cup  were  instantaneous.  A  large 
animal  which  had  its  case  accidentally  slit  for  some  distance,  watched  for 
several  days,  was  seen  to  make  pellets  frequently ;  yet  it  never  deposited  them 
nor  attempted  to  construct  a  new  case,  but  let  the  pellets  float  away." 

Such  IS  a  resume  of  Mr.  Gosse's  interesting  observations.  Prof.  Williamson 
adds  that,  when  the  animal  is  not  engaged  in  its  architectural  occupations, 
the  sac  (peUet-cup)  becomes  so  contracted  as  to  be  almost  invisible 

In  connection  with  this  subject  of  secretion,  must  be  mentioned  the  views 
of  Leydig  respectmg  the  accumulation  of  granules  or  crystalUne  particles 
seen  in  many^b^onic  and  young  Eotatoria,  enclosed  in  a  sac  contiguous 
to  the  cloaca  (XXXVII.  4  ;  XXXVIIL  7,  8).  Ehi-enberg  remarked  these 
^aiiular  heaps  m  Microcodon,  Laanularia,  Stephanoceros,  Floscularia  onmta, 
Enteroplea  and  in  Notommata  granulans,  and  caUed  them  at  one  time  "  a 
dark  glandular  body  or  speck,"  at  another  "  a  single  glandular  organ  "  having 
no  evident  function.  Weissc  represented  them  to  be  tmconsumed  and 
still-remaimng  yeUt-substanco,  and  supposed  the  animals  presenting  such 
granidar  masses  "  premature  "  or  "  aborted."    Williiuuson  noticed  similar 
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masses  in  Melicerta,  and  found  that  they  disappeared  soon  after  the  young 
animal  escaped  from  the  ovum. 

Leydig's  conclusion,  from  optical  and  chemical  qualities  of  the  gi-anules,  is 
that  they  are  ui'inary  or  mic  concretions,  and  that  the  clear  space  containing 
them  is  formed  by  the  end  of  the  iatestinal  canal,  or  by  the  cloaca.  To 
elucidate  this  view,  an  analogy  is  pointed  out  in  the  case_  of  those  insects 
which  undergo  complete  metamorphosis,  in  which  solid  urinary  concretions 
accumulate  ia  the  rectum  during  the  pupa-state,  but  are  evacuated  when  the 
insect  emerges  from  that  torpid  condition. 

The  actual  secreting  organ  of  these  urinary  concretions,  or  in  other  words 
the  kidney,  must,  says  Leydig,  be  sought  for  in  the  cells  of  the  intestinal 
wall,  which  stand  out  in  a  knob-like  matter.    Ehrenberg's  account  of  the 
"  dark  bodies  "  about  the  rectum  of  Enteroplea,  and  of  Notommuta  granulans, 
favours  this  opinion  ;  and  the  granular  heap  near  the  tennination  of  the 
intestine  of  the  larva  of  Gijclo2)S  may  be  adduced  as  another  aUied  fact  in 
illustration  of  the  nature  of  the  bodies  in  question.  Vogt,  however,  is  opposed 
to  this  presumed  analogy,  and  states  that  this  peculiar  coUection  in  the  cloaca 
of  embryo  Cyclopes  is  originally  produced  of  a  green  colour,  within  a  sac  on 
each  side  of  the  intestine,  and  when  subsequently  dischai-gcd  mto  the  cloaca, 
is  of  a  yellow  hue.    These  sacs  therefore  have,  in  his  estimation,  rather  the 
signification  of  a  liver  than  a  kidney.  The  like  structures  are  common  enough 
in  Vermes.    Excepting  therefore,  Leydig  contends,  male  Rotifers,_  uxmary 
concretions  occur  only  in  the  embryo  and  in  the  fii'st  period  after  birth,  and 
the  existence  of  a  primordial  kidney  must  be  admitted  as  a  fact.    Oohn  has 
come  forward  to  oppose  these  views  of  Leydig,  and  says  that  this  whole  hy- 
pothesis falls  with  the  proof  that  in  Enteroplea  the  vesicle  with  the  dark 
granules  stands  in  no  sort  of  connexion  with  the  intestine,  nor,  mdeed,  caii 
do  so,  as  no  intestine  exists,  and  it  is  rather  firmly  adherent  to  the  outer  wall 
of  the  testis.    To  this  adverse  opinion  Leydig  rejoins  (MuHer  s  Archtv,  1«57, 
p  404  and  A.  N.  H.  1857,  xx.  p.  295)  that  Cohn's  «  undoubted  proof  is 
itseK  an  error:  "for  the  clear  space  containing  the  dai-k  granules  is  not  ad- 
herent to  the  true  waU  of  the  testis,  but  to  that  outer  envelope  which  repre- 
sents the  nidimentary  stomach  and  intestine  ;  or,  more  properly  speaking,  the 
clear  space  enclosing  the  concretion  belongs  to  the  abortive  alimentary  canal 
itseK  which  extends  fi-om  the  notch  of  the  rotary  organ  to  the  cloaca!  open- 
ino.  so  that  i/nieropZea  displays  the  same  characters  as  the  other  Rotatoria, 
although  this  is  in  complete  opposition  to  the  description  given  by  Cohn.  My 
opinion,  that  the  granules  in  question  are  ui-ic  concretions,  is,  of  coui'se,  no 
more  strongly  supported  by  the  position  of  matters  detected  in  mueroi^ea 
than  before  ;  but  the  objection  raised  by  Cohn  appears  to  be  removed  The 
opinion  first  put  forward  by  Weisse,  which  is  also  favoured  by  Cotm  f  at  t^^ 
o-ranules  are  the  remains  of  unused  yelk-masses,  I  must  reject,  without  taking 
oSer  reasons  into  account,  If  only  because  the  vitelhne  e  ements  and  the 
graSdes  in  question  have  no  resemblance  to  each  other,  but  are  perfectly 

"^'everal^a^^^^^^^  have  suggested  that  the  vascular  apparatus  to  be  described 
ns  a  respii-atoiy  organ  in  the  foUo^-ing  chapter  has  also  E^P^^'^'.^'' J^^^^ 
principaUy,  the^fimction  of  a  kidney  or  excretoiy  organ.  These  views  can 
Kcst  pilpounded  after  the  apparatus  in  q-s^^  J-  f^^^  • 
TfTF  Vasctjlab  aot)  E-ESPniATORY  Systems  (XXXViii.  ^be,  r,i ,  -ajj.  j.  1, 
?Se  e^stence  of  vessels  subsei-vient  to  the  circulation  of  a  A^ud  analogous 
to  blood  was  surmised  by  Ehi-enberg.  Among  such  assumed  structures  were 
tL  tenrverse  cords  to'which  tiie  semblance  of  articulation  is  often  due, 
as  weU  as  other  similar  bands  now  proved  to  be  musculai-  fibres  of  con- 


OF  THE  llOTATORIA. 


427 


nective  tissue.  For  instance,  the  iuterciu'rent  fibres  about  the  head  and  neck 
of  the  Kotatoria,  and  the  interhieing  cords  passing  forward  to  the  h)bes  of 
the  rotary  orga"n,  and  backward  to  the  maxillary  head,  were  reckoned  parts 
of  the  vascular  system. 

The  pm-pose  of  a  cii'culatory  system  is  to  convey  the  blood  (the  nutritive, 
repai-ative  fluid)  within  the  reach  of  every  tissue  and  organ,  so  that  all  its 
parts  may  be  renovated,  and  their  effete,  worn-out  particles  removed.  The 
necessity  for  such  a  contrivance  is  at  once  intelligible  in  large  animals,  where 
the  parts  have  considerable  size  and  thickness,  and  are  pretty  closely  packed 
within  the  limits  of  the  body ;  but  in  the  case  of  the  Rotifers,  the  proto- 
plasmic fluid  fiUs  up  all  the  large  space  within  the  body  unoccupied  by  the 
viscera,  and  is  in  immediate  contact  with  them,  whilst  none  of  them  have 
such  a  density  or  thickness  as  to  preclude  theii*  being  readily  permeated  by 
it.  The  result  of  digestion  within  the  alimentary  canal  is  the  production  of 
a  nutritive  juice  or  chyle,  which  apparently  passes  by  exosmosis  through  the 
walls  of  the  canal  into  the  general  cavity  of  the  body,  mixing  there  with  that 
ali-eady  existing,  and  is  the  representative  of  the  blood  of  higher  animals. 
But,  iu  addition  to  this,  a  constant  renovation  of  the  chyliferous  liquid  of  the 
body,  by  water  taken  in  from  without,  appears  to  be  necessary. 

Ehrenberg  witnessed  a  periodical  transparency  ia  the  body,  with  an  alter- 
nating distension  and  collapse  occurring  regularly  in  almost  all  Kotatoria. 
During  distension,  the  outline  of  all  the  viscera  seemed  clearer,  whilst,  upon 
the  collapse,  the  organs  approximated  their  limits,  became  less  defined  and 
somewhat  confused,  and  the  integument  crumpled.  These  movements  he  attri- 
buted to  the  alternate  entrance  and  exit  of  water  from  without,  through  the 
medium  of  the  supposed  siphon  tube  on  the  head,  or  of  openings  upon  other 
parts  of  the  body.  It  has,  however,  been  shown  that  the  siphon  and  apparent 
openings  have  no  external  communication ;  we  must  consequently  believe,  with 
Leydig,  that  the  imbibition  and  exudation  must  be,  in  great  measure,  the 
result  of  endosmotic  action, — not  forgetting,  however,  the  influence  which  is 
necessaiily  exerted  on  the  alternate  movements  in  question  by  the  action  of 
the  respiratory  apparatus  to  be  presently  described. 

Leydig  remarks  that  "  the  mingling  of  the  sanguineous  fluid  with  water 
from  without  seems,  at  first  sight,  extraordinary ;  it  is,  however,  a  fact  in 
physiology,  founded  on  direct  observation.  Van  Beneden  having  detected  it 
in  marine  Mollusca,  myself  in  Paludina  vivipara,  and,  more  recently,  Gegen- 
baur  in  Heteropoda  and  Fterojpoda:'  The  nutritive  or  sanguineous  fluid  of 
the  Eotatoria  is,  as  a  i-ule,  clear  and  colourless,  but  in  some  species  it  has  a 
red  or  yellowish  hue,  e.  g.  in  Notommaia  centrura,  SyncJiceta,  and  Polyarthra  ; 
it  is,  moreover,  usually  destitute  of  distinct  floating  particles  or  eiements  : 
exceptions  occur  in  Eospliora  Najas,  Euchlanis,  and  a  few  others,  in  which 
small  clear  coi-puscles  move  about  in  it  just  as  in  the  blood  of  Annelida.  "  Such 
genuine  elements,"  continues  Leydig,  "  of  the  circulating  fluid  must,  however, 
not  be  confounded  with  the  minute  particles  which  at  times  detach  themselves 
from  the  tissues  within  the  body  and  float  about  iu  the  liquid.  Such  false 
corpuscles  are  not  uncommon  in  animals  whicli  have  been  partially  crushed 
or  left  dry  by  evaporation ;  those  noticed  by  Ehrenberg  in  Hvdatina  scnta 
were,  m  all  probability,  of  tliis  accidental  kind." 

Dr.  Dobio  has  recorded  an  obseiTation  of  seemingly  genuine  moving  cor- 
puscles, which  deserves  a  place  hero.  He  found,  "  immediately  below  the 
integument  of  Floscidaria  cornuta,  groups  and  Uncs  of  very  small  granules 
contmuaJly  m  a  state  of  rapid  molecular  motion,  in  fq^pcarance  exactly  resom- 
blmg  the  molecules  m  the  cusps  of  Glosterium.  Besides  the  molecular,  they 
arc  subject  to  another  motion ;  for  occasionally  they  move  from  one  part  of 
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the  surface  to  another,  in  currents  not  very  distinct  or  persistent,  and  ia  no 
definite  direction.  He  has  seen  them  running  in  lines  down  the  taU,  and 
collecting  in  groups.  This  flowing  movement  occurs  cliiefly  dming  the  con- 
tractions and  relaxations  of  the  entire  animal.  Ho  thinks  it  probable  that 
these  granvdes  are  connected  with  the  nutrition  of  the  animal,  and  analogous 
to  the  fi-ee  floating  corpuscles  of  the  Tarcligrada,  described  by  M.  Doyere." 

In  liis  recent  paper  (Midler's  Archiv,  1857,  p.  404),  Leydig  notes  that 
when  individuals  of  Hydatina  senta  have  been  plentifully  fed  with.  Euglena 
viridis,  the  fluid  (blood)  which  fills  their  abdominal  cavity,  contains  numerous 
clear  globules,  or  blood-corpuscles,  of  a  roundish  form  and  unequal  size.  We 
would  rather  compare  these  corpuscles  to  those  seen  in  chyle  during  the 
process  of  digestion,  as  more  strictly  homologous  with  them  than  -with  blood- 
disks.  Although  no  true  vascular  system  is  discoverable  in  the  Rotatoria, 
there  is,  nevertheless,  a  tubular  apparatus  readily  seen  in  most  animals  of  the 
class  (5XXVI.  Gaa,9m;  XXXVII.  29  d,  32  ef;  XXXVIII.  5  d  d,  25  ef, 
2Qeil,  27  g).  It  has  the  form  of  an  apparent  band,  extends  upwards  from 
the  cloaca,  or  near  to  it,  on  each  side  of  the  body ;  and  within  this  a  cord  or 
vessel  is  visible,  more  or  less  coiled  or  convoluted  in  its  course,  from  which 
small  vibrating  organs,  often  pear-shaped,  and  likened  by  Ehi-enberg  to 
written  notes  of  music,  project  towards  the  cavity  of  the  body.  These  vessels 
may  possibly  communicate  by  one  or  more  transverse  vessels  running  across 
the  neck  of  the  animal ;  wliilst  below,  they  end  either  in  a  vesicle  endowed 
with  an  active  power  of  contractility  or  immediately  in  the  cloaca  itseK. 

Now  it  happens  that  the  mechanism  of  this  organization,  as  well  as  its 
functions  and  relations  to  the  other  parts  of  the  body,  have  been  so  variously 
described  by  different  wiiters,  that  it  is  difacult  to  di-aw  up  any  satisfactory 
general  account  of  it;  we  shall  therefore  be  compeUed  chiefly  to  confine 
ourselves  to  the  reproduction  of  the  several  statements  as  presented  by  then- 
authors  respecting  the  side  bands  aiiH^  the  contractUe  vesicle.  Ehi-enberg 
adopted  the  cmious  notion  that  they  were  parts  of  the  sexual  organization 
The  side  bands  with  their  coiled  canal  he  represented  to  be  the  testes,  and 
the  contractUe  vesicle  a  sperm-sac  (seminal  vesicle).  The  inconsistency  of 
this  notion  with  aU  om  knowledge  of  animal  structure  and  functions,  has 
struck  every  observer.  To  adduce  but  one  coimter argument :— the  constant 
discharge  of  spennatic  fluid  in  a  profuse  quantity,  and  in  no  relation  with  the 
number  of  eggs  contained  within  the  ovaiy,  is  an  idea  which  is  per  se  at  vari- 
ance with  aU  analogy,  and  directly  opposed  by  the  fact  that  the  apparatus  is 
in  full  activity  even  when  the  embryo  is  stiU  unhatched  withm  the  body  oi 
its  parent,— and  entirely  negatived,  at  least  in  several  instances,  by  the  disco- 
veiw  of  distinct  male  beings. 

Again,  Ehi-enberg  called  the  fa-emulous  tags  (XXXVIII.  26  e)  gills  or  giU- 
Hke  organs,  and  therein  recognizes  them  as  parts  of  a  respii-atory  system.  He 
thus  refers  to  them:—"  Oval,  tremulous  bodies  are  in  some  species  obsei-ved 
attached  to  a  free  filament-like  tube  generaUy  placed  longitudiniiUy  within 
the  body  •  in  some  instances  they  are  attached  to  the  two  sexual  glands  (?.  c. 
the  side  bands),  as  in  Hydatina.  Theii'  function  is  respiratory,  and  they  _ai-e 
analogous  to  gills ;  the  tremulous  motion  observable  is  that  ot  the  iammte 
composing  them.  The  reception  of  water  within  the  body  for  these  giUs  to 
act  upon  is  provided  for  by  one  or  more  openings  at  the  anterior  part  ot  tlie 
body,  or  in  some  species  by  spur-lilce  processes  or  tubes  (siplions). 

The  erroneous  belief  that  the  siphon-blie  antenna)  (XXi^Mi.  i/rt. 
XXXVTTT  27  c)  and  the  cuticular  fossa)  were  cliannols  for  the  admission  ot 
water  into  the  body  was  countenanced  by  Sicbold,  who  explained  the  respi- 
Tafory  act  to  consist  in  the  entrance  of  water,  by  the  supposed  apertui-es,  from 
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Antliout  into  the  general  cavity  of  the  body,  its  percolation  through  "  short 
lateral  vessels  "  (the  oscillatory  tags)  into  the  winding  canal  of  the  lateral 
band  of  each  side,  and  its  passage  thence  into  the  conti-actile  vesicle,  by  which 
it  is  pumped  out  tkrough  the  cloaca.  This  process  Siebold  designated  a  water- 
circulating  system. 

Mr.  Dahymple,  in  his  excellent  description  of  a  supposed  new  Notommata 
(the  AspJanchna  Brighiwellii  of  Gosse),  differs  from  Siebold  in  the  account 
of  the  respii-atory  apparatus  in  several  particulars.  He  says — "  This  pecu- 
liar organ  consists  in  a  double  series  of  transparent  filaments  (for  there  is  no 
proof  of  their  being  tubes  or  vessels),  arranged,  from  above  downwards,  in 
ciu'ved  or  semicu'cular  form,  symmetrical  when  viewed  in  front  (XXXVI. 
6  a  a).  These  filaments,  above  and  below,  are  interlaced,  loop-lilie,  while 
another  fine  filament  passes  in  a  straight  line  like  the  chord  of  an  arc,  uniting 
the  two  looped  extremities.  To  this  delicate  filament  are  attached  little  tags 
or  appendices,  whose  free  extremities  are  directed  towards  the  iaterior  of  the 
animal,  and  are  effected  by  a  ti'emulous,  apparently  spiral  motion,  lUve  the 
tkreads  of  a  screw.  This  is  undoubtedly  diie  to  cilia  arranged  round  these 
minute  appendices.  The  tags  are  from  eight  to  twelve,  or  even  twenty,  in 
number,  varying  in  different  specimens  (XXXVI.  6). 

"  I  believe  the  organ  in  question  to  be  a  peculiar  circulatory  system.  The 
body  of  the  animal  is  filled  with  fluid,  most  probably  analogous  to  blood, 
while  the  ciliated  tags,  in  perpetual  motion,  must  produce  currents  in  this 
fluid,  and  probably  in  a  uniform  and  deteiToinate  direction.  In  this  way  the 
nutrient  plasma  will  be  brought  regiilarly  in  contact  with  all  parts  of  the 
body,  and  the  process  of  nutrition  go  on  as  in  insects,  without  the  interven- 
tion of  tubular  vessels, — the  dorsal  heart  in  them  serving  only  to  give  dii-ec- 
tion  and  circulation  to  the  blood.  I  am  the  more  impressed  with  this  belief, 
since  these  filamentous  organs  are  in  close  approximation  with  the  large  con- 
tractile sac,  which  probably  performs  a  respiratory  function." 

Moreover  Mr.  Daliymple  does  not  Believe  iu  any  communication  between 
the  sac  and  the  apparatus  fm-nished  with  the  ciliated  tags,  as  Siebold  supposes  ; 
on  the  contrary,  he  represents  the  sac  to  communicate  directly  with  the  ex- 
terior. He  writes — "This  sac,  spherical  when  distended,  is  placed  just 
above  the  ovisac,  and  communicates  with  the  vaginal  canal.  It  is  ex- 
ceedingly delicate,  and  may  be  seen  to  contract,  by  the  action  of  muscular 
fibres,  with  great  rapidity,  in  which  act  it  is  thrown  into  numerous  regular 
folds  or  pouches,  and  in  that  condition  appears  not  very  dissimilar  to  the 
large  celltdar  lungs  of  Batrachia ....  The  explanation  which  I  ventiu-e  to  give 
is,  that  this  sac  draws  in  water  and  expels  it  again  by  the  vaginal  orifice ; 
and  it  is  by  bringing  the  blood,  by  means  of  the  ciliary  movements  of  the 
tags,  into  immediate  contact  (the  delicate  membranous  wall  of  the  sac  in- 
tervening) with  the  air  of  the  water,  that  aeration  or  respii-ation  is  per- 
formed.   An  analogous  contractile  sac  may  be  seen  in  Rotifer  vulgaris." 

Lastly,  the  author  adds  that  he  is  convinced,  from  repeated  obseiwation, 
that  the  contractile  sac  has  no  relation  with  the  generative  function,  and 
that  "  the  supposed  vascular  ramifications  upon  it  are  neither  more  nor  less 
than  the  muscular  fibriUae  by  which  the  contractions  are  effected." 

Perty  coincides  with  the  explanation  off'ered  by  Dalrymple,  and  reproduces 
it  m  his  work.  Mr.  Gosse  presents,  in  his  notice  of  Asplanchna  priodonta, 
tlie  foUowmg  descnption  of  the  mechanism  in  question  :— "  On  the  upper 
side  of  the  oviduct  sits  a  contractile  bladder,  which,  when  full,  is  perfectly 
globular  and  smaU,  being  scarcely,  if  at  all,  larger  than  the  two  pancreatic 
glands  put  together.  Eound  this,  attached  at  or  near  its  base,  passes  on  each 
side  a  tortuous  thread,  apparently  glandular,  which  goes  up  along  each  side 
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of  the  ventral  region,  and  is  attached  to  the  head-mass  behind  the  jaw- 
cushion.  The  middle  part  of  each  thread  is  wrinkled  into  a  largo  plexus  of 
four  or  five  pairs  of  doublings,  laid  with  some  regularity  ;  on  this  plexus  are 
placed  four  tremulous  tags,  directed  inwards,  making  eight  in  all.  None  are 
visible  on  any  other  part  of  the  threads.  The  presence  of  these  organs,  as 
well  as  of  the  contractile  bladder,  in  the  female,  shows  that  these  are  not  con- 
nected -with  impregnation. 

From  the  above  extract  it  appears  that  Mr.  Gosse  believes  that  the 
"  tortuous  threads  "  of  the  apparatus  have  a  glandular  office  ;  and  though  he 
so  far  countenances  the  hypothesis  of  Ehrenberg,  nevertheless  pronounces 
against  their  sexual  nature. 

Dujardin  expresses  an  opinion  that  the  contractile  vesicle  is  a  respiratory 
organ,  and  that  the  water  freely  penetrates  into  the  interior  of  the  body  to 
bathe  the  vibratile  organs,  as  the  variability  of  volume  of  the  animals  proves. 

Leydig  has  very  elaborately  described  the  structures  in  question,  and  their 
several  modifications.  We  feel  justiBed  in  submitting  an  analysis  of  his 
researches,  even  at  the  risk  of  some  repetition : — 

"  The  canal  of  the  respiratory  apparatus  extends  along  each  side  of  the  body. 
Generally  there  is  a  single  canal  on  each  side,  much  contorted  in  its  course, 
and  forming  actual  coUs  or  plexuses,  e.  (j.  in  Stephanoceros,  Bracliioncea, 
Lacinulana,  Euchlaniclota,  and  many  Notommatai.  Two  canals,  which 
coalesce  at  either  end,  are  seen  in  Notommata  Myrmeleo,  N.  Sieboldn,  N. 
Syrinx,  N.  clavulata,  and  N.  Anglica.  The  canals  have  a  thick  cellulai-  waU, 
and  their  cavity  is  cleai'  and  weU  defined.  They  are  not  soHd  cords,  as  Perty 
and  others  affirm.  The  cellular  walls  may  be  much  thickened,  and  contam, 
besides  the  usual  fine  granular  contents,  many  fat-particles,  as  seen  m  Ste- 
phanoceros,  Notommata  centmra,  and  in  Ladnularia.  In  the  first-named, 
indeed,  the  deposit  of  fat  is  so  great  that  the  coils  of  the  respu-atoiy  canal 
near  the  head  rather  resemble  a  collection  of  fat-vesicles  (XXXVII.  1  0-  .  ■«- 
have  not  been  able  to  discover  any  anastomoses  between  the  canals  of  opposite 
sides,  as  Huxley  represents  in  Ladnularia."  c   ,  u 

In  many  Eotatoria,  particularly  in  smaU  species,  such  details  ot  structure 
escape  our  powers  of  observation,  and  the  canals  described  are  invisible,  as,  lor 
example  in  Floscularia,  Polyarthra,  andAscomorpha;  a  more  close  and  search- 
ino- inquiry  may,  however,  reveal  them,  pai-ticularly  where  the  contractile  sac 
shows  itseK.   Indeed,  Perty  has  detected  the  tubes  in  Ascomor2:>]ia  Helvetica. 

"  The  vibratHe  or  ciliated  tags  are  processes  of  the  respiratory  canal  (XL. 
5)  They  are  constructed  after  two  types,  which  do  not  concm-  in  the  same 
animal,  but  aa-e  found  as  pecuHarities  of  different  genera.  In  one  type  the 
OTOcess  is  of  equal  width  and  cylindrical  throughout,  as_  in  Notommata 
Myrmeleo  (XXXVII.  29  e,  32  Jc)  ;  in  the  other,  the  extremities  are  ddated 
and  a  tnimpet-shaped  figure  assumed,  as  in  Notommata  centmra  (XXX  \  ill. 
26  e),  EucJilanis  triquetra,  an(\.  in  Eosjjlwra  Najas. 

"  In  Ladnularia  I  have  been  unable  to  satisfy  myself  if  these  processes  of 
the  respiratoiy  canal  discharge  themselves  freely  into  the  abdommal  cavity. 
Huxley  states  that  they  have  blind  extremities ;  but  I  regard  it  as  stiU  an 
open  question,  for  in  other  species,  for  example  in  Notommata.  Sieholdti  anA 
N.  centrura,  it  can  be  most  satisfactoiily  made  out  that  they  open  freely  into 

^^"Vibmta^hakrl^cma)  project  from  thcii-  free  end  and  in  the  trumpet- 
shaped  processes  ;  the  direction  of  the  ciHary  motion  is  endeutly  inward. 

-The  number  of  the  vibratile  organs  varies  much  m  different  species: 
usuaUy  there  are  but  from  4  to  8  or  10,  distributed  at  unequal  distances  dong 
the  re^sp  ratoiy  tube;  but  in  some  animals,  e.g.  in  Notommata  Copcns,  N 
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Syrimr,  N.  Sieholdii,  N.  AmjUca,  N.  davulata,  and  in  N.  Myrmeleo,  the 
number  is  greatly  augmented,  and  from  30  to  50  tags  may  be  counted.  When 
thus  multiplied,  they  are  for  the  most  part  appended  to  a  clear  canal  of  httle 
width  and  thicloicss,  rather  thiin  to  one  with  thick  cellular  walls.  (The  tags 
are  mostly  more  numerous  on  one  side  than  on  the  other.) 

"  The  posterior  extremities  of  the  respii-atory  canals  either  open  at  once 
into  the  cloaca,  as  in  Tuhicolaria,  or  more  commonly  expand  to  form  the 
contractile  sac,  the  respiratoiy  vesicle  (XXXVIII.  26  i). 

"  At  the  first  appeai'ance  of  the  respiratory  vesicle,  it  is  of  insignificant  size, 
and  cleai-ly  a  dilated  state  of  the  united  ends  of  the  two  respiratory  canals. 
It  is  then  little  or  not  at  all  contractile.  This  condition  is  illustrated  in 
Lnc'mulana  and  Stephanoceros.  "  It  generally,  however,  exists  as  a  consider- 
able and  actively  contractile  sac  opening  into  the  cloaca.  Its  walls  are  very 
thin,  and  covered  with  a  fine  muscular  network,  discoverable  in  most  species, 
and  imagined  by  Ehrenberg  to  be  vascular.  The  openings  of  the  respiratory 
canals  into  this  sac  are  readily  perceived  by  a  proper  adjustment  of  the  focus 
of  the  microscope." 

Prom  this  organization,  Leydig  concludes  that  a  portion  of  the  water  sur- 
roimding  the  animal  enters  by  endosmosis,  or  possibly  by  minute  orifices 
hitherto  unperceived,  within  the  cavity  of  the  body,  and  there  mixes  with 
the  nutritive  juices,  the  analogue  of  the  blood  of  higher  beings.  The  simple 
act  of  respiration  is  consequently  Limited  to  the  imbibition  and  the  intermix- 
ture of  fresh  water  with  the  blood.  Further,  it  would  appear  that  the  Avaste 
material  is  discharged  thi'ough  the  vibratile  processes,  which  by  their  ciliated 
appendages  direct  the  fluid  into  the  respiratory  canals,  from  which  it  escapes 
either  first  into  the  contractile  sac,  and  thence  into  the  cloaca,  or  at  once  into 
the  latter. 

Here  the  question  of  a  glandular,  a  renal  function  performed  by  the  re- 
spiratory tubes  meets  us  ;  but  it  will  be  more  convenient  to  defer  its  consi- 
deration until  we  have  set  forth  the  researches  of  Mr.  Huxley,  who  differs  in 
not  a  few  details  from  Leydig : — ^we  must  premise  that  they  apply  specially 
to  the  Lacinularia  socialis,  to  which,  among  other  peculiarities,  he  assigns  the 
absence  of  a  contractile  sac,  although  Leydig  affirms  a  very  small  one  to 
exist. 

Prof.  Huxley  acquaints  us  that  the  opinion  of  Oscar  Schmidt  is,  "  that  the 
ends  of  the  water- vessels  are  closed,  and  that  the  vibrating  body  is  within 
them."  And  he  goes  on  to  say — "  There  is  no  contractile  sac  opening  into 
the_  cloaca  as  in  other  genera ;  but  two  very  delicate  vessels  about  ^^th  of 
an  inch  in  diameter,  clear  and  coloiu-less,  arise  by  a  common  origin  upon  the 
dorsal  side  of  the  intestine.  Whether  they  open  into  this,  or  have  a  distinct 
external  duct,  I  cannot  say. 

"  The  vessels  separate ;  and  one  runs  up  on  each  side  of  the  body  towards 
its  oral  side.  Arrived  at  the  level  of  the  phaiyngeal  bulb,  each  vessel  divides 
into  thi-ee  branches  :  one  passes  over  the  pharynx  and  in  front  of  the  pha- 
ryngeal bulb,  and  unites  with  its  feUow  of  the  opposite  side,  while  the  other 
two  pass,  one  inwards  and  the  other  outwards,  in  the  space  between  tlie  two 
layers  of  the  trochal  disk,  and  there  terminate  as  cajca.  Besides  these,  there 
sometimes  seemed  to  be  another  branch  just  below  the  pancreatic  sacs. 

A  vibratile  body  was  contained  in  each  of  the  ctecal  branches ;  and  there 
was  one  on  each  side  m  the  transverse  connecting  branch.  Two  or  more 
were  contamed  m  each  lateral  main  trimk,  one  opposite  the  pancreatic  sacs, 
and  one  lower  doMTi,  maldng  in  all  five  on  each  side.  Each  of  these  bodies 
was  a  long  cihum  {^ij^ih  of  an  inch)  attached  by  one  extremity  to  the  side 
ot  the  vessel,  and  by  the  other  vibrating  with  n  quick  undidatoiy  motion  in 
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its  cavity.    As  Siebold  remarks,  it  gives  rise  to  an  appearance  singularly  like 
that  of  a  flickering  flame. 

"  I  particularly  endeavoured  to  find  any  appearance  of  an  opening  near  the 
vibratile  ciHum,  but  never  succeeded,  and  several  times  I  thought  I  could 
distinctly  observe  that  no  such  aperture  existed.  Animals  that  have  been 
kept  for  some  days  in  a  limited  amoimt  of  water  are  especially  fit  for  these 
researches.  They  seem  to  become  in  a  manner  dropsical ;  and  the  water- 
vessels  partake  in.  the  general  dilatation. 

"  The  band  which  accompanies  the  vessel  appeared  to  me  to  consist  merely 
of  contractile  substance  (connecting-tissue),  and  to  serve  as  a  mechanical 
support  to  the  vessel.  It  terminates  above  in  a  mass  of  similar  substance 
containing  vacuola  attached  to  the  upper  plate  of  the  trochal  disk." 

This  accoimt  difiers  from  that  of  Leydig  chiefly  in  the  denial  of  the  patent 
condition  of  the  free  ends  of  the  vibratile  tags,  and  consequently  of  the  en- 
trance of  the  fliud  from  the  cavity  of  the  body  through  theni  into  the  lateral 
vessel.  It  also  casts  doubt  upon  coQs  of  the  water-vessel  in  the  neck,  and 
upon  the  presence  of  a  small  non-contractile  sac  at  the  inferior  termination 
of  the  lateral  vessels,  whilst,  on  the  other  hand,  it  represents  anastomosing 
branches  between  the  vessels  of  opposite  sides  in  the  neck.  Mr.  Huxley's 
description  therefore  appears  rather  to  favour  Mr.  Dalrymple's  hypothesis 
as  to  the  conti'actile  vesicle,  whilst,  with  respect  to  the  lateral  canals,  it  is 
suggestive  of  a  glandular  excretory  function. 

Dr.  Carpenter  adopts  Prof.  Huxley's  description  of  the  tags,  and  of  the 
inosculating  vessels  in  the  neck.  ,  ,orr:      a  aw 

Cohn,  in  his  account  of  Hydatina  senta  (Zeitschr.  f.  ZooL.  1855,  p.  444), 
describes  two  tubes  as  springing  from  the  thick-waUed,  muscular  contractile 
sac  lyino-  on  the  abdominal  surface  of  the  animal,  immediately  subjacent  to 
the'  skin,  and  communicating  with  the  cloaca.    These  tiibes  are  «  respiratory 
canals  •  "  they  have  a  finely  granular  wall,  and  advance  with  more  or  fewer 
curvati^es  and  coils  towards  the  head,  where  they  appear  to  end  m  sti-aight, 
bhnd  pointed  ends  or  in  loops,  which  attach  themselves  to  the  skin  oi  the 
rotarv  organ.    The  "tags,"  four  on  either  side,  affixed  to  the  canal  are 
triangular  in  one  aspect,  and  shortly  cylindrical  in  another,  and  supported 
on  short  pedicles,  through  which  their  cavity  becomes  continuous  with  the 
interior  of  the  canals.    The  difeerent  figure  of  the  tags  from  different  points 
of  view  has  given  rise  to  the  error  of  their  being  of  two  sorts— cyhndncai 
and  trianoailar.    In  BracUonus  militaris  the  contractile  vesicle  is  remarkable 
on  account  of  its  veiy  large  dimensions.    It  occupies  as  much  as  two-thu;ds 
of  the  abdominal  cavity,  and  is  composed  of  two  chambers,  of  which  the 
posterior  is  the  larger.    The  diastole  and  systole  of  the  two  chambers  are 
alternate;  the  posterior  opens  into  the  cloaca,  thi'ough  a  small  duct,  lliat 
there  is  a  direct  communication  between  the  contractile  sac  and  the  cloaca, 
Cohn  decisively  proved  by  mingling  coloiu-ing  matter  m  the  water,  and  wit- 
nessing a  current  inwards  during  each  dilatation,  and  one  outwai-ds  on  each 
act  of  contraction,  alternately— an  experiment  sufficiently  conclusive  ot  the 

respiratoiT  nature  of  the  sac.  i  „  -Un 

The  mechanism  under  consideration  appears,  as  Leydig  also  i;emai  ks,  to  be 
occasionaHy  absent-or  perhaps  only  imperceptible.  Dr  Dobie  states  tha^ 
in  Fhscularia  "  no  trace  of  a  vascular  system  can  be  observed.  The  tiemiUous 
oiU-  ike  organs  found  in  some  Eotifers  are  here  absent."  After  his  complete 
Examination  of  Melicerta  ringe^is,  Prof.  Williamson  says-"  I  have  found  no 
specTal  organs  of  circulation  or  respiration ....  I  detect  no  vessels  or  pulsating 
o?°am  ''  Nevertheless  a  stnictm-e  at  least  resembling  the  xabratile  tags  was 
noS  in  this  animal  by  Mr.  Gosse,  who  states  that  between  the  gizzard 
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"  and  the  base  of  the  stomach  there  was  one  little  tremulous  tag,  of  the  same 
stnictui-e  as  in  Notommata  aurita.  From  the  same  spot  also  project,  into  a 
space  of  peculiar  clearness,  two  trumpet-sliaped  bodies  of  the  greatest  dehcacy, 
and  without  motion."  Prof.  WiUiam.son  reminds  us,  in  a  note,  that  he  has 
described  two  tubes  springing  from  a  pyiiform  organ,  apparently  hollow,  and 
located  immediately  below  the  stomach.  Though  he  saw  no  pulsation  in  this 
organ,  it  appeared  to  be  the  homologue  of  the  contractile  vesicle  in  other  species. 
He  behoves  the  two  filamentous  organs  to  be  tubular,  and  suggests  the  possi- 
bility of  their  supplying  a  spermatic  secretion,  though  he  is  not  able  to  affii^m  it 
as  a  fact.  He  moreover  observed  the  vibratile  spermatozoon-lilie  corpuscles 
"  in  various  parts  of  the  body,  Avhere  they  are  apparently  enclosed  within 
hollow  canals.  I  have  never  seen  them  occupying  the  two  main  trunks  of 
the  luater-vasmlar  system,  as  cseca,  nor  can  I  succeed  in  tracing  any  con- 
nexion between  them  ;  "  but  it  is  probable  that  they  were  really  located  in 
some  of  the  branches  of  that  system,  as  observed  by  Mr.  Huxley  in  Lacinu- 
lana. 

The  glandular  renal  function  of  the  lateral  tubes  and  appendages  has  the 
support  of  analogy  among  other  lowly-organized  forms  allied  to  the  Rotatoria ; 
but  such  an  hypothesis  falls  to  the  ground,  if,  as  Leydig  thinks,  the  urinary 
concretions  noticed  and  so  named  by  him  in  embryo  and  young  animals  are 
deposited  within  the  cavity  of  the  intestine,  and  not  in  the  contractile  sac. 
However,  naturalists  generally  will  certainly  not  accept  the  doubtful  disco- 
very of  the  position  and  the  interpretation  of  the  nature  of  the  particles 
offered  by  Leydig  as  conclusive  evidence  of  the  nature  of  those  structures, 
but  will,  in  the  absence  of  direct  and  exact  observation,  be  rather  guided  by 
analogy.  We  wiU  therefore  append  some  extracts,  showing  the  comparative 
physiology  of  the  supposed  respiratory  mechanism. 

Leydig  writes — "  There  is  the  greatest  similarity  between  it  and  the 
organs  in  lAvmbricince  and  Hiruclince,  which  are  conceived  to  have  a  respira- 
tory office.  Li  these  are  similar  contorted  and  coiled  tubes,  with  a  clear 
canal  opening  either  without  an  intermediate  contractile  sac,  as  in  Clspsine, 
or  with  one,  as  in  Nephelis.  Moreover,  the  canal  opens  by  a  wide  ciliated 
aperture  into  the  cavity  of  the  body ;  and  in  this  tei-mination  of  the  tubes  I 
recognize  the  homologue  of  the  vibratile  tags  of  the  Rotatoria.  Moreover, 
the  direction  of  the  ciliary  motion  in  the  Annelida  is  inwards  to  the  main 
canal.  In  the  Lumbricince,  Gegenbauer  has  attributed  a  renal  function  to 
the  otherwise-caUed  respiratory  canal." 

Dr.  Carpenter  describes  a  "  water- vascular  system  "  among  all  the  vermi- 
form members  of  the  Articiilata,  and  as  represented  in  its  simplest  type  in  the 
Rotifers.  "  Similar  lateral  vessels,  often  ramifying  more  minutely  (especially 
in  the  head  and  anterior  part  of  the  body),  are  found  in  many  of  that  group  of 
vermiform  animals  clothed  over  the  whole  surface  of  their  bodies  with  cUia,  to 
which  the  designation  TurbeUaria  has  been  given."  This  writer  surmises 
that  the  water- vascular  system  may  contain  some  other  fluid  than  pure  water, 
and,  as  Van  Beneden  has  suggested,  may  serve  as  a  urinary  apparatus. 

Prof.  Huxley  presented  the  following  philosophical  summary  of  the  com- 
parative relations  of  the  respii-atory  mechanism  of  the  Rotifer  ;  before  the 
British  Association : — "  In  certain  Distomata,  such  as  Aspidogaster,  there  is 
a  system  of  vessels  of  essentially  similar  character  with  that  in  Rotifer  ;  but 
the  pi-incipal  canals,  those  lateral  trunks  which  come  directly  from  'the  con- 
tractile vesicle,  present  regular  rhythmical  contractions.  The  smaller  branches 
are  all  richly  cUiatcd.  In  other  Distomata  the  lateral  trunks  appear  to  be 
converted  into  excretory  organs,  as  they  are  full  of  minute  granules  :  they 
remain  eminently  contractile ;  but  their  connexion  with  the  system  of  smaller 
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ramified  vessels  ceases  to  be  easy  of  demonstration.  They  still  form  one 
system ;  but  the  cilia  are  no  longer  to  be  found  in  the  smaller  ramified  vessels. 
In  certain  Nematoiclea  the  vascular  system  is  reduced  to  a  couple  of  lateral 
contractile  vessels  altogether  devoid  of  cilia,  but  communicating  with  the 
exterior  by  a  small  aperture.  Now  in  aU  these  cases  there  is  no  doubt  the 
vascular  system  is,  physiologically,  a  respiratory  and  perhaps  a  urinary  system, 
while  the  common  cavity  of  the  body  represents  the  blood-vascular  system  of 
the  MoUusca  and  Articulata.  If  this  system,  then,  be  not  at  aU  homologous 
with  the  blood-vascular  system  of  the  higher  Annulosa,  it  is  so  with  the 
tracheae  of  Insecta." 

We  may  repeat  here  that  the  delicate  and  ciliated  rotary  organ  must  in 
some  measure  subserve  the  piu-pose  of  respiration,  after  the  manner  of  the 
gills  of  a  reptile  or  of  a  fish,  by  providing  for  the  aeration  of  the  liquids 
contained  within  it  through  the  agency  of  the  constantly  renewed  contact  of 
fresh  water  flowing  over  its  actively- vibratile  surface. 

OF  THE  NEBVOTTS  SYSTEM  AND  THE  ORGAN'S  OF  SENSE  ;  PSYCHICAL 

ENDOWMENTS. 

a.   Of  the  Nervous  System.  —  The  existence  of  a  rudimentary  nervous 
system  is  now  universally  admitted ;  but  at  the  period  when  Dujardin  wrote, 
that  talented  observer  felt  that  the  state  of  knowledge  respecting  the  Kota- 
toria  was  not  sufiiciently  precise  to  establish  the  existence  of  nerves  and  of 
nervous  ganglions.   His  scepticism  was,  no  doubt,  increased  by  observing  the 
unphilosophical  facility  with  which  Ehrenberg  described  and  represented 
nerve-cords  and  ganglions  according  to  preconceived  notions  and  loose  ana- 
logies.   Illustrations  of  Ehrenberg's  supposed  nervous  apparatiis,  and  of  its 
modifications  of  form  in  different  animals,  are  to  be  found  in  his  descriptions 
of  every  family  and  genus.   Thus  in  giving  the  characters  of  Lacinularia,  he 
says  that  "  near  the  oesophagus  is  situated  a  nervous  mass,  the  analogue  of 
a  brain  divided  into  four  or  six  lobes ;  also,  as  in  Megalotrocha  (KXXH.  374), 
two  ring -like  and  radiating  masses  with  a  row  of  ganghons  lying  beneath  the 
muscles  of  the  ciliary  wreath."    In  Melicerta,  he  speaks  of  a  curved  gland- 
like band  of  nerve-matter ;  in  Enteroplea,  which  has  no  eyes,  of  a  brain-like 
knot,  sending  off  a  thick  tortuous  nerve-cord  along  the  dorsal  sm-face  to  the 
second  transverse  vessel,  where  the  respiratory  opening  probably  exists ;  of  a 
ganglion  placed  beneath  the  eye  in  twenty-six  species  of  Notommata,  which 
in  N.  Copeus  and  N.  centrura  is  three-lobed  and  seated  above  the  maxillary 
bulb,  whilst  in  the  remainder  it  consists  of  one  or  more  nervous  gangha 
seated  amidst  the  muscles  of  the  ciliary  apparatus ;  and  in  Otogleiia,  of  an 
oval  cerebral  ganglion  with  two  dark  appendages,  a  red  eye,  a  long  nerve- 
loop  in  the  neck,  with  a  prolongation  backward,  a  forked  ventral  nerve,  and 
two  ear-shaped  frontal  protuberances  bearing  two  visual  points. 

It  would  be  iiseless  to  multiply  these  references  ;  the  general  deduction 
from  the  many  descriptions  of  Ehrenberg  is,  that  there  exists  a  cerebral  or 
brain  ganglion,  which  supports  the  eyes,  and  by  its  extension  encu-cles  the 
oesophagus  like  a  loop,  sending  off  nerve-cords  in  every  dii-ection,  and  often 
complicated  by  the  presence  of  other  nerve-ganglions  about  the  head,  neck, 
and  body.  Moreover,  the  apparent  reticulations  frequently  visible  below  the 
ciliary  wreath,  which  he  sometimes  viewed  as  a  vascular  network,  he  at 
others  spoke  of  as  a  nervous  plexus.  .    ,  wi         •  f 

The  present  prevailing  opinion  is  similar  to  the  above,  viz.  that  there  exists 
a  brain  or  central  nerve-gangUon  above  the  O3sophagu8,  with  outgoing  nerve- 
fibres  and  sometimes  accompanied  by  supplcmcntaiy  ganglia  in  other  regions. 
Nevertheless  the  special  descriptions  of  Ehrenberg  arc  not  accepted;  tiie 
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portions  of  tissue  fixed  on  by  Mm  as  nervous  masses,  receive  m  general  an 
entii-ely  different  interpretation.  Thus  in  the  case  of  Lacinularta  the  sup- 
posed 4-6-lobed  brain,  with  extending  nerve-fibres,  is  set  down  as  mere  col- 
lections of  "  vacuolar  tliickenings,"  with  intercurrent  fibres  of  connective 
tissue.  The  same  intei-pretation  is  extended  to  the  "  nine  pairs  of  ganglia, 
with  fine  interlacing  nerve  fibres,"  in  Notommata  clavulata,  and  to  the  four 
or  five  such  in  Diglena  lacitstris ;  yet  in  both  these  species,  the  central  or 
brain  ganglion  represented  by  Ehrenberg  is  allowed  to  retain  this  character 
by  Leydig,  who  sets  aside  all  the  rest  as  mythical. 

The  following  critique  on  Ehi'enberg's  views  is  from  Prof.  Williamson  : — 
"  The  small  organs  so  common  amongst  the  Rotifera,  and  which  Ehrenberg 
regards  as  nervous  ganglia,  are  abundant  in  the  Melicerta,  but  they  afford  no 
countenance  to  the  hypothesis  of  the  great  Prussian  Professor  (XXXVII. 
17  h).  They  appear  to  be  nothing  more  than  small  cells,  or  vesicles,  formed 
of  granular  viscid  protoplasm,  very  similar  to  those  into  which  the  yelk  of  the 
egg  becomes  divided.  Sometimes  they  float  freely  in  the  fluid  which  distends 
the  integument  and  bathes  the  viscera  ;  at  others,  thin  ductile  threads  pass 
from  one  vesicle  to  another ....  There  is  no  uniformity  in  their  arrangement 
in  different  individuals.  They  differ  as  widely  as  possible  in  their  size, 
number,  and  distribution.  So  far  from  being  nervous  vesicles,  they  appear 
rather  to  be  cells  modified  into  a  rudimentary  form  of  areolar  (connective) 
tissue.  That  they  are  hoUow  vesicles  or  ceUs,  very  viscous,  readily  cohering, 
and,  owing  to  this  coherence,  readily  drawn  out  by  the  movements  of  the 
various  organs  to  which  they  are  attached,  are  facts  capable  of  easy  demon- 
stration." 

A  central  nervous  mass  or  brain,  immediately  subjacent  to  the  eye-specks, 
and  above  the  oesophagus  or  pharynx,  which  sends  off  nerve-fibres  in  different 
directions,  is,  as  already  intimated,  generally  admitted  to  exist.  It  is  men- 
tioned by  Siebold,  Perty,  Gosse,  Dalrymple,  Leydig,  Cohn,  and  others.  The 
two  first-named  authors  allude  to  it  as  a  group  of  ganglions ;  but  Leydig 
affirms  that,  although  it  may  be  lobed,  it  is  always  a  single  and  undivided 
organ.  Some,  again,  have  treated  of  it  as  forming  a  loop  or  ring  around  the 
gullet ;  but  such  a  condition  is  denied  by  Leydig,  who  states  that  it  only 
extends  itself  in  the  form  of  diverging  nerves,  which  end  by  enlarged  extre- 
mities, and  never  form  loops,  such  as  Ehrenberg  represented,  around  the 
tubular  process  or  respiratory  siphon. 

This  nervous  centre  or  brain,  supporting  the  eyes,  is  seen  in  the  families 
Hydatincea,  Euchlanidota,  and  BracMoncea.  Leydig,  however,  cannot  admit 
the  masses  supposed  to  represent  the  cerebrum  in  the  families  (Ecistina,  Mega- 
lotrochcea,  and  Floscularia,  nor  the  pairs  of  nerve-like  ganglions  at  the  base 
of  the  trochal  disk  of  Stephanoceros,  to  have  a  cerebral  character ;  he  supposes 
them  rather  to  be  "  coils  of  the  respiratory  canal,  or  heaps  of  granules  or 
nuclei,  such  as  are  met  with  beneath  the  cuticle." 

Prof.  Huxley  discovers  the  nervous  centre  under  a  peculiar  and  unusual 
usual  form  in  Lacinularia  socialis.  To  quote  his  words — "  On  the  oral 
side  of  the  neck  of  the  animal,  or  rather,  upon  the  under  surface  of 
the  trochal  disk,  just  where  it  joins  the  neck,  and  therefore  behind  and 
below  the  mouth,  there  is  a  small  hemispherical  cavity  (about  t  4VT7th  of 
an  inch  in  diameter),  which  seems  to  have  a  thickened  waU,  and  is  richly 
ciHated  within.  Below  this  sac,  but  in  contact  with  it  by  its  upper  edge,  is 
a  bilobed  homogeneous  mass  (about -^th  of  an  inch  in  diameter),  resembling 
m  appearance  the  gangUon  of  Brachionus,  and  running  into  two  prolongations 
below  ;  but  whether  these  were  continued  into  cords,  or  not,  I  could  not  make 
out. 
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"  I  believe  that  this  is,  in  fact,  the  true  nervous  centre,  and  that  the  sac 
in  connexion  with  it  is  analogous  to  the  ciliated  pits  on  the  sides  of  the  head 
of  Nemertidce,  to  the  '  ciliated  sac  '  of  the  Ascidians,  which  is  similarly  con- 
nected with  their  nervous  centre,  and  to  the  ciliatod  sac  which  forms  the 
olfactoiy  organ  of  AmpMoxus. 

"  Mr.  Gosse  has  described  a  similar  organ  in  Melicerta  ringens  ;  and  I  have 
had  an  opportunity  of  verifying  his  observations,  with  the  exception  of  one 
point.  According  to  this  observer,  the  cilia  ai-e  contiQuous  from  the  trochal 
disk  into  the  cup ;  so  far  as  I  have  observed,  however — and  I  paid  particular 
attention  to  the  point, — ^the  cilia  of  the  cup  are  wholly  distinct  from  those  of 
the  disk.  The  interesting  observations  of  the  same  careful  observer,  upon  the 
architectural  habits  of  Melicerta,  would  seem  to  throw  a  doubt  upon  the  pro- 
priety of  ascribing  to  the  organ  in  question  any  sensorial  function.  But 
however  remarkable  it  may  seem  that  an  animal"  should  build  its  house  with 
its  nose,  we  must  remember  that  a  similar  combination  of  functions  is  ob- 
vious enough  in  the  elephant." 

This  last  analogy  is  assm-edly  very  far-fetched,  and  can  sei-ve  nothing  in 
the  argument ;  and  to  us  it  seems  a  much  more  reasonable  supposition  that 
the  homogeneous  bilobed  body  below  the  ciliated  cup  is  a  gland,  than  that  it 
is  a  brain  ;  were  it  a  brain,  surely  some  nerve-fibres  would  be  traceable  fi-om 
it  into  the  interior  of  the  animal.  Of  this  body  Prof.  Williamson  says — "  I 
see  no  sufficient  reason  for  assigning  to  the  small  organ  nervous  functions ;" 
and  he  further  remarks  that  "the  ciliated  sac  or  cup  becomes  so  contracted  when 
the  animal  is  not  busy  in  constructing  its  case,  as  to  be  almost  invisible,"  which 
is  another  circumstance  discountenancing  Prof.  Huxley's  notion  of  its  pur- 
pose. Cohn  has  no  doubt  of  the  cerebral  nature  of  the  large  semiglobular 
mass,  noticed  also  by  Ehi'enberg,  in  the  head  of  Hydatina  senta  ;  and  he 
records  having  frequently  observed  in  its  interior  a  large,  transparent,  circu- 
lar vesicle  or  vacuole.  A  large  number  of  nerves  are  given  off  from  its  an- 
terior portion  ;  but  from  its  posterior,  two  thick  fibres  proceed  backwards  and 
outwards  to  the  apparent  ciliated  opening  on  the  surface  of  the  back,  and 
constitute  a  cervical  loop.  There  is,  however,  no  actual  opening,  but  merely 
a  cUiated  fossa,  which  is  probably  a  sentient  organ.  About  the  large  cerebral 
ganglion  are  other  lobules,  also  probably  nervous,  from  which  fibres  are  given 
off  and  possibly  form  a  plexus  between  the  alimentary  tube  and  ovary,  be- 
sides supplying  the  muscles.  Above  the  ciliated  fossa  named,  is  another  de- 
pression supplied  with  nerves ;  and,  according  to  Ehrenberg,  a  similar  one 
is  present  on  the  opposite  side  of  the  body. 

Various  accessory  ganglions  or  nerve-centres  have  been  represented  by 
authors  at  different  parts  of  the  body,  mostly  in  relation  with  some  of  the 
pi-incipal  organs,  this  arrangement  being  suggested  by  the  known  nervous 
system  of  other  Invertebrata — ^for  instance,  the  MoUusea,  which  have  usually 
a  special  ganglion  for  the  nervous  supply  of  each  principal  organ  of  the  body. 
Such  a  multiplication  and  disposition  of  ganglia,  Oscar  Schmidt  endeavoured 
to  demonstrate  in  Brachionus  urceolaris  and  in  Hydatina  senta.  His  inter- 
pretation has,  however,  not  been  accepted  by  others,  and,  generally,  the 
characteristics  of  ganglions  are  so  iU-defined,  that  the  bodies  considered  to 
be  such  by  the  obsei-ver  are  pronounced  to  be  no  other  than  vacuolar  thick- 
enings of  connective  or  other  dissimilar  tissue  by  others. 

Perty  makes  the  statement  that  in  Hydatina,  Syncha'ta,  and  Diglena  there 
is  a  series  of  ganglions  along  the  anterior  siu-face  of  the  abdomen,  with  con- 
necting nerve-flbres  between  them  and  the  brain.  A  nen-ous  system  of  this 
sort  belongs  to  the  higher  Crustacea ;  but  although  many  have  sought  it  in 
the  Kotatoria,  Perty  is  the  only  observer  who  has  affirmed  its  existence  in  any. 
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Mr.  Dalrymple  mentions  the  presence,  in  Ms  Notommata  anylica,  of  a  small 
gangUon  sending  off  nerves  to  the  stomach,  salivary  glands,  and  ovary  ;  but 
Leydig  looks  upon  this  structm-e  as  no  more  than  the  cells  and  fibres  of  con- 
nective tissue,  and  states  that  "  sinular  clear  cells,  of  various  size,  having 
delicate  elongated  branches,  are  seen  in  Notommata  centrura,  N.  Myrmeleo, 
davulata,  and  in  BirjUna  lacustris.  The  dehcate  branches,  or  threads, 
extend  between  the  epidennis  and  the  viscera  of  the  body,  and  were  described 
by  Ehrenberg  to  be  nerves,  but  are  actually  the  means  of  retaining  the  vis- 
cera in  situ," — a  conclusion  supporting  that  of  Prof.  Williamson. 

There  is,  however,  one  set  of  nei-ves  recognized  by  most  observers,  which 
proced  from  the  cerebral  ganglion  to  the  sm-face  of  the  body,  ending  at  the 
bottom  of  the  epidermic  pits  described  above  (p.  403),  from  which  stiff  cilia  or 
bristles  project,  or,  otherwise,  running  to  the  extremity  of  the  protuberances 
and  antenna-Uke  processes,  which  are  also  armed  with  bristles.  Dalrymple 
noticed  nerves  so  distributed  ia  Notommata  anglica  ;  and  Leydig  has  indicated 
the  like  in  many  species.  The  supply  of  a  nerve  to  the  so-called  siphon  or 
respii-atory  tube  imparts  to  it  the  character  of  an  antenna,  tactile  organ,  or 
feeler.  The  evident  delicate  band  or  cord  seen  within  the  tubular  process  of 
Melicerta  is  indeed  called  by  Mr.  Williamson  a  muscular  band ;  yet  at  least 
some  portion  of  it  must  be  esteemed  a  nerve-cord,  if  the  organ  in  question 
really  possesses  tactile  powers. 

A  similar  distribution  of  nerves  is  witnessed  in  the  Turbellaria,  and,  as 
Leydig  says,  among  the  Phyllopoda  and  Arthropoda. 

Ifervous  substance  has  its  origin  in  simple  cells,  which  in  ganglia  retain 
their  cellular  character,  but  in  nerves  appear  to  be  elongated  as  tubes, — the 
cell-wall  constituting  the  nei-ve-sheath  or  the  neurilemma — the  cell-contents 
(the  contained  nerve-tissue)  existing  as  a  fine  molecular  matter.  In  neiwe- 
masses  or  ganghons  the  original  nuclei  remain,  and  the  several  constituent 
cells  are  aggregated  and  held  together  by  diffused  connective  tissue.  Some 
peculiar  stnictui-es,  supposed  to  stand  in  especial  relation  to  the  nervous 
system,  are  described  by  Leydig.  We  cannot  do  better  than  foUow  his 
accoimt  in  an  abstract. 

Immediatel}'  above  or  about  the  brain-ganglion,  in  many  genera,  a  sac  is 
observable  filled  with  a  whitish  substance,  called  by  Ehrenberg  the  "  chalk- 
sac  "  (Kalkbeutel).  Leydig  confesses  that  he  has  hitherto  been  unable  to 
determine  whether  this  sac  is  in  immediate  connexion  with  the  brain,  or  in- 
dependent of  it.  In  Notommata  centrura  (XXXVIII.  26  t)  it  appears  as  a 
process  or  lobe  of  the  brain ;  but  in  another  species,  N.  aurita,  the  sac  is  so 
elongated  as  to  form  a  thin  stem  filled  with  the  chalk-like  matter,  which  it 
seems  to  discharge  by  an  opening  on  the  head.  This  organ  would  therefore 
seem  to  partake  of  the  nature  of  a  gland.  Beside  the  genera  named,  this  sac 
is  seen  in  Notommata  tripus,  in  N.  collaris,  and  in  N.  tardigrada  ;  also,  if  the 
black  spepk  noticed  by  Perty  be  the  same  structure,  in  N.  roseola.  Ehrenberg 
refers  to  its  existence  in  Dicjhna,  Megalotrocha,  and  Bracliionus ;  but  in  the 
last-named  genus  Leydig  has  failed  to  discover  it. 

The  vesicular  space  or  sac  is,  in  several  instances,  not  single ;  but  two, 
three,  or  four  are  noticeable.  Thus  in  Megalotrocha  Ehrenberg  mentions  four 
opaque,  white,  spherical  bodies  at  the  base  of  the  rotary  organ. 

Another  sac,  distinct  from  the  foregoing,  is  scon  in  Eiichlanis  and  Notom- 
mata centrura,  lying  in  the  median  line  close  above  the  brain,  and  discharging 
itself  by  a  duct  passing  forwards  to  the  cuticle.  It  contains  no  challcy  nuitter, 
but  IS  translucent  and  composed  of  clear  cells.  The  peculiar  and  considerable 
organ  which  Leydig  met  with  in  Stephanoceros,  placed  in  advance  of  the  sto- 
mach, and  consisting  of  a  group  of  hyaline  vesicles  with  a  discharging  orifice 
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on  the  neck,  its  observer  is  inclined  to  refer  to  the  same  category  with  the 
problematical  structures  of  Euchlanis  and  Notommuta  centrura.  He  more- 
over seeks  to  establish  an  afSnity  between  these  organs  and  the  small  clear 
space  siu'mounted  by  a  ring  on  the  cuticle,  situated  in  the  middle  line  of  the 
body,  behind  the  frontal  speck  in  Phyllopoda,  such  as  Branchipus  ;  but  even 
if  this  affinity  be  admitted,  no  light  is  thrown  upon  the  functions  of  these 
questionable  structures, 

b.  Organs  of  Sense. — The  existence  of  some  of  the  senses  is  to  be  in- 
ferred from  that  of  a  nervous  system.  The  sense  of  touch  is  one  concerning 
which  there  can  be  no  question ;  that  of  taste,  in  its  natiire  allied  to  the 
tactile  sensibility,  is  very  doubtful,  whilst  those  of  smelling  and  hearing  may 
be  pretty  safely  stated  to  be  entirely  absent.  Lastly,  the  sense  of  sight 
is  generally  admitted  to  exist,  and  to  have  special  organs,  or  eyes,  for  its 
exercise. 

Touch  may  be  supposed  to  be  diffused  as  common  sensibility  over  the 
entire  surface  of  the  body,  and  especially  developed  in  the  soft  tissue  of  the 
rotary  organ,  in  its  processes  and  antennae,  and  in  the  soft  processes  and 
termination  of  the  pseudopodium.  Something  approaching  a  sense  of  taste 
has  been  imagined  present,  particularly  in  the  antennte  or  feelers.  If  the 
faculty  of  hearing  seems  occasionally  exercised,  we  must  attribute  the  cir- 
cumstance in  part  to  the  perception  of  the  disturbing  cause  by  vision,  and  in 
part  to  the  vibrations  produced  in  the  Hquid. 

The  visual  organs  (XXXYIII.  16-19,  33)  have  claimed  particular  atten- 
tion, and  now  have  their  existence  in  the  majority  of  Eotatoria,  at  some  pe- 
riod of  their  life,  satisfactorily  proved.  Dujardin,  dissatisfied  with  Ehrenberg's 
hasty  generalizations,  and  compelled  to  deny  the  visual  character  of  the  co- 
loured specks  in  various  Protozoa  and  Phytozoa,  looked,  no  doubt,  with  greater 
scepticism  upon  the  Berlin  Professor's  representations  of  eyes  in  Rotatoria 
than  he  otherwise  would  have  done,  and  started  some  objections  against  them. 

He  says  "  I  will  not  deny  a  certain  analogy  between  the  red  specks  and  the 

coloured  points  observed  in  CyclopidcB,  and  which  may  be  called  eyes  ;  but  I 
cannot  assign  to  such  specks  a  very  high  importance,  seeing  that  they  con- 
stantly disappear  in  the  adult  condition  of  many  Eotifera,  and  otherwise  show 
themselves  more  distinctly,  according  to  the  degree  of  development  as  deter- 
mined by  the  season  and  the  place  of  development."  It  should  be  noted, 
however,  in  reply  to  this  objection,  that  a  similar  disappearance,  on  the  at- 
tainment of  the  adult  state,  occurs  in  the  parasitic  Crustacea,  the  visual  cha- 
racter of  whose  eye-specks  or  ocelli  is  not  questioned.  Moreover,  although 
some  coloured  specks  in  the  Eotifera  are  undoubtedly  mere  heaps  of  granules, 
yet  others  have  assuredly  a  definite  optical  organization  and  function.  These 
possess  a  refracting  medium,  the  essential  part  of  an  eye  ;  and  their  organ- 
ization, though  simple  and  imperfect,  yet  elevates  them  to  the  rank  of  eyes, 
eyelets,  or  ocelli. 

Ehrenberg  gave  much  attention  to  the  position,  number,  and  other  pecu- 
liarities of  the  eye-specks  of  Eotatoria,  as  he  employed  them  largely  in 
framing  his  classification.  Unfortimately,  however,  he  did  not  acquaint  him- 
self sufficiently  with  their  minute  structm-e,  but  was  content  to  call  all  the 
coloured  specks  he  met  with  eyes,  and  insisted  on  unimportant  and  inconstant 
particulars  as  generic  and  specific  characteristics.  These  errors  have  conse- 
quentty  much  vitiated  his  classification  {see  chapter  on  Classification)  ;  and 
the  tendency  at  the  present  day  is  to  assign  to  the  coloured  eye-spots  an  al- 
together secondary  rank  among  the  characteristics  of  Eotatona. 

Ehrenberg  described  the  eye-specks  as  variously  situated,  on  the  tore  pari, 
of  the  head  (forehead)  or  on  the  neck,  as  mostly  sessile  (i.  e.  situated  imme- 
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diately  on  the  part),  and  rarely  pedunculate  (t.  e.  supported  on  a  pedicle  or 
stem),  as  in  Otoglena.  In  some  species,  as  in  Botifer,  the  eyes  are  placed 
on  a  protrusUe  part  of  the  head,  and  consequently  appear  at  one  tune  in  ad- 
vance of  the  head,  and  at  another  ftxr  backward  within  the  body.  In  Monura, 
Ehi-enberg  states  they  are  moveable.  The  number  of  eye-spots  vanes  con- 
siderably :  in  several  genera  there  is  but  one,  e.  g.  Fiircularia^Monocerca, 
Notommata,  and  BracMonus  ;  but  two  eyes  are  more  common,  as  in  Melw^^ 
(XXXVII.  15),  Lacinularia,  Megalotrocha  (XXXII.  376),  Botifer  (XXXV. 
476-478),  and  Diglena  ;  three  eye-specks  occur  in  Asplanchna,  TriopUhal- 
mus  (XXXIII.  412-414),  Eosphora,  and  Otoglena ;  four  in  Squamella ;  and 
from  six  to  twelve  coloured  spots  and  upwards  are  met  with  in  Cycloglena  and 
Thcorus  (XXXIV.  425-429),  but  their  visual  character  is  more  than  doubt- 
ful. These  last  "  conglomerate  eyes,"  as  Ehrenberg  caUs  them,  appear  to 
be  no  other  than  collections  of  coloured  (it  may  be  oil)  particles,  and  are 
akin  to  the  large  coloured  spaces  seen  on  Notommata  forcipata  and  Synchceta 
Baltica,  haviag  neither  a  definite  nor  a  regular  outline  (see  p.  440).  Subse- 
quent research  has  proved  Ehrenberg  in  error  respecting  the  number  of  eyes 
in  several  species, — an  error  which  seriously  affects  his  classifi.cation. 

The  ordinary  colour  of  the  eye-specks  is  red,  but  sometimes  it  is  reddish- 
brown,  and  rarely  violet  or  black.  The  colour  may  change  in  the  lifetime  of 
the  iudividual,  as  from  red  in  the  young  to  black  in  the  adult  state.  In  a 
few  instances  no  eye-specks  are  visible. 

Except  some  of  the  doubtful  collections  of  coloured  specks,  the  eye-spots  are 
placed  immediately  above  the  great  ganglion  of  the  head,  the  homologue  of  the 
brain,  or,  as  Siebold  affirms,  are  united  with  it  by  intermediate  nerve-fibres. 
The  intimate  stnicture  of  the  eyes  was  iU-understood  by  the  great  Prussian 
Professor.  He  was  unable  to  convince  himself  of  the  existence  of  a  cry- 
stalline lens  and  of  a  cornea.  Thus,  in  his  account  of  Botifer  vulgaris,  ho 
states  that  the  eyes  consist  of  several  cells  filled  with  a  granular  pigment, 
and  sometimes  they  separate  abnormally  into  several  portions.  He  thinks 
there  is  no  crystalline  lens,  although  they  are  probably  compound,  like  the 
eyes  of  iasects. 

Siebold  insisted  on  the  coloured  specks  of  Eotatoria  being  sharply  defined, 
and  in  many  cases,  at  least,  furnished  with  a  capsule,  in  contradistinction  to 
the  iU-defined  vanishing  pigment-masses  imagined  to  be  eyes  in  the  Protozoa. 
"Wagner  also  speaks  of  a  lens  in  the  eyes  of  Lacinularia.  Perty  is  adverse 
to  the  notion  of  a  lens  or  cornea,  or  of  a  capsule ;  yet  in  Pterodina  Patina 
he  notes  that  the  eUiptical  eye-speck,  viewed  on  the  side  and  from  below,  is 
seen  to  consist  of  an  upper  red  and  an  under  white  half.  That  the  latter 
represents  a  refracting  medium  is  highly  probable.  A  compound  structure 
is  further  indicated  by  Perty  in  Scandium  longicaudum,  in  which  he  perceived 
"  a  mass  of  small  granules  resembling  a  gland,  in  the  midst  of  the  red  pig- 
ment-corpuscles, which  are  outspread  irregularly,  and  paler  at  the  circum- 
ference. Moreover,  in  Euchlanis  triquetra  there  is  an  irregular  brown  scale 
with  reddish-brown  contents,  whilst  in  E.  Luna  the  unusually  large  cyc-spot 
appears  to  be  made  up  of  ten  to  twelve  distinct  red  granules. 

_  Leydig  arranges  the  single  eye-specks  under  three  types  : — 1.  an  ordinary 
pigment-spot,  of  a  rounded  or  irregular  outline,  a  reddish-brown,  black,  or 
violet  colour,  not  sharply  defined,  e.  g.  in  Notommata  Synclmta  ;  2.  a  de- 
fined,_  sharply-boimdcd  speck,  actually  composed  of  two  coalesced  hemi- 
spherical portions,  such  is  seen  in  BracMonus ;  3.  a  speck  ha\-ing  a  clear 
refracting  body  projecting  from  the  mass  of  pigment — a  structure  discovered 
by  Leydig  in  Euchlanis  unisetata  (XXXVIII.  19).  The  first  type  is  the  most 
prevalent. 
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Leydig  next  proceeds  to  show  that  the  single  eye-specks,  appearing  only 
a8_  an  accumulation  of  pigment-granules,  are  precisely  homologous  structures 
-with  the  reputed  eyes  of  Ci/clops  and  Daphnia  among  the  Entomostraca,  and 
of  Argulus,  Artemia,  and  Branchipus  among  the  PhyUopoda.  In  neither  the 
one  nor  the  other  does  a  lens,  cornea,  or  capsule  exist,  although  in  a  few  (for 
instance,  in  iVoto)??mata  -M?/rmeZeo)  a  glistening  white  substance  is  intermixed. 
The  single  eye-spot  of  Brachionus,  with  its  coalesced  central  segments,  has 
its  counterpart  in  the  eye  of  the  larva  of  Cyclops,  and  an  evident  analogy 
with  that  of  Cyclopsina,  as  also  with  that  of  Caligus,  in  both  which  a  refract- 
ing lens  makes  its  appearance,  it  is  Klcewise  similar  in  general  conformation. 

Who  then,  asks  Leydig,  can  advance  any  direct  arguments  against  the 
hypothesis  that,  by  the  medium  of  the  pigment-granules  in  immediate  con- 
tiguity with  the  nerve-eeUs  of  the  brain,  without  a  refracting  body,  a  percep- 
tion of  light  is  possible.?  That  the  Eotatoria,  on  the  contraiy,  may  possess, 
equally  with  the  Crustacea,  a  refracting  medium,  is  illustrated  by  the  example 
of  Euchlanis  unisetata.  With  reference  to  those  species  having  two  eyes,  Leydig 
has  convinced  himself  of  the  presence  of  a  lens  in  both  in  Pterodina,  Ste- 
phanops,  Metopidia,  Rotifer  citrinus,  and  in  R.  macrwus ;  and  he  thinks  he  has 
seen  one  in  the  eyes  of  the  young  of  Tuhicolaria,  Melicerta,  and  Stephanoceros, 
although  the  soft  state  of  the  parts  and  their  indistinct  outline  render  the 
observation  less  certain.  In  the  last-cited  animals,  when  any  trace  of  the 
eye-pigment  remains,  none  whatever  of  the  crystalline  lens  is  visible.  Of 
the  other  binocular  Eotatoria,  not  mentioned,  Leydig's  opinion  is,  that  ana- 
logy intimates  the  existence  of  a  refracting  medium,  and  their  nature  as  true 
eyes.  The  presence  of  a  special  homy  skin  or  a  particular  capsule  sur- 
rounding the  pigment  is  doubtful ;  for  the  cuticle  probably  perfonns  the  ofB.ce 
of  a  cornea. 

Of  the  many-eyed  Eotatoria,  Leydig  has  particularly  examined  Eospliora 
and  Theorus.  He  finds  Ehrenberg  in  eiTor  respecting  Eosphora,  which,  in  fact, 
possesses  a  single  eye-speck  above  the  brain ;  and  what  that  naturalist  took 
to  be  two  clear  eye-points  on  the  frontal  margin  are  merely  intensely  orauge- 
or  yellow-coloured  spaces,  which  are  at  once  seen  to  be  without  any  affinity 
with  the  other  eye-speclcs.  The  eyes  of  Theorus  are  nothing  more  than  oil- 
drops  within  the  stomach-glands.  Ehrenberg,  moi'eover,  describes  coloiu'less 
eyes,  the  visual  nature  of  which  may  well  be  doubted.  Although  he  has  no 
direct  observation,  Leydig  believes  that  in  Squamella  the  pigment  is  composed 
of  numerous  poi-tions  disposed  around  a  crystalline  lens,  and  that  the  animal 
may  consequently  be  called  many-eyed. 

The  conclusions  arrived  at  by  Leydig  are,  "  that  the  single-eyed  species  of 
Eotatoria  have,  many  of  them,  a  refracting  body  in  their  eye-specks,  which 
are  therefore  true  simple  eyes,  but  that  in  most  cases  a  lens  is  wanting,  and 
the  specks  are  merely  rudimentary  eyes ;  whilst  in  those  with  two  ej-e  spots, 
each  of  them  is,  by  the  presence  of  a  lens,  an  actiial  simple  eye." 

Ehrenberg  stated  that  eye-specks  were  entirely  absent  in  several  genera : 
such  were  the  doubtful  Eotatoria  Ptygura  and  Ichthydium,  also  Chcetonotus, 
Cyphonautes,  Tubicolaria,  Enteroplea,  Hydatina,  Plenrotroclia ,  Lepadella, 
Hydrias,  Typhlina,  and  Noteus.  With  reference  to  Tubicolaria,  Leydig 
shows  that  in  the  young  state  this  genus  has  two  eye-specks  ;  of  the  other 
exceptional  forms,  several  have  been  insufficiently  examined  to  found  any  cer- 
tain statements  upon. 

The  cuiious  fact  of  the  disappearance  of  the  eye- spots  in  several  Eotatoria 
has  been  already  referred  to.  Examples  occur  in  the  genera  Melicerta,  Laci- 
nidaria,  Floscidaria,  Tuhicolaria,  and  Megalotrocha. 

c.  The  Psifchical  Endowments  of  Eotatoria  are  probably  of  the  nature  of  in- 
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stinct ;  some  so  supposed  are  simply  acts  dictated  by  external  circumstances. 
Party  intimates  that  the  apparent  sinlung  after  one  another,  the  gamboling 
among  themselves,  and  the  fact  of  their  depositing  their  eggs  in  chosen  and  ap- 
propriate localities,  to  wliich,  after  an  absence,  they  will  retiu'U,  are  pheno- 
mena evidencing  perception,  design,  and  a  sense  of  company.  This  last  imagined 
sense  was  one  suggested  by  Ehrenberg,  who  affirmed  that  he  had  observed  it 
in  the  case  of  Philodina  roseola,  which,  when  kept  in  glasses,  dei^osited  its 
eggs  in  heaps,  the  parent  remaining  a  long  time  with  the  young  ones  pro- 
duced from  them,  and  so  constituting  a  sort  of  family  or  colony, — an  act 
dictated,  as  he  siu-mised,  by  a  sense  of  company  or  family. 

The  occasionally- observed  rejection,  and  ejection,  of  what  may  be  deemed 
disagreeable  or  unsuitable  nutriment,  are  acts  which  some  might  interpret  to 
be  indicative  of  volition,  and,  in  some  degree,  of  pain  or  unpleasant  impression ; 
but  they  ai-e  quite  explicable  without  reference  to  a  sentient  nerve-centre,  or 
to  high  psychical  endowments.  The  same  thing  may  be  said  of  other  reputed 
evidences  of  the  existence  of  psychical  or  mental  faculties. 

Of  the  Eephoductive  Organs  and  Development  op  Rotatoeia. — The 
Rotatoria  were  for  a  long  time  assumed  to  be  hermaphrodite  or  monoecious, 
i.  e.  that  each  individual  possessed  a  perfect  male  and  female  reproductive 
apparatus,  by  which  ova  are  formed,  and  fructified  without  the  presence  or 
contact  of  any  other  individual.  There  has  never  been  any  difficulty  in 
determining  the  female  generative  organs,  which  are  very  clear  and  well 
defined ;  but  the  gi-eatest  diversity  of  opinion  has  subsisted  respecting  the 
coexistence  of  male  and  female  organs  in  the  same  individual. 

Dujardin  attempted  no  explanation  of  this  matter,  whilst  Siebold  candidly 
affirmed  that  in  the  absence  of  any  precise  knowledge  as  to  the  male  organs, 
it  is  impossible  to  say  whether  the  Rotatoria  are  monoecious,  or  have  the  sexes 
separate — are  dioecious. 

The  dealing  up  of  this  questio  veccata,  in  several  at  least  of  the  Rotatoria, 
is  due  to  our  countryman  Mr.  Brightwell  of  Norwich,  who  demonstrated  the 
existence  of  distinct  male  animals,  and  figured  them  (XII.  65,  66)  in  his 
Taima  Infusoria.'  This  discovery  was  fiu'ther  carried  out  by  Mr.  Dal- 
rymple,  and  has  subsequently  been  extended  by  Mr.  Gosse,  Leydig,  and 
others.  Inasmuch,  however,  as  the  monoecious  or  hermaphrodite  condition 
IS  very  prevalent  among  the  lower  Invertebrata  ;  as  the  males  of  the  majority 
of  the  Rotatoria  have  as  yet  escaped  detection ;  and  as  there  are  parts  dis- 
cemible  in  several  of  them  presenting  some  similarity  with  recognized  male 
organs  in  other  animals,  not  a  few  eminent  observers  stiU  incline  to  the 
behei  that,  at  least  in  a  portion  of  this  class,  the  sexual  organization  is  of  the 
monoecious  type.  These  doubtful  organs  wiU  be  discussed  after  the  well- 
determined  female  apparatus,  and  the  male  animals,  have  been  described 
hv  St"".!.  r"""^?  Of  ANs.-These  were  pretty  accurately  determined 
by  Ehrenbei-g,  who  noticed  a  single  or  double  ovary,  an  oviduct,  an  ovisac, 
and  a  vagmal  sheath  or  outiet  leading  to  the  cloaca  or  the  rectum 

nr  inW.lT^'  ^Y'^'f  ^^'^  ^J-c  generated,  Hes  immediately  beneath 

or  behmd  the  alimentaiy  canal  between  it  and  the  contractile  sac  (XXXVIII. 

l™rl'  ^^2    1 f     f    '       "^^'^^^^^  ^-^dvances  as  far 

forward  as  the  maxillary  (oesophageal)  head.  Oftentimes  its  position  is  rather 
transverse,  and  it  lies  across  the  intestine,  or  is  curved  to  some  extent  around 
Lhlp  L?i  '^r^'  '-^^^ly  large  organ,  and  occupies  a  consider- 

able space  m  the  m tenor  of  the  body.    It  also  presents  much  diversity  of 

Sn:.!"?^l  T""^'  "^'^""8'  -''^  others  flattened,  elongated, 

renifoim  bilobed,  homed,  or  curved  like  a  horse-shoe.  It  is  enveWd  by 
a  dehcate  membrane,  rendered  very  obvious  by  the  action  of  acetic  ncid 
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(XXXVII.  220),  which,  contracts  the  substance  of  the  ovary,  and  throws  the 
membrane  into  sharp  folds.  This  membrane  may  lUtewise  be  detected  with- 
out the  assistance  of  chemical  reagents,  where  it  is  contracted  below  into  an 
outlet  or  duct  opening  in  the  cloaca.  It  forms  a  pellucid  membranous  bag, 
which  may  be  ruptured  by  pressure,  giving  exit  to  its  viscid  contents  ;  and 
Leydig  asserts  that  the  wall  of  the  ovary  is  contractile,  as  the  addition  of 
alcohol  demonstrates. 

The  substance  of  the  ovary  is  called  the  '  stroma '  or  protoplasm  ;  it  has  a 
finely-granular  appearance  and  a  viscid  consistence.  It  is  usually  of  a  milky 
or  a  light-grey  colour,  and  has  interspersed  in  it,  besides  granules,  numerous 
clear  bodies  of  a  vesicular  appearance  (XXXYII.  1  e ;  XXXVII.  7),  but 
which,  Leydig  says,  are  reaUy  homogeneous.  Williamson  counted  between 
20  and  30  in  the  ovary  of  Melicerta,  varying  in  diameter  from  x'nru^^ 
y^th  of  an  inch  (XXXVII.  22).  These,  by  development,  constitute  the  ova 
or  eggs,  and  may  be  termed  rudimentary  dVa.  Within  each  a  finely-molecular, 
more  or  less  opaque,  and  rounded  body  is  perceptible  (the  nucleus),  suiTOunded 
by  a  clear,  transparent  ring,  apparently  filled  with  fluid  (the  germinal  vesicle) 
(XXVII.  6,  7).  "These  are,"  writes  Huxley,  "the  germinal  vesicles  and 
spots  of  the  future  ova.  Acetic  acid,  in  contracting  the  pale  substance,  groups 
it  roimd  these  vesicles,  without,  however,  breaking  it  up  into  separate  masses. 
It  renders  the  nuclei  more  evident."  This  author  further  remarks,  "  the 
pale  clear  space  is  sometimes  seen  to  be  limited  by  a  distinct  membrane."  The 
measurements  of  the  nuclei  in  Melicerta  are,  according  to  Williamson,  from 

1   th  to  T-FOTT*^  ^  diameter.    Within  each  nucleus  are  usually 

from  one  to  three  clear  spots — the  nucleoli.  The  nucleolus,  as  understood  by 
Williamson,  corresponds  with  the  nucleus  in  the  preceding  description,  whilst 
this  last  term  is  applied  by  Huxley  to  the  entire  germinal  body  or  nidi- 
mentary  ovum. 

Formation-  of  Ova,  theie  Extrusion,  aitd  Development. — After  fructifi- 
cation, and  preparatory  to  their  transition  into  ova,  the  germinal  spaces  undergo 
various  changes  in  constitution  and  appearance.  The  germinal  vesicle  en- 
larges, its  nucleus  disappears,  and  the  ovum  is  indicated  only  by  an  iU-defined 
transparent  spot,  which  may,  by  pressure,  be  isolated  as  "  a  small  spherical 
cell  about  -i^rcrth  of  an  inch  in  diameter,  having  very  thin  peUucid  walls, 
and  scarcely  any  visible  ceU-contents  "  (Williamson).  Consentaneously  with 
these  movements  in  the  germinal  space,  the  construction  of  the  ovum  pro- 
ceeds by  the  attraction  and  separation  of  a  portion  of  the  surrounding  proto- 
plasm forming  a  yelk.  The  portion  so  appropriated  is  particularly  rich  in 
granules  which  have  previously  congregated  in  the  ovary,  and  now  attracted, 
it  may  be  supposed,  by  the  active  vital  action  set  up  in  the  rudimentary 
ovum.  This  abimdance  of  granules  produces  a  deeper  colour  and  an  increased 
opacity  in  this  portion  of  the  ovaiy ;  so  that  when,  as  Prof.  Williamson  re- 
marks in  the  instance  of  Melicerta,  this  process  of  development  proceeds  in 
the  centre  of  the  ovary,  the  latter  organ  appears  divided  by  the  incipient  ovum 
into  an  upper  and  a  lower  half.  . 

The  consequence  of  these  several  changes  is  that  the  resultant  ovum  is  ot 
considerable  size  (XXXVII.  170)  and  stands  prominently  outward  from  the 
general  surface  of  the  ovaiy,  acquiring  at  the  same  time  an  independent 
character  by  the  production  of  a  Hmiting  membrane  about  the  vitellus  or 
velk  called  the  vitelline  or  vitellary  membrane.  Huxley,  indeed,  does  not 
regard  tliis  as  a  distinct  and  speciaUy  produced  covering,  but  as  derived  from 
a  portion  of  the  enclosing  membrane  of  the  ovary,  pinched  off  from  the  rest. 

Prof  Williamson  enters  into  a  comparison  of  the  development  of  the  ova 
of  Mclicertavnth  that  of  the  higher  MammaUa,  to  show  the  close  relationship 
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that  subsists  between  them  during  this  process.  We  have  not  space  to  follow 
out  this  piece  of  comparative  physiology  in  the  words  of  the  author,  but  can 
only  state  his  conclusions :  viz.  that  the  elements  which  are  contained  in  and 
solely  occupy  the  ovisac  of  the  Melicerta,  are  those  which,  in  the  ovaries  of 
the  higher  Mammalia,  are  restricted  to  the  interiors  of  the  Graafian  vesicles  ; 
that,  whilst  in  the  former  the  protoplasmic  stock  forms  one  undivided  mass 
from  wliich  portions  are  successively  pinched  oE  to  fonn  the  ova,  in  the  latter 
(the  Mammalia)  it  is  divided  into  small  portions,  each  being  contained  within 
a  special  receptacle  or  Graafian  vesicle,  the  interspaces  being  occupied  by  the 
stroma  or  tissue  of  the  ovary. 

It  is  in  the  yelk-matter,  derived  from  the  protoplasm,  that  the  red  tint 
noticed  by  Ekrenberg  and  others  occurs  ;  the  colour  depends  on  red  element- 
ary granules,  and  on  highly  refractive  oil-like  pai-ticles.  Mr.  Gosse  suggests 
that  "  possibly  the  colouring  matter  of  these  reservoirs  may  be  resolved  into 
the  red  pigment  of  the  eyes,  and  the  yellow  of  the  jaw-cushion  and  other 
parts  ;  "  such  a  destiny  we  deem  scarcely  probable.  Moreover  the  apj)ear- 
ance  of  oil-molecules  often  refracting  a  red  colour,  about  parts  in  which  active 
development  is  proceeding,  is  a  fact  very  generally  observed.  A  red  hue  of 
the  ova  is  seen  in  Philodina  roseola,  Brachionus  rubens,  Mastigocerca  carinata 
and  Polyarthra ;  in  Notommata  Sieboldii,  Asplancha,  Anurcea  curvicornis, 
Synchceta  pectinata,  and  in  Lacinularia  socialis.  Leydig  believes  that  in 
many  forms,  e.  g.  Brachionus,  Noteus,  and  Euchlanis,  one  portion  of  the  ovary 
produces  almost  exclusively  the  yelk,  and  has  in  consequence  a  darker  colour 
than  the  other  part,  which  developes  the  germinal  spaces.  This  phenomenon 
has,  he  remarks,  its  analogue  in  various  Crustaceans — the  Hexafpoda  and 
Asellina.  It  may  be  here  stated,  however,  that  the  darker  portion  of  the 
ovary  has  assigned  to  it,  by  other  natiu-alists,  the  office  of  preparing  the 
winter  ova,  presently  described,  rather  than  the  yelk,  as  supposed  by  Leydig. 
The  preceding  account,  indeed,  applies  particularly  to  the  production  of  the 
ordinaiy  ova  ;  the  early  history  of  the  winter  ova  referred  to  will  be  given  in 
the  account  of  development. 

The  Ova. — The  Eotatoria  develope  two  varieties  of  eggs,  called  re- 
spectively "  summer  "  and  "  winter  "  ova,  besides  male  eggs.  Much  difference 
obtains  between  them,  especially  in  their  developments,  contents,  and  later 
history.  The  summer  eggs  have  thin,  smooth,  firm,  and  elastic  shells,  so 
transparent  that  the  course  of  the  changes  proceeding  within  may  be  watched 
throughout.  In  figure  they  are  ellipsoid,  oval,  or  ovoid  (XXXVII.  5,  6,  8,  9). 
They  are  laid  by  the  animals  during  the  whole  course  of  the  summer,  and'  are 
forthwith  hatched.  The  winter  ova,  on  the  contrary,  are  chiefly  produced  in 
the  autumn,  and  are  destined  to  remain  in  an  inactive  or  torpid  state  dui-ino- 
the  wiiiter.  They  are  generally  of  larger  dimensions,  often  irregular  in  form° 
from  mequahty  of  the  two  sides,  or  from  prominences  or  depressions  of  the 
sm-faces  (XXXIX.  20),  and  opaque  on  account  of  their  dark  granular  con- 
tents and  of  their  double  sheU  (XXXYII.  21,  22,  24).  Caustic  potash 
renders  the  sheUs  clearer  and  more  transparent,  and  causes  some  of  the 
mcqiiahtics  of  their  surface  to  decrease.  Huxley  says  that  the  tough  elastic 
membrane  or  sheU  IS  soluble  in  both  hot  nitric  acid  and  caustic  potassa. 
Between  the  two  shclLs  is  an  interspace,  more  roomy,  at  the  opposite  ends  of 
the  egg.  Iho  inner  sheU  is  thin  and  delicate,  and  immediately  envelopes 
the  yelk  enclosed  m  its  vitelHne  membrane.  The  external  one  is  thicker, 
firmer,  and  usually  of  a  brownish-yellow  colour.  Its  surface  is  mostly 
roughened,  or  tuborculated,  striated,  or  thrown  into  ridges,  arcolated,  cellular 
or  chvidod  into  facets,  besot  with  longer  or  shorter  linirs  ai  d  bristles,  and  occa- 
sionally with  spines.    Examples  of  such  modifications  of  he  surface  occur  in 
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Anurcea  Testado,  A.  serrulata,  Notormnata  Sieboldii,  N.  Myrmeleo,  Melicerla 
ringens,  Ascomorpha  Oermantca,  Lacinulana  socialis,  Scaridium  longicaudum, 
Hydatina  senta,  Anurcea  valga,  &c.  Ehxenbcrg  was  not  prepared  to  admit 
the  existence  on  ova  of  actual  hairy  processes,  but  supposed  them  to  be  the 
hair-like  filaments  of  Hygrocrocis,  or  of  other  Algae.  This  supposition  may 
in  some  cases  be  correct ;  for  ova,  like  other  bodies  in  the  water,  may  become 
the  nidus  for  the  growth  of  various  microscopic  plants  and  animals.  That 
some  ova,  however,  are  actually  hairy  is  evidenced  by  theu-  visible  occurrence 
in  that  state  even  whilst  still  within  the  abdomen  of  the  parent ;  as  may  be 
seen  in  the  ova  of  Hydatina  senta,  of  Notommata  Parasitm,  &c.  Both  winter 
and  summer  ova  may  often  be  met  with  in  the  same  animal  (XXXIX.  16) — 
the  one  kind  perhaps  stUl  in  the  ovary,  the  other  on  the  point  of  expulsion  ; 
or,  it  may  be,  both  sorts  may  be  carried  about  attached  to  the  posterior  part 
of  the  parent  animal.  This  last  occurrence  is  noticed  by  Leydig  iu  Brachionus 
Baleen. 

These  two  varieties  of  ova  were  recognized  by  Ehi-enberg,  who  assigned 
them  the  names  applied  to  them.  Mr.  Huxley  suggests,  instead  of  the  tenn 
'  winter  ova,'  the  appellation,  '  ephippial '  ova,  to  indicate  their  analogy  with 
the  similar  eggs  of  Daphnia  and  other  Entomostraca. 

When  recounting  the  propagation  of  Notommata  Sieboldii,  Leydig  remarks 
that  male  and  female  ova  are  not  developed  together  in  the  same  animal. 
This  fact  has  been  extended  by  Cohn  to  apply  to  the  whole  family  of  Eota- 
toria.  According  to  him  the  ephippial  are  always  distinguishable  by  their 
external  characters  from  the  common  summer  ova,  particularly  by  their  much 
smaller  dimensions.  They  have  thin,  transparent  shells,  and  are  chiefly  pro- 
duced at  those  seasons  when  '  ephippial '  ova  are  generated.  Their  develop- 
ment foUows  the  same  course  as  that  of  the  '  summer  '  ova ;  but  they  are  pro- 
duced in  very  much  smaller  numbers, — a  circumstance  that  affords  another 
reason  for  the  paucity  of  males  compared  with  females,  whenever  a  collection 
of  Rotatoria  is  examined. 

When  the  development  of  summer  ova  in  the  ovary  has  proceeded  to  the 
point  we  have  mentioned,  and  the  egg  is  akeady  become  a  distinct  body  from 
the  general  substance  of  the  ovary  (XXXVIT.  2  d),  it  is  slowly  moved  down- 
wards towards  the  passage  or  oviduct  (XXXYII.  2/),  which  ends  in  the 
cloaca  (XXXVII.  32  d) ;  and  it  is  in  this  part  of  its  course  that  the  shell 
becomes  perfected.  In  the  majority  of  the  Rotatoria  the  ova  are  at  this  stage 
extruded,  the  further  phases  of  development  proceeding  externally  to  the 
animal ;  in  others  they  are  detained  in  their  passage  until  the  embryo  is 
more  fully  elaborated,  or  even  until  it  is  perfect  and  released  fi'om  its  shell. 

The  size  of  the  ova  prior  to  expulsion  XXXVII.  32  d ;  XXXVITI.  2Qp) 
is  very  extraordinary,  so  much  so  that  a  single  ovum  wiU  sometimes  occupy 
the  larger  portion  of  the  interior  of  the  animal.  The  completed  egg  of  Me- 
llcerta.  has  an  average  length,  says  Williamson,  of  j^i^  of  an  inch,  and  a 
diameter  of  ^Futh.  The  eggs  of  some  Hydatince  are  ^th,  of  Lacimdana 
_i— th  of  an  inch  and  upwards  in  diameter. 

'''^in  several  Rotatoria,  two  or  more  ova  become  agglutinated  together  near 
tiie  termination  of  the  oviduct,  or  in  the  cloaca,  and  are  expelled  together  en 
masse  and  still  remain  adlierent  to  the  parent,  close  to  tiie  cloacal  outlet  at 
the  base  of  the  tail.  This  is  excmpUfied  in  Triarthra  (XXXVIII.  30  d),  Po- 
lyarthra  (XXXIII.  400,  401),  Amm  (XXXV.  496;  XXXIX.  16),  and 

Noteus.  ,     ,        .  ,  ,  V 

The  oviduct,  or  passage  from  the  ovmy  to  the  cloaca,  is  a  membranous  tuDc 
ibmed  by  a  prolongation  of  the  tunic  of  the  ovary.  It  is  always  extrcmely 
dilatable ;  and  somotimps  an  egg  is  so  long  detained  m  its  lower  part,  that  it 
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seems  to  serve  the  purpose  of  a  uterus,  and  has  recoived  the  name  of  ovisac. 
The  orifice  of  this  oviduct  or  o\dsac  into  the  cloaca  is  called  the  "  vaginal 
orifice ;  "  the  vaginal  sheath,  spoken  of  by  Ehrenberg,  would  appear  to  be 
either  the  termination  of  the  oviduct  or  sometimes  the  cloaca  itself.  The 
ovidiict  may  occasionally  be  deficient.  Prof.  Huxley  states  that  he  could 
discover  no  such  passage  in  Lacimilaria. 

The  egg,  having  descended  into  the  cloaca,  is  expelled  thence  by  means  of 
a  strong  contraction  of  the  whole  body,  and,  in  the  act  of  escaping,  involves 
the  eversion  of  the  cloaca.  The  time  occupied  in  the  formation  of  the  sum- 
mer egg,  from  its  first  aiDpearance  as  a  vesicular  space  in  the  ovary  to  its 
completion  and  extnision,  is  very  brief,  generally  only  a  few  hoiu's. 

We  have  noted  the  discharge  of  several  eggs  adherent  together,  and  their 
subsequent  attachment  at  the  anal  outlet.  In  other  Rotatoria,  liliemse,  ova 
expelled  singly  attach  themselves  at  the  posterior  extremity  of  the  body, 
singly  or  united  together  by  a  gelatinous  matter,  and  not  uncommonly  at- 
tached by  evident  cords  or  pedicles  to  the  parent.  This  is  seen  in  Megalo- 
trocha,  in  Braehionus  ruhens,  and  in  B.  Pala. 

In  the  species  last  named,  as  many  as  ten  may  often  be  seen  in  a  group 
near  the  cloacal  orifice.  In  Ascomorpha,  some  six  may  be  found  adherent. 
In  Polyarihra  (XXXVIII.  30),  not  more  than  one  egg  is  found  attached  at  the 
same  time.  Thus  the  eggs  are  carried  about  by  the  parent  one  after  another, 
arriving  at  maturity  and  escaping  from  its  shell.  The  like  phenomenon  is  seen 
in  various  Entomostraca,  and  in  Polynoe,  Exogona,  and  other  Vermes,  which 
likewise  produce  both  siunmer  and  winter  ova.  Among  the  urceolate  Eo- 
tifers,  the  eggs  escape  into  the  case  or  gelatinous  investment,  and  there  pro- 
ceed to  their  ultimate  development,  safe  from  many  obnoxious  influences  and 
from  destruction  by  other  animals. 

Development  of  the  Embbyo.  —  The  following  changes  transpire  pre- 
paratory to  the  construction  of  the  embryo.  The  nucleus  is  seen  to  elongate, 
and  then  to  present  a  constriction  about  its  middle  (XXXVII.  5)  ;  the  yelk 
at  the  same  time  shows  a  similar  constriction,  which  continues  to  deepen  in 
correspondence  with  that  of  the  nucleus,  until  at  length  there  are  two  seg- 
ments, each  with  its  contained  nucleus — the  result  of  the  fission  of  the  primaiy 
one.  Leydig  states  that  this  division  is  not  into  two  equal  portions,  but  that 
a  segment  is  cut  off  from  one  end  or  pole  (XXXVII.  2  b),  and  that  in  the 
continued  segmentation  which  ensues,  tliis  same  unequal  fission  is  again 
and  again  repeated.  However  this  may  be,  the  act  of  division  goes  on 
(XXXVII.  8)  until  at  length  the  whole  yellc  is  broken  up  into  a  mass  of 
minute  cells,  and  its  opacity  increased  by  the  number  of  molecules  they  con- 
tain (XXXVII.  2  c,  cj).  Out  of  this  mass,  the  tissues  and  organs  of  the  em- 
biyo  are  developed,  appearing  in  their  characteristic  forms  without  any  or 
otherwise  very  sHght,  transitional  phases  (XXXVII.  2  e,  d ;  XXXVIII  9) 
It  is  characteristic  also  of  Rotatoria,  in  common  with  all  the  Vermes  that 
the  embryo  is  generated  fi-om  the  entii-e  yellc,  and  not,  as  in  Crustacea  and 
still  higher  animals,  from  an  accessoiy  body  superposed  upon  the  yelk,  into 
which  the  yelk  is  graduaUy  taken  up.  Dr.  Cai-penter  remarks  that  the  mode 
of  development  is  m  aU  essential  respects  the  same  as  that  of  the  Nematoid 
Entozoa,  each  group  of  cells  evolving  some  one  principal  organ 

v'^^^i?^  succession  of  the  parts  of  the  embryo  in  the  egg  is  thus  de- 
scnbed  by  Ehrenberg  in  the  instance  of  the  Megahtrocha  alblflavicans 
"A  turbid  central  spot  appears,  which  becomes  the  cesophagell  bulb  and 
teeth  ;  a  blackish  granular  oval  body  is  also  seen  posteriorly  ;  the  eyes  gra- 
dually become  red,  and  a  motion  of  the  cilia  of  the  head  is  visible  ;  after  some 
hours  the  whole  foetus,  which  is  folded  up,  turns  itself  round,  the  shcU  bursts 
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and  the  yoimg  animal  creeps  out."  In  a  specimen  of  Brachionm  Baheri  the 
first  thing  Mr.  Brightwell  detected  was  a  motion  like  that  of  the  muscular 
oesophagus  of  the  parent. 

The  best  account  we  have  of  the  subject  is  that  given  by  Prof.  Wilhamson 
of  the  Melicerta  ringens  : — "  The  first  trace,"  he  says,  "  of  future  organiza- 
tion which  presents  itself,  appears  in  the  form  of  a  few  freely  moving  cilia 
....  at  two  points,  one  of  which  corresponds  with  the  future  head,  the  other 
near  the  centre  of  the  ovum ....  with  the  cavity  of  the  stomach ;  shortly 
after  traces  of  the  central  parts  of  the  dental  apparatus  present  them- 
selves, this,  again,  being  soon  succeeded  by  the  union  of  the  entire  mass  of 
yolk-cells,  and  the  formation  from  them  of  the  various  organs  of  the  animal. 
The  cilia  now  play  very  freely,  especially  at  the  head.  The  creature  twists  itself 
about  in  its  shell ;  two  red  spots  appear  near  the  head,  which  Ehrenberg  re- 
gards as  organs  of  vision,  and  along  with  them  a  very  dark-brown  and  some- 
what larger  spot  is  developed  in  the  integument  near  the  lower  stomach. 
The  young  animal  now  bursts  its  shell ;  and  although  its  external  ap- 
pendages (XXXYII.  15),  and  especially  the  rotatory  organs  are  imperfectly 
developed  or  unexpanded,  yet  the  whole  of  its  internal  organization,  though 
but  obscurely  seen,  is  nevertheless  that  of  the  perfect  animal,  and  not  that  of 
the  larval  state." 

In  the  embryo  animal,  whilst  within  the  egg  (XXXVII.  2  A:),  as  weU  as 
for  a  short  time  after  its  escape  (XXXVn.  3,  4  h),  Leydig  finds  in  most  Eo- 
tatoria  the  collection  of  black  or  dark-brown  particles  close  upon  the  cloaca 
(XXXVIII.  7,  8,  9),  which  has  been  described  in  the  section  on  Secretion, 
as  a  supposed  mass  of  urinary  concretions.  _ 

The  period  occupied  in  the  development  of  the  embryo  doflers  in  diiierent 
species.  Ehrenberg  stated  that  in  Hyclatina  senta,  eleven  hours  after  the 
deposition  of  a  complete  ovum,  vibration  of  the  anterior  cilia  was  visible,  and 
in  24  hours  the  young  being  escaped  from  its  sheU.  Mr.  BiightweU,  in  his 
notice  of  BracMonus  Baheri,  states  that  "  about  2  o'clock  the  animal  was  ob- 
served with  one  egg  placed  extemaUy  between  the  two  posterior  spines  of 
the  sheU  and  another  smaU  egg  in  the  left  side  of  the  animal,  wHch  increased 
much  in  size  in  the  course  of  the  day ;  at  9  in  the  evening  a  motion  was  per- 
ceived in  the  exterior  egg  like  that  of  the  muscular  oesophagus  of  the  parent ; 
and  about  this  time  the  internal  egg  was  protruded  and  placed  by  the  side  of 
the  other,  being  longer  thau  it.  At  11  the  young  BracJiionus  burst  with  a 
bound  from  the  egg  in  which  the  motion  was  perceived,  and  affixed  itseli  by 

The' egg-shell  splits  open,  longitudinally  or  transversely,  to  give  exit  to  the 
voung  animal.  This  seems  brought  about  by  the  active  movements  of  the 
embiTo  itself,  which  sometimes  bursts  (as  BrightweU  says)  with  a  bound  or 
spring  from  its  prison.  Where  the  eggs  have  been  attached,  the  empty  fissured 
sheU  continues  still  adherent  for  a  time,  until  by  the  movements  of  the  parent, 
or  by  some  accident,  it  is  detached.  pi,         ^  • 

The  variation  among  ditferent  Eotatoria  in  the  stage  of  development  in 
which  the  ovum  is  found  when  it  quits  the  ovary,  or  when  it  is  expelled  from 
the  body  has  been  already  remarked ;  but  additional  iUustrations  are  desu-a- 
ble  In' the  greater  number,  the  egg  is  laid  just  before  or  very  soon  after 
the  nrocess  of  segmentation  of  the  yelk  commences;  for  example,  in  Meh- 
certa  Lacinularia,  and  BracUonus.  In  many  genera  the  ovum  continues  m 
the  o'viduct,  the  ovisac,  or  the  cloaca,  or  otlierwise  remains  within  the  ovary 
itself  until  the  embryo  is  complete  and  even  free.  Examples  of  this  are  found 
in  Stevhanoceros,  Actinurm,  in  Botij'cr,  and  in  Notommata  Syrm,v  N.  S,e- 
Zduf^nd  in  Asplanchna.    In  Rotifer,  Ehrenberg  remarks  that,  in  the  ova- 
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rilun,  foiir  or  five  ova  sometimes  so  completely  develope  themselves,  that  the 
young  creep  out  of  theii-  envelopes,  in  which  they  were  coUed  up  in  a  spiral 
manner,  extend  themselves,  and  put  their  wheels  into  motion  while  vsdthin 
it ;  and  they  sometimes  occupy  two-tHrds  of  the  hulk  of  the  parent.  So 
Mr.  Gosse  tells  us  that  in  Asplanchna  "  the  ovum  produces  the  living  young 
in  the  ovisac,  which,  when  matured,  occupies  the  whole  lower  part  of  the 
parent."  The  occm-rence  of  embryos  free  within  the  saccular  ovary  of  Ste- 
phanoceros  (and  still  more,  if  as  some  have  thought,  they  detected  them  loose 
in  the  general  cavity  of  the  body)  forms  another  bond  of  affinity  between  this 
aberrant  genus  of  Rotatoria  and  the  Bryozoa.  Where  the  young  in  general 
quit  the  parent  in  a  free,  and  so  far  perfect  form  as  to  be  able  to  lead  at 
once  an  independent  existence,  the  animals  may  be  said  to  be  viviparous 
(producers  of  living  yoimg).  This  viviparousness  (viviparity)  is  stUl  more 
pronounced  in  some  Philodincea  and  ia  Albertia,  in  which  the  formation  of 
an  actual  egg-sheU  seems  to  be  omitted,  and  the  developed  embryo  to  be  at 
once  hberated  within  the  sac  of  the  ovary,  where  it  may  be  seen  in  active 
movement. 

The  Embryo  Metamoephosis. — It  has  already  been  remarked,  generally, 
that  the  embryo  on  emerging  from  the  egg  has  aU.  the  characters  of  its  class, 
and  is  complete  in  its  internal  organization  ;  that  any  dissimilarity  between 
the  new-bom  and  the  adult  animal  is  due,  not  to  the  absence  of  parts  or 
organs,  but  to  their  lesser  growth  and  their  imperfect  expansion  or  evolution. 
In  other  words,  the  Eotatoria  undergo  no  positive  metamorphosis ;  they  pass 
through  no  intermediate  phases  of  existence,  no  larval  form  resembling  that 
of  any  Protozoa,  in  advancing  from  the  embryonic  to  the  complete  and  per- 
fect condition. 

Leydig  does  not  partake  this  opinion,  but  thinlts  that  a  metamorphosis  is 
exhibited  in  the  course  of  development  of  most  or  all  Eotatoria,  certainly  not 
complete,  but  still  sufficient  to  advance  it  as  a  phenomenon  of  the  class.  He 
specially  adduces  the  instance  of  the  embryo  of  Stephanoceros,  as  the  most 
striking  proof  (XXXVII.  3,  4),  and  he  adds  that,  if  the  representation  by 
Ehrenberg  of  the  young  of  Triarthra  longiseta  be  correct,  the  fact  of  a  meta- 
morphosis must  be  recognized  also  in  that  genus.  Again,  he  notes  the  great 
difference  between  the  newly-bom  and  the  adult  animals  in  several  genera, 
e.  g.  in  Tubicolaria  and  Melicerta,  where  the  cihary  wreath  is  stiQ  very 
simple,  and  the  absence  of  the  tentacles  (antennae)  sufiiciently  notable 
(XXXVII.  15)  to  render  the  subsequent  modifications  an  act  of  metamor- 
phosis. Moreover,  the  disappearance  of  the  bunch  of  ciUa  in  the  youno-  state 
at  the  end  of  the  pseudopodiimi,  and  likewise  that  of  the  coloured  eye-specks 
in  many  genera,  when  the  adult  condition  is  attained,  are  also  indications  of 
the  same  phenomenon. 

The  advocacy  of  this  opinion  was  especiaUy  incumbent  upon  Leydig,  in 
order  to  furnish  an  additional  argument  in  favour  of  the  aflinity  of  the  Rota- 
toria with  the  Crastacea.  But  even  were  the  evidences  of  metamorphosis 
among  the  Rotifera  as  complete  as  he  represents,  they  would  sei-ve  his  pur- 
pose, of  demonstratmgthe  afiinity  he  advocates,  but  httle,  seeing  that  the 
immature  Rotatoria  have  no  real  resemblance  to  the  lai'val  Crustaceans  with 
their  three  pairs  of  jointed  feet.  Cohn  (Siebold's  Zeitschr.  1855,  p.  481)  has 
discussed  this  question  and  surmises  that  the  peculiar  embryo  of  StepJiano- 
ceros,  which  Leydig  cites  as  the  strongest  instance  of  an  act  of  metamor- 
phosis is  a  male  being  (XXXVII.  3).  As  to  the  other  supposed  instances, 
Cohn  disproves  its  occuiTence  in  BracMonus,  and  considers  the  disuppeai-ance 
of  the  eye-speck  m  Tuhicolana  and  Melicerta  too  trivial  a  circumstance  to 
urge  m  its  support. 
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Perty  seems  struck  by  the  considerable  variations  in  form  between  many 
embryo  and  adult  Kotatoria,  and  enunciates  the  opinion  that  many  supposed 
perfect  forms  are  no  other  than  embryonic  conditions —for  example,  Qlerw- 
pliora  Trochus,  Monocerca  valga,  Notommata  Felis,  and  Cycloglena  elegans. 
We  do  not  understand  whether  he  believes  in  a  metamorphosis,  or  if  he 
would  simply  state  that  Ehrenberg  unnecessaiily  multiphed  genera  and  spe- 
cies by  describing  immature  beings  as  distinct  forms.  If  the  latter  be  aU 
that  Perty  intends,  we  entirely  concur  with  him.  -r,  .-o 

It  is  necessary  to  detaU  the  form  and  structure  of  some  embiyo  liotitera, 
to  illustrate  the  preceding  statements.    The  embryo  of  StephaMceros 
(XXXVII.  3,  4)  is  thus  described  by  Leydig :— "  It  has  m  general  a  vermi- 
cular figure.  The  head,  wHch  supports  the  eyes,  is  separated  from  the  tnmk 
by  a  well-marked  constriction,  and  is  fui-nished  with  long  cilia.    1  he  head 
and  ciha  are  retractile.    The  red  specks  (two  in  number)  appear  actuaUy  to 
be  of  the  natui-e  of  eyes  ;  they  have  a  sharp  outline  and  are  shghtly  concave 
in  front,  as  if  a  refracting  body  was  there  seated.    Within  the  abdominal 
cavity  behind  the  head,  a  peeuHar  striation  is  obseiwable,  the  V^^^f 
which  I  cannot  imagine;  further  backward  is  a  clear  space  in  which  long 
ciHa  are  seen  in  activity,  and  which  indicates  the  cavity  of  the  ahmentaiy 
canal.    Moreover,  the  maxiUary  apparatus,  and  the  special  vesicle  containmg 
the  inorganic  particles  (urinary  concretions)  are  perceptible.    Ihe  termina- 
tion of  the  body  bears  some  dehcate  vibratile  ciHa."    Beyond  this  phase  of 
development,  the  embryo  does  not  advance  in  the  egg,  but  after  bemg  hatched, 
it  would  seem  to  assume  another  intermediate  form  before  arnvmg  at  the 
adult  state.     Leydig  found,  in  water  containing  Stephanoceros  a  young 
animal  still  possessing  in  some  measure  the  previous  vermiform  fig^e  and 
apparent  articulation  of  the  trunk  and  foot,  and  a  P™^^^^^!,-^^"  ^1 
fo^  projecting  arms.    The  eye-specks  were  still  present.    From  the  tin^- 
like  process  of  the  head,  two  considerable  tubular  ^VV'^f^^l'^'^^^^ 
stretched,  ciliated  at  the  exta:emities :  the  ciha  on  the  end  of  the  foot-process 
had  Lappeared,  but  were  very  evident  in  the  abdomen,  near  o  the  «ac  con- 
taining the  inorganic  particles.    The  mandibular  apparatiis  l^^J  the  leg^ar 
structure     He  frequently  encountered  also  another  variety,  which  together 
tSh  Z'  figure  of\he  perfect  animal,  had  five  arms  but  was  ^thout  any 
^parent  sfxual  organs,  whUe  the  foot-process  and  the  whole  body  were 
strewn  with  numerous  fat-globules.  -rn-iT  e 

We  now  continue  the  description  (see  p.  446)  by  Prof.  Wton  of 
the  embryo  of  Melicerta  after  escaping  the  egg-shell.  He  writes—  xne 
j^^Mdicerta  stretches  itself  out,  and,  everting  the  anterior  part  of  its 
Wui^olds  several  smaK  projecting ^T^f.^,  S^^^ 
means  of  which  it  floats  freely  away  (XXXYii.  i&,  ib).  J,^^^;"" 
are  in  this  stage  not  unHke  those  of  Notommata  clavulata,  but  they  soon  en 
Zt.7Z  become  developed  into  the  flabelliform  wheel  organs  of  t^e  nia^e 

Sals.  The  dental  apparatus  is  now  fully  fr'''^fA^::^'^^SZt 
and  muscular  fasciculi  are  all  present,— only  the  epithehal  cell^  the  Jot^^^ 
Save  not  as  yet  obtained  their  yeUow  granular  contents;  consequentiy  the 
Sera  exHbit  the  same  hyaline  aspect  as  the  rest  of  the  organism.  The  two 
XpecCre  imbedded  in  two  of  the  mammilla.  After 
for  some  time  Hke  other  free  Rotifera,  the  animal  ^dergoes  fiirther  chaii^c^ 
The  dT4-b?own  spot  is  the  first  to  disappear  ;  and  soon  after  he  two  pmk 
J^es  cease  toT  visible.    The  animal  attaches  itself  by  the  ail  to  so°ie  fixed 
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spheroidal  or  tentacular  particles  are  arranged  in  a  ring  round  the  middle  of 
the  body,  and  appear  to  have  some  internal  connexion  with  the  thin  mem- 
branous cylinder.  At  first,  new  additions  are  made  to  both  extremities  of 
the  enlarging  ling ;  but  the  jerking  contractions  of  the  animal  at  length  force 
the  caudal  end  of  the  cylinder  down  upon  the  leaf,  to  which  it  becomes  se- 
cm-cly  cemented  by  the  same  viscous  secretion  as  causes  the  little  spheres  to 
cohere.  All  the  new  additions  are  now  made  to  the  free  extremity,  which, 
as  Ehrenberg  remarks,  never  extends  beyond  the  level  of  the  cloacal  aper- 
ture of  the  outstretched  animal.  In  the  new-born  being,  therefore,  the  parts,  ■ 
as  in  the  adult,  are  aU  present ;  they  only  require  to  be  expanded  by  the 
ordinary  process  of  growth." 

Ml-.  Gosse's  account  of  a  newly-hatched  Melicerta  implies  a  gi-eater  aber- 
ration of  form  than  that  narrated  by  Prof.  WUliamson.    He  states  that 

its  form  is  trumpet-shaped  like  that  of  Stentor,  with  a  wreath  of  cUia 
aroimd  the  head,  interrupted  at  two  opposite  points.  The  central  portion  of 
the  head  rises  into  a  low  cone."  After  various  movements  and  gyrations  for 
an  hoiu-,  the  yoimg  animal  settled  itself,  and  the  form  of  the  adult  became 
manifest :  "  the  four  petals  of  the  disk  were  well  made  out,  though  the  sinu- 
osities were  yet  shallow  ;  the  antennae  at  first  were  only  small  square  nipples, 
but  soon  shot  out  into  the  usual  form  ;  the  ciliated  chin  was  distinct,  as  was 
also  the  whirling  of  the  pellet-cup  immediately  beneath  it." 

"We  are  indebted  to  Mi-.  Huxley  for  an  elaborate  description  of  the  young 
of  Lacinularia  socialis  (XXXVII.  10,  11).  "  The  youngest  foetuses,"  he 
writes,  "  are  about  J^-th  of  an  inch  in  length.  The  head  is  abruptly  trun- 
cated, and  separated  by  a  constriction  from  the  body ;  a  sudden  narrowing 
separates  the  other  extremity  of  the  body  from  the  peduncle,  which  is  ex- 
ceedingly shoi-t  and  provided  with  a  ciliated  cavity,  a  sort  of  sucker,  at  its 
extremity.  The  head  is  nearly  circular  seen  fi-om  above,  and  presents  a  central 
protuberance,  in  which  the  two  eye-spots  are  situated.  The  margins  of  this 
protuberance  are  provided  with  long  cOia ;  it  will  become  the  upper  circlet 
of  ciha  in  the  adult.  The  margin  of  the  head  projects  beyond  this,  and  is 
fringed  with  a  cii'clet  of  shorter  cilia  in  the  adult.  The  internal  organs  are 
perceived  with  difficulty ;  but  the  three  divisions  of  the  alimentary  canal, 
which  is  as  yet  straight  and  terminates  in  a  transparent  cloaca,  may  be 
readUy  made  out.  The  water-vascular  canals  cannot  be  seen  ;  but  their  pre- 
sence is  indicated  by  the  movement  of  their  contained  cilia  here  and  there. 

"  In  young  Lacinularice  -^th.  of  an  inch  in  length,  the  head  has  become 
tnangular  ;  the  peduncle  is  much  elongated,  and  it  gradually  takes  on  the 
perfect  form.  The  young  had  previously  crept  about  in  the  gelatinous  in- 
vestment of  the  parents;  they  now  begin  to  "swarm,"  uniting  together  by 
their  caudal  extremities,  and  are  readily  pressed  out  as  united,  free,  swim- 
mmg  colomes,  resembling  in  this  state  the  genus  OonochUus." 

Mr.  Brightwell  gives  the  appended  brief  account  of  the  BracMonm  BaJceri 
on  its  escape  from  the  egg:-- At  first  it  had  the  appearance  of  an  oblong 
baU ;  by  degrees  the  anterior  part  spread,  and  the  wheel  processes  were  de- 
veloped. Soon  after  the  posterior  sheU  (lorica)  processes  were  visible  in  a 
ex^nded  "  ^"""^^  '^^^''^^  touching  each  other,  which  gradually 

These  examples  are  sufficient  to  iUustrate  the  general  character  of  embryo 
Rotatoria  and  their  progressive  assumption  of  the  adult  form;  they  more- 
over fui-nish  evidence  of  the  doctrine  that  there  is  no  metamorphosis,  or 
transformation,  m  the  proper  sense  of  the  word-no  change  but  what  is  expU-  " 
cable  by  the  ordmaiy  laws  of  growth,  or  progressive  expansion  or  evolution 
Ehrenberg  has  annoimced  it  as  a  fact  {Monatsh.  d.  Bert.  Akad.  1853,  p.  532). 
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that  Eotifera  found  at  great  altitudes  among  snow  do  not  attain  a  complete 
development,  but  retain,  as  he  expresses  it,  an  ovate  contracted  figure  within 
an  egg-like  envelope  or  capsule,  through  which  food  reaches  them  by  a 
funnel-shaped  canal.  AH  the  fimctions  of  life  he  represents  to  go  on  as 
usual  under  these  peculiar  conditions  of  existence,  including  the  deposition  and 
hatching  of  eggs.  This  account  reads  like  a  description  of  an  encysting- 
process  in  the  first  degree — that,  viz.,  for  self-defence  and  preservation — 
such  as  is  illustrated  in  the  formation  of  an  open  sheath  around  Stentor,  as 
stated  by  Cohn  (see  p.  284). 

Contents  and  Development  of  Winteii  Ova. — The  contents  of  "  winter  " 
vndelj  differ  from  those  of  "summer  "  ova.  Mr.  Gosse  gives  the  following 
account  of  those  of  Melicerta  ringens.  He  writes—"  Opening  one  or  two 
cases  (urceoli),  I  find  one  and  another  very  curious  egg-like  bodies,  not  sym- 
metrical in  shape,  being  much  more  gibbous  on  one  side  than  the  opposite, 
and  measuring  y^th  by  ^f^th  of  an  inch.  Each  was  encircled  by  five  or 
six  raised  ribs  nmning  parallel  to  each  other  longitudinally,  somewhat  like 
the  varices  of  a  wentle-trap :  viewed  perpendicularly  to  the  ribs,  the  form 
is  symmetrical— a  long  narrow  oval.  The  whole  surface  between  the  nbs 
appeared  punctured  or  granulate,  and  the  colour  was  a  dull-bro-miish  yeUow. 
Under  pressure  it  was  ruptured,  and  discharged  an  infinity  of  atoms,  of  an 
excessive  minuteness,  but  every  one  of  wHch  for  a  few  seconds  displayed 
spontaneous  motion.  Their  whole  appearance,  and  the  manner  m  which 
they  presently  turned  to  motionless  disks,  were  exactly  the  same  as  the 
spermatozoa  which  the  male  eggs  of  other  Eotifera  contam,  except  that 

these  were  so  minute."  ,  ,   ,  ,    i  x 

Mr  Dahymple  describes  similar  peculiar  ova  m  Notommata  {Asplanchna) 
to  consist  of  an  aggregation  of  cells  and  of  pigment-granules,  without  a  dis- 
tinguishable germinal  vesicle.  ,      ,     ,  j  j  i 

The  most  complete  and  satisfactoiy  account  of  the  structure  and  develop- 
ment of  the  winter  ova  is  suppUed  by  Prof.  Huxley  in  his  Histoiy  of  Laa- 
nularia  (T.  M.  S.  1852,  vol.  i.);  we  wiU,  however,  preface  it  by  Leydigs 
description.    We  learn  from  this  writer  that  in  winter  ova,  a  space  filled 
with  fluid  usuaUy  intervenes  between  the  yelk  at  each  pole  or  end  oi  the 
eee  and  the  inner  shell,  as  in  TuUcolaria,  and  that,  accordmg  to  Weisse  s 
observation  of  Brachionus  urceolaris,  the  outer  sheU,  when  the  embryo  is 
ready  to  come  forth,  springs  open  in  a  valvular  or  a  lid-hke  manner.  Ihe 
central  portion  of  the  yelk  has  a  darker  and  more  granular  appeaxance,  and 
is  surrounded  by  a  clearer  peripheral  or  coi-tical  lamina  as  m  BracJuonus 
Bakeri,  Notommata  Myrmeleo,  and  N.  centrura.  Intermingled  with  the  yeik- 
molecuies  are  numerous  clear  vesicles,  and  oftentimes  fat-particles;moreov^^ 
the  velk  of  Notommata  SieboldU  has  a  yeUowish-red  coloui-  (XAA  \  ii.  z  i, 
These  "  lasting  ova,"  as  Ehrenberg  has  otherwise  named  them,  ai-e  always 
developed  extemaUy  to  the  animal.    Like  the  summer  eggs,  they  ai-e  fre- 
quently carried  about  by  the  parent ;  it  would  not  seem,  however  that  they 
ever  accumulate  in  groups  about  the  cloaca,  but  that  mostly  the  egg  is 
s  Jta^,  and  that  two  or  three  are  of  rare  occurrence.   Thus  in  Wjon^s 
kz:m-  and  in  ^scomorpAa  never  more  than  one  is  present  ^Bra^wnv, 
ruhem  a  couple  are  occasionally  noticed,  and  in  Notommata  SuboMti  the 
highest  number  seen  was  three. 

Concerning  the  changes  ensuing  on  development,  Leydig  states  that,  on 
the  fomXn  of  a  membrane  aroimd  the  commencing  ovum  in  he  ovary 
tl  nSS  portion  of  the  yellc  exhibits  numerous  clear  spots  w  uch  recall 
Z  JJpS  of  the  small  'cells  originating  fi.m  ^'^^^.^^^  gevmi! 
yelk  of  the  summer  ova.  From  this  we  may  conclude,  eithei  that  the  geimi 
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nal  vesicle  may,  by  repeated  fission,  resolve  itself  into  numerous  clear  vesicles, 
without  any  further  change,  except  that  of  an  attendant  grouping  of  the  yelk- 
particles  about  the  products  from  the  germinal  vesicle,  or  that  perhaps  the 
winter  eggs,  at  their  origin  in  the  ovary,  enclose  a  number  of  nuclei  (germinal 
vesicles)  unlike  other  ova,  which  never  commence  with  more  than  one  nucleus 
(geiTainal  vesicle).  If,"  continues  Leydig,  "  I  rightly  understand  Huxley, 
this  is  the  manner  of  development  of  the  winter  eggs  of  Lacinularia  socialis  ; 
and  the  bisection  into  two  equal  halves,  which  I  formerly  referred  to  fission, 
has,  according  to  this  writer,  no  relation  to  it." 

Respecting  this  description,  Prof.  Huxley  remarks  that  he  thinks  Leydig 
"  has  not  observed  the  genesis  of  the  ephippial  ova  with  sufficient  care,  and 
he  thence  interprets  their  stmcture  by  supposing  that  they  are  ordinarily 
fecundated  ova,  which  have  undergone  a  peculiar  method  of  cleavage  and 
having  quoted  the  opinion  of  other  naturalists,  he  goes  on  to  say — "  it  will  be 
obsei'ved  that  all  these  authors  consider  the  winter  or  ephippial  ova  and  the 
ordinary  ova  to  be  essentially  identical,  only  that  the  former  have  an  outer 
case.  The  tnith  is,  that  they  are  essentially  different  structures.  The  true 
ova  are  single  cells  which  have  undergone  a  special  development ;  the  ephip- 
pial ova  are  aggregations  of  cells  (in  fact,  lai-ger  or  smaller  portions — some- 
times the  whole  of  the  ovary)  which  become  enveloped  in  a  sheU  and  simulate 
true  ova. 

"  In  a  fuUy-grown  Lacinularia  which  has  produced  ova,  the  ovary  or  a 
large  portion  of  it  begins  to  assume  a  blackish  tint  (XXXVII.  22)  :  the  cells, 
with  their  nuclei,  undergo  no  change ;  but  a  deposit  of  strongly- refracting 
elementary  granules  takes  place  in  the  pale  connecting  substance.  Every 
transition  may  be  traced,  from  deep-black  portions  to  imaltered  spots  of  the 
ovarium ;  and  pressure  always  renders  the  cells,  with  their  nuclei,  visible 
among  the  granules.  The  investing  membrane  of  the  ovary  becomes  sepa- 
rated from  the  dark  mass,  so  as  to  leave  a  space  (XXXVII.  24) ;  and  the 
outer  surface  of  the  mass  invests  itself  with  a  thick  reddish  membrane,  which 
is  tough,  elastic,  and  reticulated  fi'om  the  presence  of  many  minute  apertures. 
This  membrane  is  soluble  in  both  hot  nitric  acid  and  caustic  potassa. 

_  "  The  nuclei  and  cells,  or  rather  the  clear  spaces  indicating  them,  are  still 
visible  upon  pressure,  and  may  be  readily  seen  by  bursting  the  outer  coat. 

"  By  degrees  the  ephippial  ovum  becomes  lighter,  until  at  last  its  colour  is 
reddish-brown,  like  that  of  the  ordinary  ova ;  but  its  contents  are  now  seen  to 
be  divided  into  two  masses,  hemispherical  from  mutual  contact  (XXXVII. 
21).  If  this  body  be  now  crushed,  it  will  be  found  that  an  inner,  structure- 
less membrane  exists  within  the  fenestrated  membrane,  and  sends  a  partition 
mwards,  at  the  line  of  demarcation  of  the  two  masses.  The  contents  are 
precisely  the  same  as  before,  viz.  nuclei  and  elementary  granules  This 
indeed,  may  be  seen  through  the  sheU  without  crushing  the  case 
rr.^' ^^^M^""^^^  *°  development  of  these  ephippial  ova  any  further. 

Those  of  Notommata,  it  appears,  lasted  for  some  months  without  change  CDal- 
rymple).  °  ^ 

"It  is  remarkable  that  in  Lacinularia  these  bodies  eventually,  Kke  the 
ephippium  of  DapJmm,  contain  two  ovum-Uke  masses  ;  and  there  can,  I  think, 
be  httle  doubt  that  the  former,  Uke  the  latter,  are  subservient  to  reproduction. 

"There  are  two  lands  of  reproductive  bodies  in  Lacinularia  :— 1.  Bodies 
which  resemble  trae  ova  in  their  origin  and  subsequent  development,  and 
which  possess  only  a  single  vitellary  membrane.  2.  ifodies  half  as  large  again 
as  the  foregoing,  which  resemble  the  ephippium  of  Daphnia,]iko  it  having 
altogether  three  investments,  and  which  do  not  resemble  true  ova,  either  in 
their  ongm  or  subsequent  development;  which,  therefore,  probably  do  not 
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require  fecundation,  and  are  thence  to  be  considered  as  a  mode  of  asexual 

'''' The'SticeUular  character  of  the  contents  of  these  '  ephippial'  ova,  Cohn 
is  unable  to  confirm.    In  his  very  valuable  essay  on  the  "  Development  of 
Eotatoria  "  (Zeitschr.  1855),  this  able  observer  has  promulgated  the  hypothesis 
of  the  occurrence  of  the  phenomenon  of  "  alternation  of  generations    ot  par- 
Lnogenesis  or  virgin-development.    A  resume  of  the  reasons  for  this  view 
mav  stand  thus  -.—Female  Kotifera  lay  eggs  of  only  one  sex ;  and  winter  eggs 
are  produced  only  by  certain  females  and  at  certain  periods-contemporane- 
ously,  that  is,  with  the  generation  of  males  :  again,  the  males  are  too  few  to 
impregnate  the  whole  of  the  apparent  female  beings  which  are  so  largely 
W,'and  always  replete  with  ova  in  course  of  development,  at  aU  seasons 
The  conclusion,  therefore,  forces  itself  upon  us  that  the  common  "  summer 
ova  are  produced  within  the  pai'ent  animal  without  any  antecedent  genera- 
te act  or  impregnation  ;  that  is,  in  other  words,  they  are  asexual  products  or 
gern^     If  tL  be  true,  it  foUows  that  the  beings  producmg  them  are  not 
tmrf;males,but  merely  asexual  nurses  (Ammen),  fui-mshed  with  a  geiW 
bTt  dekitute  of  a  real  ovaiy,  and  not  demandmg  the  actaon  of  t^e  mde 
Sr  the  development  of  its  germinal  elements.     On  the  other  hand  the 
Swi^nter  ''^^^^^^  be  considered  the  true  ova,  and  the  beings  producing  them 
thToSy  tSe  females,  furnished  with  an  ovary,  to  which  the  energy  of 
he  spe^atozoa  of  the  male  is  necessary.    But,  notwithstanding  these  phy- 
L-nlncSTdSerences  the  mere  nurses  and  the  actual  female  Eotifera  axe  m- 
tS^^^leT^C^l^e.    In  mustration  of  this  l^YPothes^  its  analogy 
^th  what  occui'S  in  Aphis,  DapMia,  and  Arte.ua,  may  be  qu Jed. 

Of  the  rate  of  development  of  these  winter  eggs,  we  know  Mtle.  Huxley  s 
«t  would  r^^^^^^^^  it  a  final  act,  involving  the  sacrifice  of  a  large,  or  even 
rthT^erpait  of  the  ovary,  and  consequently  one  which  we  camiot  sup- 
pose iSle  of  Lquent  repetiti^^  Leydighas,indeed,anobservationwhidi 

HcXS   proved  ^TVoE'-^^^^^^^^  S 
inform^s  us  he  observed  an  ^^^J^d^^^^^^j^  .^^  ,,^tlined  about 

oTit^eZ^H^  resear^es  at  3  in  the  aftemoon, 

"SalTrtc^^^^^^ 
pSL,wHch.con^e^^^^^ 

"  .f^nTk  pT'tie  No^m^Zt  soL  days  in  clear  water  containing  no 

^^^rth^Sioria,  on  the  approach  of  winter,  a..  ^^^^^^^f^^ZtZ 
r  explanation  of  the  generally  apparent  l^^^f  «^ 

ri!cm.MTY  01  BoTATOi.iA.--Althoiigh  *°  """'""^^^^^^^        ™t  their  vast 
TSS"  m,Ja,«<«  and  kept  it  i„  a  ^parate  ve.el  fo. 
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eighteen  clays,  that  dnring  this  interval  it  laid  four  eggs  per  day,  and  that 
the  young  of  these,  at  two  days  old,  lay  a  like  number.  From  these  data  he 
made  an  erroneous  calculation,  that  one  million  individuals  may  be  obtained 
from  one  specimen  in  ten  days,  that  on  the  eleventh  day  this  brood  would 
amoimt  to  four  milhons,  and  on  the  twelfth  day  to  sixteen  millions. 

This  is  the  only  direct  observation  we  have  met  with  intended  to  prove 
the  remarkable  fertility  of  the  class,  yet,  throughout  the  histoiy  of  the 
Eotifera  now  detailed,  numerous  incidental  illustrations  of  the  fact  occur, — 
for  example,  the  presence  of  several  ova  in  different  parts  of  the  sex^ial 
apparatus,  in  various  stages  of  development,  and  the  observed  rapidity  of  the 
phases  of  development,  at  least  of  summer  ova. 

The  latter  continue  to  be  formed  and  deposited  throughout  the  whole  of 
the  warm  part  of  the  year ;  and  when  this  draws  to  its  close,  the  production 
of  the  winter  ova  provides  for  the  continuous  propagation  of  the  species. 

Ehrenberg,  in  his  specific  descriptions,  notes  the  number  of  ova  he  met 
with  at  the  time  of  observation,  intimating  that  some  animals  bring  forward 
but  one  egg  at  a  time,  others  two  or  several. 

There  is,  very  probably,  a  difference  in  the  productiveness  of  various  species  ; 
but  differences  in  this  respect  wiU  also  occur  from  accidental  and  external 
circumstances,  such  as  abundance  of  food,  and  changes  of  temperature. 

MALE  EOTATOHIA  AJSTD  MALE  BEPE0I)T7CTIVE  ORGANS.     aXJESTIOlT  OP  MALE 
AITD  FEMALE  OEGANS  IN  THE  SAME  INDIVIDUALS. 

Male  Rotatoria. — Few  male  Rotatoria  have  as  yet  been  determined.  Those 
decisively  made  out  are  those  of  Asjplanchna  BrightweUii  (Notommata  anglica, 
Dalrymple),  Asplanchna priodonta  and  A.  Bowesii  (Gosse),  and  the  Notommata 
Sieholdii  (Leydig).  This  able  German  observer  argues  also  that  Enteroplea 
Eydatina  is  the  male  of  Hydatina  senta,  Notommata  granularis  that  of  N. 
Brachionus,  and  Diglena  granularis  that  of  Diglena  catellina.  Since  this  was 
written,  Cohn  has  pui'sued  the  inquiiy,  and  confirmed  Leydig's  conjeetm-e, 
that  Enteroplea  Hydatina  (Ehr.)  is  the  male  of  Hydatina  senta.  He  has 
moreover  discovered  the  males  of  two  other  species,  viz.  of  Brachionus  urceo- 
laris  and  Br.  militaris.  Still  more  recently,  Leydig  has  been  able  to  confii-m 
his  beHef  of  Enteroplea  Hydatina  being  the  male  of  Hydatina  senta  (Midler's 
Archtv,  1857,  p.  404) ;  and  Cohn  has  discovered  the  males  oiEuchlanis  dilatata 
and  Notommata  Parasitus  (Zeitschr.  1858,  p.  284).  Meanwhile  Mi-.  Gosse 
had  discovered  the  male  animals  and  their  eggs  in  the  undermentioned  genera 
and  species  :—5rac7«oui(sP«7a,  B.ruhens,  B.  amphiceros,  B.  Baheri  B  anqu- 
lans,  B.  Dorcas  B.  Mulleri,  Sacculus  viridis,  Polyarthra  platyptera,  Synchoita 
tremula  (?)  and  in  aU  probability  Melicerta  ringens,  besides  the  three  species 
ot  Asplanchna  previously  determined  (Phil.  Trans.  1856). 

The  first  male  discovered  was  that  of  Asplanchna  BrightweUii,  then  sup- 
posed to  be  a  species  of  Notommata,  and  is  thus  described  by  Mr.  Brightwell 

afwJl'f       f   ' .)=-It  \«  "  ^^o^^t        the  size  of  the  female,  and 
differs  from  it  m  form,  being  much  shorter  and  of  a  rude  trian-ular  shane 
It  IS  more  difficult  to  detect  than  the  female,  being  exceedingfy  tmnsptrt" 

SlidTubbl''^?^"'°^'^^^°^    appearing  Httle  more  th^n^a  traiK^^aren 
ciliated  bubble     It  is  very  active,  and  occasionally  puffs  out  the  sides  of  its 

Xlr'oZ::  r    t  ^^^^  ^■^^-^^'^^  «is  distended  some  time.'' 

^chgcSn  ^""^  ^'^''^^"^^  apparatus,  or  of  matters  in  course 

vJlo*".!^?  "{-^Y  ^°'^5''      ^'^^         is  a  conspicuous  round  sperm- 

vessc4  or  testis,  m  which,  under  a  high  power,  spermatozoa  in  active  ^nhra- 
tilo  motion  may  be  seen,  and  at  its  external  side  a  duct,  closed  liy  distinct 
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lateral  musclea.  Connected  with  the  testis  is  a  well-defined  intromittent 
organ,  and  a  conspicuous  passage  or  opening  for  its  extension  from  the  body 
of  the  animal.  In  the  opposite  lower  angle  are  thi-ee  small,  irregularly- 
formed,  kidney-shaped  bodies,  connected  with  an  angular  lobe  or  muscle 
lying  beneath  them.  The  male  is  also  furnished  with  the  delicate  mem- 
hranous  plicated  bag,  and  rudiments  of  the  curled  tubular  structure,  found 
in  the  female." 

Besides  determining  the  dioecious  character  of  this  Kotifer,  Mr.  BrightweU 
was  also  enabled  to  repeatedly  verify  the  occurrence  of  an  actual  coitus  occur- 
ring between  the  sexes,  and  enduring  the  greater  part  of  a  minute. 

The  male  of  the  allied  species  Asplanchna  priodonta  was  described  by  Mi-. 
Gosse.  As  the  description  supplies  additional  particulars  concerning  the 
organization,  we  extract  it  entire. 

Having  isolated  an  adult  female,  in  which  the  developing  young  seemed 
different  from  the  ordinary  embryos,  he  at  length  had  the  satisfaction  of 
seeing  two  males  bom.  "  Another  was  produced  the  same  evening  from 
another  parent,  likewise  under  my  eye." 

"  The  length  of  these  specimens  (XXXVI.  7,  8)  (male)  was  -^^th  ot  an 
inch  (that  of  the  females  was  J^th  to  J^nd  of  an  inch).  They  had  a  general 
agreement  in  outline  with  the  female.  But  the  outlet  correspondmg  to  the 
vagina  was  at  the  very  bottom  of  the  ventral  side  (XXXYI.  7,  8  6),  which 
ran  down  to  a  point,  while  the  dorsal  side  was  rounded  off.  At  the  base  ot 
this  tube  was  a  globular  sperm-sac,  with  a  short  thick  perns  m  front  the 
whole  nearly  surrounded  by  a  delicate  glandular  mass.  The  place  of  the 
stomach  was  occupied  by  a  long  sac,  having  a  slender  neck  onginating  from  the 
fore  part  of  the  head  mass,  and  at  the  bottom  broadly  attached  to  the  sperm-bag. 
THs  whole  organ  was  fiUed  with  minute  granular  matter,  except  three  or  four 
clear  globular  bladders;  the  sperm-bag  showed  a  structoe  very  sunilar. 

"  The  principal  muscles  agxeed  with  those  of  the  female.  The  tortaous 
threads,  and  their  plexuses,  were  represented  by  two  thickened  glandular 
bodies,  extending  from  the  head  mass  to  the  foUaceous  substance  surrounding 
the  sperm  bag  .  .  The  three  eyes  were  present,  situated  as  m  the  temaie, 
but  no  trace  of  jaws  was  discernible,  even  on  pressure,  nor  any  crop,  nor 
true  stomach.  These  animals  were  very  active,  swimming  rapidly  about  and 
scarcely  stiU  an  instant.  On  one  or  two  occasions  I  obsei-ved  one  of  the 
males  with  a  slender  process  protruded  to  a  considerable  length  from  the 
sexual  orifice,  and  adhering  to  the  glass  by  its  tip,  movmg  round  on  it  as  on 

Tevdig  admits  the  bisexual  or  dioecious  nature  of  the  Eotatoria  as  a  general 
fact ;  and  although,  he  says,  his  studies  have  been  diverted  from  special  re- 
searches on  this  matter,  yet,  from  the  descriptions  and  representations  of 
others,  he  believes  he  can  detect  several  male  forms  arranged  m  the  class  as 

^'S?th?ma?e  of  a  new  species,  which  he  caUs  Notonmata  SiehoUii  but 
which  is  equally  a  member  of  the  genus  AspUnfm  mth  "  the  ^^PPT^,^;^ 
Xiommato"  of  BrightweU,  he  has  given  an  elaborate  ^^^.f  P^ion  and  diaw- 
ings.  He  remarks  that  in  aU  details  of  organization  it  ^^^^^^^f^^^' 
Svmple's  account,  but,  unlike  the  English  species,  differs  consideiably  m 
We  f?om  the  female,  especiaUy  by  the  presence  of  foui-  Pomted  ai-ms 
fSxvTl  29)  He  remarks  that  -  the  so-called  "  sperm-hag  of  Dalrymple 
L  fbP  testicle  and  what  that  author  terms  the  "penis"  is  its  duct.  The 
Wes  he  give's  of  the  seminal  corpuscles  are  not  altogether  distmct,  although 
STrplmblance  between  them  and  those  of  Notommata  S^eboldn  are  iinmis- 
Sle     Ceve^^  I  must  point  out  an  error  into  which  Dalrymple  has 
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fallen,  in  describing  the  linear  seminal  coi-puscles  that  lie  parallel  to  one 
another  about  the  outlet  of  the  seminal  vesicle  to  be  bundles  of  muscular 
fibres  attached  to  the  base  of  the  penis,  and  acting  as  "  ejaculatores  seminis." 

The  EnteropleaHyclatina  (Ehi\)  is,  in  Leydig's  opinion,  the  male  of  By da  tina 
senta  :  the  reasons  for  this  belief  briefly  are,  that,  according  to  Ekrenberg's  de- 
scription and  figures,  the  Enteroplea  has  neither  jaws  nor  teeth  ;  that  its 
ovary  is  homogeneous  and  granular ;  that  the  animal  is  always  smaller  than 
Hydatina  senta ;  and  that  among  the  eggs  of  this  last-named  species,  those 
developing  into  embryo  Enterojolea  were  intermixed.  Now  each  and  aU  these 
differential,  and  some  of  them  very  exceptional  characters,  are  at  once  inter- 
preted by  assuming  Miterojplea  to  be  a  male  animal.  Indeed,  in  no  female 
perfect  Eotifer  are  the  jaws  wanting,  and  even  in  very  young  specimens  the 
ovary  is  not  homogeneous,  but  contains  many  germinal  vesicles  or  spaces.  A 
reference  to  Dujardin's  description  and  engravings  adds  additional  weight  to 
this  opinion.  This  supposition  has  been  confuTued,  both  by  Leydig  himself 
Mutter's  Archiv,  1857,  p.  404,  and  A.  N.  H.  1857),  and  by  Cohn  (Zeitschr. 
1855,  p.  451),  and  we  would  refer  the  reader  to  their  memoirs  for  an  ex- 
tended description  of  this  male  being.  By  these  researches,  the  testicle  and 
its  contained  spennatozoa,  together  with  a  male  projectile  organ,  the  absence 
of  a  digestive  apparatus,  and  other  sexual  peculiarities,  have  been  satisfactorily 
made  out. 

In  the  case  of  Notommata  granularis,  the  arguments  for  its  male  character 
are,  the  absence  of  the  maxdlte,  and  probably  of  the  ovary  also — for  neither 
Ehrenberg  nor  "Weisse  could  satisfactorily  make  out  the  existence  of  the  latter, 
— and,  further,  the  presence,  as  the  Berlm  Professor  points  out,  of  two  sorts  of 
eggs  upon  Notommata  Brachionus,  the  smaller  of  which  bring  forth  individuals 
of  the  supposed  different  species,  Notommata  granularis. 

The  evidence  for  the  male  nature  of  Diglena  granularis  ("Weisse)  is  its 
constant  occurrence  in  company  with  D.  Catellina,  and  the  production  of 
two  sorts  of  eggs  by  the  latter,  the  smaller  of  which  give  birth  to  embryos 
wanting  the  dental  apparatus.  Such  imperfect  beings  as  the  Diglena  granu- 
laris and  the  Notommata  granidaris  were  explained  by  Weisse  to  be  immatiu-e 
or  premature  embiyos.  "  It  is  truly  interesting,"  says  Leydig,  "  that  Weisse, 
at  the  time  he  wrote  perfectly  ignorant  of  male  Eotifera,  should  arrive  at  the 
conclusion  that  Notommata  granularis,  Diglena  granularis,  and  Enteroplea 
Rydatina  were  not  distinct  species,  but  the  incomplete  and  toothless  yoimg 
of  the  several  species,  Notommata  Brachionus,  Diglena  Catellina,  and  Hydatina 
senta."  It  is  added  in  a  note — "  Under  the  name  Notommata  granularis  may 
weU  be  associated  together  the  veiy  similar  males  as  well  of  Notommata  Bra- 
chionus, as  also  of  B.  urceolaris  and  B.  Pala."  A  few  notes  in  illustration 
may  be  added  from  Cohn's  account  of  the  male  of  Brachionus  urceolaris 
{Zeitschr.  1855,  p.  471).  This  is  much  smaller  and  more  active  than  the 
females.  Its  rotary  apparatus  forms  a  wide  ciliated  rim ;  but  its  cilia  are  not 
turned  inwards  and  downwards,  as  in  the  females,  to  enter  the  mouth,  for  no 
such  orifice  exists :  hence  there  is  no  maxillary  head,  no  intestine,  and  no 
gastric  glands.  In  the  place  of  those  organs  lies  a  large  pyriform  saccular 
testicle,  as  much  as  y ^th  of  an  inch  in  length,  incompletely  filled  with  fine 
dark  corpuscles,  wliich,  when  mature,  acquire  the  characteristic  figure  and 
swarming  movements  of  spermatozoa.  The  wall  of  the  testicle  is  excessively 
thick,  perhaps  muscular,  and  is  extended  upwards  into  a  tliick  cylindi-ical  band, 
which  appears  to  servo  as  a  medium  of  attachment  to  fix  the  gland  above  to 
the  region  of  the  cephalic  disk.  At  its  posterior  end,  the  testis  presents  a  close 
longitudinal  striation,  and  is  perforated  by  an  aperture  which  opens  into  a 
wide  canal  ending  in  the  penis.    This  last-named  organ  has  the  aspect  of  a 
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short  tube,  which,  as  a  rule,  lies  free  upon  the  foot,  and  extends  nearly  to  its 
extremity.    Its  inner  canal,  and  its  external  border,  exhibit  vibratUe  action. 
The  foot  is  transversely  wrinkled,  and  ends  in  two  small  toes.    About  the 
origin  of  the  penis  from  the  testicle  are  two  club-shaped  glands  which  pour 
their  secretion  into  the  canal ;  and  near  them  is  the  contractile  vesicle,  giving 
oif  its  respiratory  canal  on  each  side,  with  the  usual  tag-like  appendages. 
Several  spherical  cell-looking  bodies  occur  about  the  head,  with  the  largest 
of  which  the  eye-specks  are  in  connexion,  and  which  may  therefore  be  con- 
sidered the  cerebral  ganglion.    Upon  the  testis,  near  its  lower  end,  two  or 
three  vesicles  are  placed,  filled  with  dark  granules,  resembhng  those  seen  in 
Enteroplea  Hydatina,  and  of  which  we  cannot  predicate  further  than  that 
they  are  not  of  the  nature  of  urinary  concretions  (as  Leydig  imagined),  but 
in  some  way  belong  to  the  sexual  apparatus,  or  else  are  unconsumed  cells 
of  the  yelk-mass. 

The  tubular  or  band-like  prolongation  from  the  upper  extremity  of  the 
testicle,  noticed  by  Cohn,  and  considered  by  him  a  "  suspensor  testis,"  repre- 
sents, in  Leydig's  opinion,  rather  the  rudiment  of  the  imdeveloped  alimentary 
tube.  This  author  likewise  denies  Cohn's  statement  that  the  walls  of  the 
testis  are  thick  and  muscular,  asserting  that  they  consist  of  a  thin  membrane. 

The  spermatozoa,  i.  e.  the  fecundating  male  particles,  have  been  desciibed 
by  Mr.  Dah-ymple,  Gosse,  and  Leydig.    We  borrow  the  description  of  the 
latter  as  the  more  recent :— "  The  testicle  (XXXVII.  29  c)  of  Notommata 
Sieboldiiis  at  once  seen  to  be  more  or  less  completely  fiUed  with  spermatozoa, 
arrano-ed  about  the  excretory  duct  in  a  radiating  manner;  when  not  too  much 
compi°essed,  they  move  about  within  the  testis.    On  isolating  by  slight  pres- 
sure the  contents  of  the  organ,  may  be  noticed,  1,  large  roimd  vesicles,  in 
which,  by  a  stronger  magnifying  power,  two,  or  probably  more  hyalme  nuclei 
with  nucleoU,  entirely  occupying  the  space,  may  be  distingiushed  (XX^Vli. 
30  e) ;  2,  somewhat  larger  ceU-formed  elements,  disposed  in  a  radiating 
manner  about  a  centre,  and  larger  towards  one  side  (XXXVII.  30  c)— at 
the  rounded  extremity  a  clear  nucleus,  with  a  nuclear  corpuscle,  is  always 
placed:  3,  elongated,  mostly  falcate  or  ciu-ved  structui'es,  which  have  the 
before-mentioned  nuclei  in  their  interior,  and  on  one  margm  are  expanded 
into  an  evidently  undulating  membrane  (XXXVII.  30  a,  b,  d).    They  move 
about,  and  swim  Hther  and  tHther,  in  such  a  manner  that  they  remind  one 
not  a  Uttle  of  many  Infusoria,  having  a  clear  sharply-defined  contour  and  a 
rod-like  figure,  with  a  sHght  enlargement  at  the  middle.    It  is  these  bodies 
which  Ue  around  the  commencement  of  the  excretory  duct,  and  give  nse  to 
the  apparent  striation  above  alluded  to."    In  ffydatina  senta  the  spermatozoa 
are  iSiewise  of  two  forms,  and  are  noticed  sometimes  to  have  a  swarmmg 
movement  even  within  the  testis.  j  vi 

Leydig  has  been  unable  to  satisfy  himself  whether  the  stave-  or  rod-hke 
variety  (XXXVII.  30  /)  is  to  be  considered  the  ripest  of  the  spei-matozoa, 
ami  derived  from  one  of  the  other  forms,  or  whether  there  are  two  sorts  of 
spermatozoa  in  Notommata  Sieboldii,  as  there  are  in  Paludtna  mvtpara,  one 

of  the  Mollusca.  ^  -r,     ^   •        a  i.i 

Perty  states  briefly  and  generaUy,  of  the  spermatozoa  of  Eotatona,  that  they 
have  a  broad-oval  refractmg  body,  and  a  tan-Uke  appendage. 

The  spermatozoa  have  been  seen  within  the  abdominal  cavity  of  not  a  tew 
female  Botifera,  freely  moving  about  wthiii  it.  Tor  instance,  it  has  been 
witnessed  in  Brachionus,  ConocUhiS,  LadnuUria,  Mccjalotroclm,  and  Hyda- 
li  is  not  Imown  how  they  reach  this  cavity,  since  the  cloaca  mto 
St>i  tbPv  are  normaUy  received  is  a  closed  sac.  Cohn  imagmes  they  may 
rnte^htJgrsoraperLe  in  the  integument  as  yet  unnoticed  ;  it  is,  how- 


01'  THE  nOTATOKIA. 


457 


ever,  more  conceivable  that  they  may  pass  from  the  cloaca  into  the  respiratory 
tubes,  and  escape  into  the  general  ca\'ity  through  the  vibratile  tags— supposing 
these  last  to  terminate  by  open  mouths.  On  the  other  hand,  it  is  just  possi- 
ble that  some  supposed  examples  of  the  presence  of  spermatozoa  vnthin  the 
abdominal  cavity,  have  rather  been  instances  of  parasitic  beings  (Entozoa)  in 
the  interior.  Thus,  in  Hydatina  senta,  Leydig  describes  the  interior  occupied 
by  many  numerous  active  animalcules,  which  he  refers  to  the  genus  Astasia. 

The  minute  male  beings  just  considered  are  brought  into  existence  for  the 
sole  pui-pose  of  fertilizing  the  ova  of  the  larger  and  highly-organized  female 
animals.  In  relation  to  the  females,  they  may  be  looked  upon  as  little  other 
than  parasites  ;  they  are  even  deficient  in  organs  necessary  to  carry  on  their 
own  existence :  the  one  purpose  of  impregnating  the  opposite  sex  being 
fulfilled,  their  career  is  ended ;  and  this  career  is  so  brief,  that  the  complicated 
apparatus  otherwise  required  to  nomish  and  sustain  the  beings  can  be  dis- 
pensed with. 

The  eaiiy  history  of  the  male  Eotifer  is  that  of  the  female.  The  evolution 
of  the  ovum  from  the  ovary,  and  the  changes  transpii'ing  in  the  contents  of 
the  egg  until  the  several  organs  become  distinguishable,  are  identical  in  the 
two.  The  following  particulars  firom  Cohn's  paper  (Zeitschr.  1855,  p.  471) 
^v^ll  serve  for  illustration.  The  males  of  Brachionus  urceolaris  are  developed 
from  smaller  eggs  than  the  females,  and  which  are  adherent  in  large  number 
at  the  same  time  to  the  parent-animal.  These  eggs  are  very  sjAerical,  and 
reach  -g-J-jjth  of  an  inch  in  length  and  -g-gifth  in  diameter.  Their  shell  is  more 
delicate,  the  contents  clearer  and  much  more  transparent,  from  containing 
fewer  granules,  and  of  a  pale-yeUow  hue,  whilst  the  usual  summer  eggs  are 
dusky  grey.  Even  when  mature,  this  greater  transparency  and  absence  of  colour 
persist.  Eission  proceeds  in  the  same  way  as  in  the  female  ova  ;  and  after 
it  has  been  many  times  repeated,  the  different  organs  of  the  embryo  begin  to 
make  their  appearance, — the  red  eye-specks  being  among  the  first.  However, 
unlike  what  happens  iu  the  female  ova,  no  signs  of  the  maxillary  apparatus 
come  into  view,  but  two  or  three  dark  heaps  of  granules  which  are  not  seen 
in  those.  When  mature,  the  embryo  spiings  from  the  shell  through  a  trans- 
verse rupture,  and  is  then  seen  to  have  a  totally  different  figui'e  from  the 
female  beings,  and  at  least  three  times  smaller.  When  completely  extended, 
it  measures  only  between  -g^th  and  -g^th  of  an  inch  in  length,  and  y|^th 
to  ST?^^  ^  width,  and  is  observed  at  the  first  glance  to  be  destitute  of  the 
firm  integument  or  shield  of  the  female  animals,  and  to  have  a  short-cyHn- 
drical  figure,  prolonged  anteriorly  in  the  form  of  a  short  head  separated  by 
a  constriction  from  the  body.  The  foot  is  short  and  tubular,  the  head  crowned 
by  a  flattened  disk  expanded  into  a  wide  margin,  which  is  clothed  with  long 
vibratile  cilia  and  a  few  non-vibratile  bristles.  Their  movements  are  extra- 
ordinarily energetic. 

The  same  female  may  lay  in  succession  several  male  ova.  According  to 
Leydig,  both  male  and  female  ova  are  not  generated  at  the  same  time.  The 
small  size  and  relatively  incomplete  organization  of  the  male  Eotifcra  is  a 
circumstance  not  pecuHar  to  the  class ;  the  like  is  seen  in  the  imperfect 
"imago"  of  many  Insects,  destined  only  to  a  sexual  purpose,  in  the  para- 
site-like  males  of  Lernaia,  in  the  miniature  and  incomplete  males  of  DapU- 
madw,  and  m  the  cquaUy  inferior  male  representatives  of  Polynoc,  E.vogone. 
and  of  the  Ncmatoda  generaUy,  among  Vermes.  Leydig,  moreover,  finds  an 
analogous  fact  m  the  Siphonophora,  m  which  he  assumes  the  so-caUed  genital 
capsules,  distnbutcd  everywhere  in  the  aggregate  mass  of  animals,  to  have  a 
male  character,  and  shows  this  opinion  is  in  harmony  with  the  views  put 
forward  by  Leuckurt  respecting  them. 
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Ml".  Gosse's  conclusion  {Phil.  Trans.  1857,  p.  322)  is,  that  "  a  distinction 
of  sex  is  the  normal  condition  of  the  class,  or  at  least  of  that  group  which  is 
most  typical,  viz.  such  as  have  articulated  mallei  working  upon  a  separate 
articulated  incus.  Whether  the  same  rule  prevails  so  generally  in  those  which 
have  the  mallei  and  incus  fused  together  into  quadrantic  masses,  and  in  those 
in  which  the  organs  exist  in  a  rudimentary  condition,  is  a  question  yet  to  be 
determined.  As  these  are  certainly  the  lowest  forms  of  their  class,  it  is  pos- 
sible that  hermaphroditism  may  be  found  in  them — ^ia  the  Philodinadce,  for 
instance." 

The  summary  of  the  facts  as  yet  ascertained,  concerning  male  Eotatoria, 
will  form  a  valuable  addendum  to  our  account : — 

"  The  most  prominent  thing  that  strikes  us  is  the  absolute  and  universal 
atrophy  (so  to  speak)  of  the  digestive  system  in  male  Eotifera.  Another 
curious  peculiarity  is  the  dissimilarity  that  always  exists  between  the  sexes. 
In  Asjplanchna  and  Hydatina  the  resemblance  is  at  its  highest  point ;  in 
every  other  instance  observed,  the  sexes  are  so  unlike,  that_  they  would  be 
taken  for  widely-remote  genera.  The  male  is  always  inferior  in  size,  and 
also  in  organization,  to  the  female. 

"Whether  certain  individuals  produce  only  male,  and  others  only  female 
young,  or  whether  separate  impregnations  are  required  for  the  production  of 
the  separate  sexes,  I  do  not  Imow ;  but  from  all  my  observations  I  gather 
that  the  development  of  the  one  sex  never  takes  place  coetaneously  with  that 
of  the  other  ;  for  male  and  female  eggs  are  never  seen  attached  to  the  same 
parent,  and  the  immature  eggs  ia  the  ovary  invariably  develope  themselves 
into  the  same  sex  as  those  which  are  abeady  extruded. 

"  The  duration  of  life  in  the  male  is  always  very  brief.  I  have  never  been 
able  to  preserve  one  alive  for  twenty-four  hours.  Their  one  business  is  to 
impregnate  the  females,  which  is  the  work  of  a  few  minutes,  probably,  in  a 
state  of  freedom  ;  and  for  this  momentary  occupation  no  supply  of  loss,  by 
assimilation  of  food,  is  wanted  ;  and  hence  we  can  understand  the  lack  of  the 

nutritive  organism.  -,.       ^      •      n  rn^, 

"  Some  organs  axe  found,  with  greater  or  less  distmctness,  m  ail.  ine 
(presumed)  male  of  Hydatina  senta  received  its  names  of  Enteroplea  and 
Orqan-fisch  from  Ehrenberg  on  account  of  the  copiousness  of  its  mtemal 
organization.  A  muscular  system  is  well  developed  there,  and  m  the  males 
of  Asplanchna  and  of  BracJiionus  MulleH  ;  and,  from  the  varied  movements 
of  aU,  its  existence  may  be  inferred  where  it  is  not  detected.  The  frontal 
cilia  are,  in  almost  all  cases,  much  more  developed  than  in  the  females ;  the 
result  of  which  endowment  is  seen  in  the  excessive  rapidity  with  which  the 
male  shoots  in  aU  directions  through  the  water.  The  great  head-mass  of 
granular  substance  is  generaHy  distinct ;  and  in  several  cases  (as  in  the  As- 
planchnce  and  in  BracMonus  Dorcas  and  Br.  Miilleri)  the  great  occipital  gan- 
gUon  is  weU-defined,  with  the  red  eye  seated  on  it  as  in  the  other  sex.  Even 
where  the  ganglion  is  not  apparent,  the  eye  is  conspicuous,  with  the  exception 
of  Sacculus  and  Polyartlvra ;  and  in  this  last  instance  the  smaU  size  ot  the 
animal  must  be  borne  in  mind,  and  the  density  of  the  antenor  pai-ts. 

"  In  the  (presumed)  male  of  Hydatina,  in  those  of  all  the  Asplanchna,  and 
of  Brachionus  Dorcas,  there  are  organs  answering  to  the  lateral  convoluted 
threads  of  the  female  ;  and,  in  Asplanchna  Brightwellii  at  least,  these  are 
accompanied  by  tremulous  tags,  and  by  a  contractile  bladder. 

A  laro-e  mass  of  substance  which,  being  perfectly  opaque,  appcai-s  black 
bv  transmitted  Ught,  but  is  white  when  the  rays  ai-e  reflected,  is  so  generally 
found  in  male  Eotifera  as  to  be  characteristic,  though  it  is  not  umversdly 
present    I  do  not  find  it  in  the  Asplanchmj!,  nor  in  SacciUm.    On  the  other 
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hand,  I  have  observed  it  in  the  young  of  Stephanoceros,  Floscularia  compla- 
nata,  and  F.  cornuta  ;  and  Ehrenberg  mentions  it  in  F.  ornata  and  Ladnu- 
luria.  In  Stephanoceros,  it  was  certainly  associated  with_  well-developed 
jaws ;  and  hence  I  presume  it  is  not  exclusively  an  indication  of  the  male 
sex.  The  mass  is  sometimes  broken  up  into  fragments,  of  irregular  size  and 
shape,  and  sometimes  apparently  pulverulent.  In  general,  it  appears  to  lie 
loosely  in  the  midst  of  the  granular  amorphous  matter  that  occupies  the  pos- 
terior region  of  the  body-cavity;  but  in  BrcuMonus  Pala,  and  especially  in 
Br.  ampMceros,  I  have  fancied  that  I  discerned  traces  of  a  vesicle,  within 
which  the  white  substance  seems  to  be  contained. 

"  On  the  nature  of  this  substance  I  have  no  light  from  personal  research. 
Dr.  Leydig,  however,  considers  it  to  be  a  urinary  concretion  {Harneoncre- 
mente),  analogous  to  the  chalky  fluid  which  is  ^charged  by  many  insects 
immediately  after  their  evolution  fi-om  pupse. 

"  In  the  male  of  Asplanchna  Brightwellii,  there  is,  as  its  discoverer  observes, 
'  a  conspicuous  round  sperm-vessel,  or  testis,  in  which ....  spermatozoa  in 
active  vibratile  motion  may  be  seen.'  Mr.  Dalrymple,  and  subsequently 
myself,  also  saw  these,  both  within  the  sac  and  discharged  by  pressure. 
Each  spermatozoon,  according  to  my  own  observation,  consists  of  an  oblong 
body,  YTjL_th  of  an  inch  long,  and  an  abrupt,  slender,  vibratile  tail  of  equal 
length.  In  the  sperm-sac  of  A.  Sieboldii,  Dr.  Leydig  finds  various  seminal 
elements,  viz.  round  cells  ;  pyiiform  cells,  drawn  out  to  a  fine  point,  and  ad- 
hering to  each  other  by  their  rounded  ends  in  a  stellate  manner ;  oblong 
bodies,  with  one  side  dilated  into  a  free,  undulating,  membranous  border ; 
and  slender,  stiff,  rod-like  bodies,  with  a  central  swelling ;  all  containing 
nucleated  nuclei.  On  the  male  of  A.  priodonta,  my  observations  were  too 
Hmited  to  determine  more  than  the  existence  of  the  globular  sperm-sac. 

"  In  Brachionus  ruhens  and  Br.  Miilleri  I  found  spermatozoa,  which  I  have 
above  described.  In  the  latter,  the  sperm-bag  is  of  great  size,  and  contains, 
besides  the  spermatozoa  of  unusual  development,  slender  spiculiform  bodies, 
which  may  be  the  equivalents  of  the  little  rods  described  by  Dr.  Leydig  in 
Aspl.  Sieboldii.  The  sperm-bag  (ia  Br.  Mullen)  is  closed  posteriorly,  as  it 
is  also  in  Asp.  Brighttvellii,  by  what  appears  to  be  a  true  sphincter ;  and 
such  I  conjecture  to  be  the  explanation  of  those  diverging  lines  which 
M.  Dujaxdia  saw  in  Enteroplea  (so-called),  which  he  considered  to  be  pedi- 
cles of  his  '  touffes  de  granules'  while  the  '  touffes  '  themselves  I  take  to 
have  been  the  masses  of  urinaiy  concrement.  Dr.  Leydig,  however,  con- 
siders the  whole  to  have  been  masses  of  spermatozoids. 

"  The  outlet  of  the  sperm-bag  is,  in  all  cases,  by  a  thick  protrusUe  and 
retractile  penis.  Wherever  a  foot  exists,  this  intromittent  organ  is  continu- 
ously united  to  its  dorsal  side,  and  is  often, so  greatly  developed  that  the  foot 
itself  appears  as  an  appendage.  The  protrusion  of  the  organ,  at  least  in  most 
of  the  examples  that  I  have  noticed,  is  by  the  eversion  of  the  integuments. 
When  these  are  evolved  to  the  utmost,  the  organ  is  seen  to  be  a  thick 
column,  conical  or  nearly  cyHndiical,  with  the  extremity  truncate,  and  siu-- 
roundod  by  a  wreath  of  vibratile  ciha.  It  was  doubtless  the  extremity  of 
the  penis  that  M.  Dujardin  saw  as  '  un  organe  cilie  enire  les  mv^cles  dc  la 
queue  '  in  the  (so-called)  Enteroplea.  The  male  of  Sacculus  viHdi.%  a  species 
which  18  footless  m  both  the  sexes,  is  the  only  example  in  which  I  have  not 
seen  the  penis  ;  but  the  organ  is  probably  whoUy  retractile  ^^dthin  the  body, 
and  my  observations,  on  the  only  individual  of  this  sex  that  I  saw,  wore  in- 
sufiicient  to  determine  anything  concerning  it." 

That  male  Rotatoria  have  been  recognized  in  comparatively  few  species, 
admits  of  several  explanations.    The  smaller  size  and  comparative  rarity  of 
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the  males ;  their  dissimilarity  of  figui-e  to  that  of  the  females,  which,  coupled 
with  imperfect  examinations  or  misconception  of  their  interior  organization, 
would  readily  lead  to  theii'  institution  as  new  species  or  genera  ;  the  influ- 
ence of  the  prevalent  hypothesis  of  a  hermaphrodite  nature,  and  the  conse- 
quent exclusive  search  for  male  organs  ia  the  perfect  female  forms,  in  which, 
too,  the  uncertainty  appertaining  to  the  piu-pose  of  several  appreciable  tissues 
or  organs  would  tend  still  further  to  lead  astray  ;  the  short  existence  of  the 
males,  and  even  that  brief  life  limited,  it  would  seem,  to  a  particular  period 
of  the  year,  the  early  spring,  when  such  creatures  are  less  sought  after ; 
each  and  all  these  are  circiimstances  which  have  caused  the  male  Rotatoria 
to  be  overlooked,  and  continue  to  do  so.    However,  the  non-recognition  of 
the  male  animals  occurs  not  only  iu  the  case  of  the  Eotatoria,  but  also  of 
other  classes  of  animals,  even  more  highly  organized  and  so  large  as  to  be 
capable  of  examination  without  the  aid  of  the  microscope.    Among  mmuter 
organisms  in  which  an  nncertaiuty  prevails,  may  be  mentioned  the  Daph- 
ntadcB  and  other  Entomostraca,  among  the  majority  of  genera  of  which  the 
males  are  still  undetected,  nevertheless  the  bisexual  character  of  the  class 
is  admitted. 

The  comparative  rarity  of  male  Rotatoria  admits  of  an  mterpretation  de- 
rived from  analogy.    It  is  a  weH-recog-nized  fact,  that  in  several  classes  of 
Invertebrata  (for  example,  in  DapTiniadce  and,  among  Insecta,  m  the  genus 
Aphis)  several  generations  succeed  one  another  without  the  concurrence  ot 
a  male  animal  in  their  production,— a  phenomenon  well  named  by  Prof. 
Owen,  Parthenogenesis  or  Vii'gin-generation.     Now  it  clearly  appears  that 
one  contact  with  a  male  Rotifer  may  suffice  for  the  fertihzation  of  _aU  the 
germinal  ceUs  in  any  female  ovary,  and  be  followed  by  their  successive  de- 
velopment.   To  use  the  language  of  Prof.  Owen,  the  spermatic  force  once 
appUed  suffices  for  the  impregnation  of  a  multitude  of  ova,  or,  in  tact,  ot  the 
whole  ovary;  and  the  fact  quoted,  of  Aphides  developed  by  the  immediate 
action  of  the  spermatic  force  being  in  theii-  turns  capable  of  reproducmg 
others  by  gemmation  without  a  renewal  of  that  force,  warrants  the  supposi- 
tion that  an  analogous  phenomenon  may  exist  in  the  Rotatona.  This  analogj^ 
is  streno-thened  by  Mr.  Huxley's  interpretation  of  the  nature  and  purpose  ot 
"  winter  "  ova,  which  he  behoves  to  be  the  instniments  of  an  asexual  repro- 
duction   A  portion  of  the  ovary  seems  to  be  modified  and  extruded,  and  sub- 
sequently to  generate  a  couple  of  embryos.  On  the  other  hand,  m  the  Aphides 
an  internal  germinal  mass  remains  within  the  body,  and  a  portion  ot  it  ap- 
pears to  be  abstracted  by  each  successive  individual  produced,  until  at  length 
the  spermatic  force  is  exhausted.  This  internal  germinal  or  i-eproductive  body, 
the  instrument  of  an  asexual  generation  in  the  Aphides,  is  then  sm-ely  homo- 
logous with  the  extruded  external  generative  bodies,  or  "ephippial  ova,  ot  Ro- 
tatoria.  Such  an  asexual  reproduction  imphes  a  fewness  of  male  beings  com- 
pared with  the  multitude  of  young  which  must  be  developed  by  the  generative 
processes.  Again,  the  male  Rotatoria  are  not  only  developed  in  smaUer  numbci-s 
than  the  female,  but  their  whole  term  of  existence  is  very  bnet,  only  long 
enough  to  fulfil  their  generative  pui'pose  ;  and,  lastly,  they  are  to  be  found 
onlv  at  particular  seasons,  mostly  in  the  spring.  . 

Another  obvious  reason  for  the  scarcity  of  male  Rotifera  suggests  itself, 
viz  that  the  social  institutions  of  the  class  may  not  be  on  the  monogamous 
model  but  that  one  Httle  active  male  may  divide  his  favom-s  among  a  whole 
harem  of  females  before  he  completes  his  brief  career.  However  this  may 
be  t?(hscovcr  the  male  of  any  one  species,  continuous  observation  ^  needed 
ml-ticitriy Tt  certain  times  of  the  year  ;  and  it  must  be  confessed  that  bu 
few  Rratoria  have  hitherto  had  their  history  fully  investigated.    In  most- 
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cases,  the  examination  of  a  species  has  been  casually  undertaken  ;  the  attention 
has  been  directed  to  it  only  by  some  accidental  circumstances,  and  this  only  on 
some  one  occasion.  We  cannot,  therefore,w6nder  that  therarely-occuning  males 
have  not  often  been  encountered.  But  the  most  satisfactory  means  of  deter- 
mining the  existence  and  characters  of  the  males  of  any  species  of  Eotatoria 
have  latterly  been  fiuTiished  by  the  careful  descriptions  of  the  special  cha- 
racteristics of  male  ova,  whereby  they  can  be  distinguished  even  before  leaving 
the  oviduct,  and  their  developmental  histoiy  traced  forwards  until  their  ma- 
turity. 

We  may  mention  that  Mr.  Hallett,  formerly  demonstrator  of  anatomy  in 
the  University  of  Edinburgh,  and  subsequently  a  student  in  anatomy  at  the 
College  of  Sm-geons,  London,  directed  his  special  attention  for  many  years  to 
the  Rotatoria,  and  especially  to  the  detection  of  the  male  individuals  ;  and 
although  his  early  death  has  deprived  naturalists  of  the  published  results  of 
his  researches,  yet,  from  repeated  verbal  communication,  we  can  state  that 
he  had  arrived  at  the  discovery  of  the  male  beings  of  the  majority  of  the 
Rotatoria. 

Doubtful  Male  Organs. — Many  naturalists  are  unprepai'ed  to  admit  bi- 
sexuahty  to  be  the  universal  rule  in  Rotatoria ;  and  several  eminent  observers 
are  disposed  to  consider  certain  organs  in  female  animals  to  be  of  a  male 
sexual  character. 

Prof.  Williamson,  in  his  history  of  Melicerta,  says — "  I  have  sought  in 
vain  for  any  organ  to  which  the  fimctions  of  a  spermatic  gland  can  be  indis- 
putably assigned.  Iromediately  beneath  the  lower  stomach  and  the  conti- 
guous oviduct,  there  is  an  elongated  pyramidal  organ,  apparently  hoUow,  the 
thick  exti-emity  of  which  is  directed  towards  the  ovaiy,  and  its  opposite  at- 
tenuated portion  passes  upwai'ds  towards  the  cloaca,  between  the  oviduct  and 
the  general  integument.  Into  the  thick  inferior  extremity  of  this  organ, 
there  are  inserted,  exactly  opposite  to  each  other,  two  long- cylindrical  ap- 
pendages, which  diverge,  and,  passing  on  each  side  of  the  alimentary  canal, 
proceed  towards  the  upper  part  of  the  body,  where  their  extremities  are  not 
easily  traced.  In  but  one  instance  I  observed  them  to  terminate  in  a  series 
of  irregular  convolutions  near  the  base  of  the  two  tentacles.  Though  not  yet 
capable  of  demonstration,  it  appears  probable  that  this  curious  appendage 
may  be  a  filamentous  spermatic  tube  resembling  those  found  in  many  Arti- 
culata.  That  they  are  tubes,  and  not  muscular  bands,  appears  unquestionable ; 
and  as  they  have  obviously  a  direct  connexion  with  the  cloaca,  they  might 
ea.sily  discharge  a  fertilizing  secretion  iato  that  common  excretoiy  canal,  from 
wliich  it  would  find  its  way  to  the  ovaiy  through  the  oviduct"  (p.  432). 

Now  it  is  to  be  remarked  that  Mr.  WUhamson  states  he  could  discover 
"no  special  organs  of  cu'culation  or  respiration,  no  vessels  or  pulsating 
organs,"  and  that  the  two  tubes  he  has  referred  to  as  being  possibly  sper- 
matic ducts  are  the  homologues  of  similar  ones  in  other  Rotifera,  to  which 

Ehrenberg  has  assigned  fertihzing  functions.     Further  on  he  observes  

"  The  singular  bodies  resembhng  spermatozoa  exist  in  various  parts  of  the 
orgamsm,  where  they  are  apparently  enclosed  within  hollow  canals.  I  have 
never  seen  them  occupying  the  two  main  trunks  of  the  '  water-vascular 
system '  or  cffica;  nor  can  I  succeed  in  tracing  any  connexion  between  them. 
In  several  cases  I  have  seen  one  or  two  of  these  curious  bodies  opposite  the 
centre  of  the  upper  stomach,  very  near  to,  but  independent  of,  the  main  caical 
canal,  and  at  some  chstancc  below  the  point  where  the  latter  probably  sub- 
divides into  branches.  Near  the  neck  there  are  usually  from  two  to  three 
pairs.  Their  vibratile  motion  ceases  the  moment  the  animal  is  killed  by 
■pressure.  This  fact  does  not  countenance  the  idea  that  they  are  spermatozoa." 
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From  the  above  remarks  and  statements,  it  seems  to  us  quite  clear  that 
the  pyramidal  sac  opening  into  the  cloaca,  and  its  upwardly-prolonged  canals 
referred  to,  are  nothing  more  than  the  "  water -vascular  system  "  of  the  Me- 
licerta,  and  that  more  (Jr  fewer  of  the  observed  vibratile  bodies  are,  in  fact, 
the  ciliated  tremulous  tags.  Had  the  pyramidal  sac  represented  a  testicle, 
spermatozoa  ought  to  have  been  seen  within  it ;  for  these  particles  are  readily 
cognizable  by  their  size,  figure,  and  movements. 

Prof.  Huxley  having  failed  to  find  a  male  among  some  scores  of  female 
Ladnularice,  or  a  single  ordinary  spermatozoon,  is  disposed  to  recognize  the 
male  sexual  element  in  some  singular  bodies  met  with  in  many  individuals  he 
examined.  These  bodies  "  answered  precisely  to  KoUiker's  description  of 
the  spermatozoa  "  of  Megalotrocha.  They  had  a  pyi-amidal  head  about  ytjVo^^ 
of  an  inch  in  diameter,  by  which  they  were  attached  to  the  parietes  of  the 
body,  and  an  appendage  four  times  as  long,  which  underwent  the  most  ex- 
traordinary contortions, — resembling,  however,  a  vibrating  membrane  much 
more  than  the  tail  of  a  spermatozoon,  as  the  undulating  motion  appeared  to 
take  place  on  only  one  side  of  the  appendage,  which  was  zigzagged,  while  the 
other  remained  smooth.  "According  to  KoUiker,  again,  these  bodies  are 
found  only  in  those  animals  which  possess  ova  undergoing  the  process  of 
yelk-division,  while  I  found  them  as  frequently  in  those  young  forms  which 
had  not  yet  developed  ova,  but  only  possessed  an  ovary. 

"  Are  these  bodies  spermatozoa  ?  Against  this  view  we  have  the  unques- 
tionable separation  of  the  sexes  in  Notommata,  and  the  very  great  difference 
between  them  and  the  spermatozoa  of  Notommata.  Neither  the  mode  of  de- 
velopment, nor  the  changes  undergone  by  the  ovum,  afford  any  certain  test 
that  it  requires  or  has  suffered  fecundation,  inasmuch  as  the  process  closely 
resembles  the  original  development  of  the  J.pMZes.  _ 

"  In  the  view  that  KoUiker's  bodies  are  true  spermatozoa,  it  might  be  said, 
1  That  the  sexes  are  united  in  most  Distomata,  for  instance,  and  separated 
in  species  closely  allied  (e.  g.  D.  OTcenii).  2.  That  the  differences  between 
these  bodies  and  the  spermatozoa  of  Notommata,  is  not  greater  than  the  di±- 
ference  between  those  of  Tritons  and  those  of  Bana.  3.  That  their  develop- 
ment from  nucleated  cells  within  the  body  of  Megalotrocha  (accordj^g  to 
KoUiker)  is  strong  evidence  as  to  their  havmg  some  function  to  perform ; 
and  it  is  difficult  to  imagine  what  that  can  be  if  it  be  not  that  of  spermatozoa. 
However,  it  seems  to  me  impossible  to  come  to  any  definite  conclusion  upon 

the  subiect  at  present."  i  •     -u  i 

In  Melicerta,  Prof.  Huxley  notes  having  met  with  «  an  oval  sac  lying  below 
the  ovary,  and  containing  a  number  of  strongly-refracting  particles,  closely 
resembuig  in  size  and  form  the  heads  of  the  spermatozoa  of  LacmuUna 

These  views  of  Mi\  Huxley  are  of  no  value  in  deciding  the  question  ;  they 
rest  on  a  supposed  similarity  between  the  bodies  discovered  and  those  which 
KolUker  beheved  to  be  spermatozoa  in  Megalatrocha—Wi  opinion  not  incon- 
trovertible. On  the  other  hand,  their  spermatozoid  nature  is  discountenanced 
by  their  simUarity  (which,  indeed,  Huxley  remai'ks)  to  undoubted  sperma- 

fozoa  of  Rotifera.  „  ..^  .,     .    .      •     -u  i. 

In  a  new  species  of  Melicerta  discovered  by  Prof.  BaUey  ui  America,  that 
nocurate  observer  found  that  pressure  between  two  plates  of  glass  hberated 
vast  numbers  of  spermatozoa;  but  he  was  unable  to  ascertain  from  what 
IrSn  in  the  animal  they  were  set  fi-ee.  The  observa.tion  however  is  im- 
Sant  as  indicating  the  existence  of  true  male  organs  m  Mehcerta  of  a  veiy 
Afferent  character  from  those  suggested  by  various  observers  as  having  pos- 

RCS^'Sfes^^^^^^^^^^^  -ale  elements,  Leydig  has  the  foUowing 
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remarks,  premising  that  the  detection  of  spennatic  particles  in  one  species 
furnishes  a  criterion  in  pronouncing  upon  the  signification  of  some  other 
bodies  : — "  I  have  heretofore  mentioned  my  idea  that  the  hairy  corpuscles  of 
Lacinulana  (occupjdng  the  general  cavity  of  the  body,  and  impelled  hither 
and  thither  by  its  movements)  ai"o  seminal  particles :  although  this  is  still 
questionable,  yet  these  presumed  pai-asites  of  Lacinularia  must,  I  believe,  be 
still  rather  looked  upon  as  imequivocal  spermatozoids.  The  form  and  struc- 
ture, moreover,  of  the  bodies  figui'ed  by  Huxley,  and  doubtfully  called  by 
him  spermatozoa,  have  an  evident  affinity  with  the  seminal  elements  of  JSfo- 
tommata  Sieholdii.  It  also  seems  to  me  probable  that  the  spermatozoids 
portrayed  by  Kolliker  in  Megalotrocha  are  really  such,  and  that  the  animals 
in  which  they  are  found  should  be  esteemed  as  previously  impregnated 
females.  I  moreover  consider  that  the  illustrations  furnished  by  Ehrenberg 
of  ConocMlvs  volvox,  show  an  individual  with  two  spermatozoa ;  and  the 
account  referring  to  it,  in  which  he  says  '  I  lately  saw  oscillating,  very  pe- 
culiar, giU-Hke  organs,  in  the  form  of  two  spirally-twisted  bands,  at  the  pos- 
terior extremity  of  the  body,'  also  speaks  in  favour  of  this  signification.  The 
entire  delineation  of  these  '  spiral  ^s  '  might  replace  very  well  that  of  the 
peculiar  seminal  elements  with  undulating  membranes." 

Afterwards,  when  speaking  of  the  parasites  of  Eotatoria,  Leydig  observes 
that  having  formerly  erroneously  described  the  seminal  corpuscles  of  Lacinu- 
laria as  parasites,  he  must  now,  on  the  other  hand,  class  the  once-presumed 
spermatic  particles  with  parasitic  organisms. 

In  the  course  of  subsequent  researches  on  Hydatina  senta  (MliUer's  Archiv, 
1857,  p.  104),  Leydig  has  discovered  the  same  sort  of  structures  in  that  ani- 
mal. He  writes — "  They  are  globular  bodies  with  sharp  outlines  ;  and  their 
margin  looks  as  if  clothed  with  fine  hairs.  Towards  the  end  of  March,  the 
entire  abdominal  cavity  was  in  many  specimens  so  filled  with  them  that  the 
animals  presented  a  white  appearance  by  reflected  light ;  yet  the  animals  so 
affected  swarm  about  just  as  briskly  as  the  others."  This  repletion  with  such 
particles  appears  to  us  to  intimate  that  they  cannot  be  spermatozoa,  either 
generated  within  the  beings  themselves  or  received  fi'om  without  from  male 
animals.  Indeed  theii-  occurrence  within  the  abdomen  of  Hydatina  senta 
IS  of  itself  an  argument  against  their  being  spermatozoa  derived  from  a  male 
gland  within,  inasmuch  as  this  species  is  proved  to  be  impregnated  by  its 
own  male  partner,  formerly  known  as  the  Enteroplea  Hydatina.  The  ques- 
tion presents  itself,  whether  they  can  be  derivable  from  the  food  as  products 
of  digestion  or  chyle-globules.  ' 

The  search  for  male  Rotatoria  has  led  the  occasional  connexion  of  two  in- 
dividuals to  be  noticed,  and  to  be  explained  as  of  a  sexual  character  Pertv 
noticed  two  individuals  of  Colurm  uncinatus,  and  two  of  Lepadella  ovalis,  in 
union.  But  such  connexions  may  rather  be  considered  accidental  •  for  Perty  re- 
marked ^Colurus  so  attached  to  Lepadella,  and  a  Ghmtonotiis  Larus  to  Lepadella 
ovahs  Cohn  has  had  his  attention  directed  to  the  same  circumstance,  and 
remarks  that  two  Rotatoria  of  the  same  or  even  of  a  different  species  are 
very  often  to  be  seen  attached  together,  sometimes  by  the  back,  at  otiiers  by 
the  abdomen  at  others  by  the  pseudopodium,  and  to  swim  about  together  for 
a  length  of  time.  This  he  has  seen  in  Diglena,  Coluru,,  and  Lepadella  ;  it 
has^  however,  no  connexion  with  the  reproductive  function 

Of  the  Duration  and  Conditions  of  Life  of  the  Rotatoria,  and  of  their 
Habitats  and  DisTRinxTTiON.-It  is  next  to  impossible  to  detoiiiine,  bydii-ect 
observation  the  duration  of  life  among  the  Rotatoria  when  placed  under 
natural  and  favourable  conditions.  Many  may  well  be  supposed  to  survive 
from  their  birtli  m  the  spring  until  the  winter,  and  not  a  few  even  through 
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this  season  until  some  future  period,  since  observations  prove  their  power  of 
assuming  a  torpid  condition  when  existing  circumstances  are  unfavoui-able 
to  the  full  exorcise  of  life.  It  has  been  noticed  by  Ehrenberg,  of  some  llota- 
toria  living,  so  to  speak,  in  confinement,  or  in  a  limited  quantity  of  water 
under  examination,  that  when  the  weather  was  warm  and  nourishment 
abundant,  life  was  prolonged  to  18  or  20  days  and  more ;  and  Mr.  Gosse  also 
speaks  of  a  Melicerta  which  lived  in  confinement  for  14  days. 

The  conditions  of  life,  or  the  causes  affecting  the  vitality  of  Eotifera 
favourably  or  unfavourably,  are  in  some  respects  very  remarkable,  as  an  ap- 
peal to  their  habitats  alone  would  abundantly  illustrate. 

It  is  during  the  height  of  summer  that  the  Eotifera  are  multiplied  most 
abundantly ;  but  when  the  cold  frosty  nights  of  autumn  supei-vene,  their 
numbers  undergo  a  rapid  reduction.  However,  often  during  the  most  beauti- 
M  parts  of  the  year,  as  Perty  remarks,  a  sudden  decrease  wiU  occur. 

"  Two  kinds  of  disease,"  writes  Ehrenberg,  "  destroy  the  Hydatina  and 
most  of  the  Kotatoria :  1,  the  formation  of  vesicles,  which  give  nse  to  the 
appearance  of  small  rings  all  over  the  creature ;  and,  2,  the  formation  ot 
granules  which  so  penetrate  the  internal  organs  that  these  seem  composed  ot 
them,  and  have  a  shagreen  appearance."  The  fii'st  condition  has  been  noted 
by  Weisse,  who  regards  the  apparent  vesicles  as  parasitic  orgamsms. 

The  Rotatoria  also  suffer  from  the  overgTowth  upon  their  surface  of  Aigse 
and  of  parasitic  animals.  Protozoa  and  the  Hke,  and  are  at  length  destroyed 
thereby.  Foul  or  decomposing  water  is  racompatible  with  their  existence  as 
are  some  chemical  mixtures,  whilst  to  others  they  seem  indifferent.  Thus 
Hydatin<B  have  been  fed  with  rhubarb  and  indigo  in  powder  without  sensible 
effect  and  neither  calomel  nor  corrosive  subhmate  kills  them ;  at  least,  they 
live  for  some  time  after  these  substances  have  been  mixed  with  the  water. 

Strychnia  causes  instant  death.  ,    ^   .   .        ,     •  -u  vv^j  "Rnfifpi-j, 

The  deprival  or  the  want  of  renewal  of  aii'  in  water  iijabited  by  EoMera 
causes  their  destruction,  for  example,  when  collected  m  abottle  for  examinakon 
reork  being  aHowed  to  remain  too  long.  In  hke  manner  the  exckisxon  of  ^ 
by  a  pellicle  of  oH  on  the  surface  of  the  water,  or  the  withdrawal  of  air  by 
means  of  an  aii-  pump,  speedHy  destroys  the  Eotatorial  inhabitants.  Ehren- 
berg aCs  that^hey  exist  mich  longer  in  an  atmosphere  of  -genth^  m 
one  of  carbonic  acid  or  of  hydi-ogen,  and  that  the  vapoui-  of  sulphur  speedily 
rrn+a  an  end  to  their  existence.  .  .    ,  , 

StXa  very  imperfect  renewal  of  air  seems,  at  least  in  some  instances,  to 
su^te-al  Str  case  of  the  BoUfer  vulr,a.is_  and  B.  para^ta,  which  have 
bCn  seen  within  the  spheres  of  Volvox  and  m  the  cells  of  aquafaj  plants 
Vauleria  clavata.)    Perty  Hkewise  mentions  the  Notomnmta  Werncckn 
it^^Skig  oJspitosa  ;  and  AlUrtia  venra.ular^s  is  parasitic 

^t^  the  iStestine  of  earth-worms  and  slugs.  In  all  these  -stances  hfe  i 
compatible  with  a  very  slight  renewal  of  atmospheric  air,  or,  m  fact  is  sup 
ported  amid  the  gases  generated  within  these  organic  bemgs  and  mixed  with 

^'^The'S'aporation  of  the  water  from  around  Eotifera  as  when  mider  exami- 
nation by  the  microscope,  is  a  frequent  cause  of  theu-  dcstiuction  by  the 
W5ng  up  of  their  soft  parts.    But  there  is  a  happy  provision  against  «udi 

S'tie  iniiriou^  influences,  and  the  evaporation  of  water  from  the  contained 
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Indeed  the  Rotatoria,  in  part  at  least,  have  a  remarkable  power  of  preserv- 
ing theii-  vitality,  not  only  when  left  diy  by  ordinary  evaporation,  but  also 
when  thoroughly  desiccated  by  the  assistance  of  heat.  Leuwenhoek  and 
Spallanzani  experimented  on  them,  and  announced  the  fact  of  their  revivifi- 
cation on  the  addition  of  moisture,  months  and  even  years  after  their  com- 
plete desiccation.  Schrank,  Boiy  St.  Yincent,  and  Ekrenberg  questioned  the 
truth  of  this  statement,  at  least  in  its  fuU  acceptation  ;  and  the  writer  last- 
named  affirmed  "  that  wherever  these  creatnres  are  completely  desiccated, 
life  can  never  again  be  restored.  In  this  respect  the  Eotifera  exactly 
correspond  with  animals  of  a  larger  kind :  like  them,  for  a  time  they  may 
continue  in  a  lethai-gic  and  motionless  condition;  but,  as  is  well  known, 
there  will  be  going  on  within  them  a  consiunption  or  wasting  away  of  the 
body,  equivalent  to  so  much  nourishment  from  without  as  would  be  needed 
for  the  sustentation  of  life."  Neither  the  last  statement  nor  those  preceding 
it  are  correct ;  MM.  Schultze  and  Doyere  have  repeated  and  confirmed  the 
experiments  of  the  old  observers ;  and  the  latter  authority  concludes  that 
Rotifera  may  be  completely  dried  in  pure  sand  in  the  open  air,  and  in  a 
vacuum,  without  losing  the  capability  of  being  revived  by  moistui'e.  Many 
indeed  are  sacrificed  in  the  process ;  but  enough  recover  to  demonstrate  the 
possibihty  of  the  fact. 

This  extraordinary  power  of  resuscitation  after  drying  explains  the  re- 
appearance of  Eotatoiia  on  the  collection  of  water  in  shallow  pools  which 
have  been  entirely  di-ied  up  by  the  hot  sun  of  summer,  and  their  con- 
stant presence  in  the  dry  debris  of  the  roofs,  and  even  of  the  interiors  of 
houses. 

In  their  relation  to  temperature,  also,  the  Rotatoria  exhibit  great  tolerance. 
M.  Doyere  proved  that  when  placed  in  water  at  fi'om  113°  to  118°,  they 
could  afterwards  be  revived,  but  that  when  thrown  suddenly  into  bnib'ng 
water  (at  212°)  they  were  at  once  kiUed.  In  the  latter  case,  the  sudden 
heating  is  supposed  to  coagulate  the  albuminoid  contents  of  the  animals,  and 
in  that  way  to  cause  death,  because  individuals  previously  dried  by  a  gradually 
raised  heat  of  216°,  252°,  and  even  of  261°,  were  many  of  them  stiU  capable 
of  being  revived. 

On  the  other  hand.  Rotatoria  can  live  in  water  at  the  freezing-point.  They 
are  to  be  found  under  ice,  and  also  within  the  hollow  cavities  of  ice ;  and 
Perty  mentions  a  score  of  species  which  he  met  with  in  such  localities.  He 
also  recounts  meeting  with  individuals  contracted  in  a  more  or  less  globular 
figure,  preparatory,  as  he  surmises,  to  a  winter  sleep  or  torpor.  He  figm-es 
a  Philodina  erythrophthalma  (XXXVIII.  4)  in  this  condition,  which  is  pre- 
cisely the  same_  as  that  assumed  when  the  animal  is  left  dry  ;  and  he  adds 
that  when  ScaricUum  longicaudum  assumes  this  state,  it  with'di-aws  its  head 
within  its  envelope  and  doubles  its  tail  under  the  abdomen,  just  in  the  same 
way  as  a  Podura.  Ehi-enberg  doubtless  refers  to  this  same  contracted  con- 
dition m  the  account  before  quoted  from  him  (p.  449-50)  respecting  the 
Rotifera  found  at  great  altitudes  among  snow,  which  he  described  as  having 
an  ovate  figure  and  enclosed  in  an  egg-shaped  envelope. 

C'onochilus  and  Lacimdaria  are  examples  of  Rotifera  living  in  aggregated 
—iB     The  former  recalls,  by  its  compound  revohing  spheres,  the  appear- 
,.,     oi/o'yo^'  Globator,  whilst  the  latter  occurs  in  small  transparent  jelly- 
like balls  adherent  to  the  leaves  of  aquatic  plants. 

At  times  the  Rotatoria  multiply  so  rapidly  in  small  stagnant  pools  as  to 
colour  the  water  Hydatina  senta,  Diglena  cateWma,  Triarthra,  and  Lepa- 
della  are  adduced  by  Ehrenberg  as  producing  a  milky  turbidity  in  water,  and 
the  lypfiUna  viridis  as  imparting  a  green  colour. 
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The  Synchceta  Baltica  has  been  presumed  to  be  phosphorescent;  and 
Amircea  biremis  was  discovered  in  phosphorescent  sea-water. 

The  Eotatoria  are  distributed  everywhere  over  the  surface  of  the  earth,  in- 
habiting its  waters,  both  fresh  and  salt.    Of  the  Imown  species,  by  far  the 
greater  number  are  dwellers  in  fresh  water,  abounding  in  pools,  ditches,  and 
gently-flowing  streams,  especially  where  aquatic  plants  grow  in  sufficient 
quantity  to  afford  shelter  and  indirectly  supply  food  by  the  hosts  of  animal- 
cules which  congregate  on  and  about  them.    A  too  much  overgrown  or  shaded 
piece  of  water  is  less  favourable ;  for  they  require  a  complete  intermixture 
of  air  with  the  water,  and  the  vivifying  influence  of  the  sun,  for  their  healthy 
existence.    Some  species  especially  delight  in  the  little  turfy  pools  on  moors 
or  in  boggy  ground;  others  have  been  especially  found  in  green-coloured 
ponds— the  colour  being  due  to  Protozoa  and  minute  Algae,  which  furnish 
them  with  suitable  food,  ■   ■  c  ■ 

Some  of  the  early  observers  sought  these  animalcules  especially  in  infusions, 
very  generally  made  with  sage-leaves  and  chopped  hay ;  but  the  Eotifera  are 
comparatively  rare  in  infusions  :  a  few  common  species  only  appear ;  and  unless 
the  infusion  be  comparatively  fi-esh,  none  will  be  found ;  for  they  occur  in  no 
fluid  in  which  decomposition  is  going  forward.  When  they  do  exist  in  these 
infusions,  they  appear  at  a  later  period  than  do  the  Monadina  and  less  Hghly 
organized  infusorial  forms.  .  . 

The  Imown  salt-water  species  are  comparatively  few;  this  is  very  possibly 
owing  to  their  being  much  less  sought  after  than  the  freshwater  animals. 
The  principal  marine  forms  recognized  are  Brachionus  Mullen,  B.  Jiejotatomvs, 
and  Symhceta  Baltica.  Distemma  marina  and  Farcularia  marina,  Oolw-us 
uncinatiis,  0.  caudatus,  and  Anurcea  striata  are  encountered  in  both  fresh  and 
salt  water :  several  are  found  iu  bracldsh  water.        _  .t. 

Immersion  in  water  is,  however,  not  necessaiy  to  then-  existence :  thus  they 
are  to  be  found  in  the  damp  earthy  deposit  from  rain-water  spouts,  and  m  the 
detritus  of  the  waUs  and  roofs  of  houses ;  in  the  moist  humus  or  decaying 
vegetable  matter  about  trees,  and  especiaUy  upon  the  moist  roots  and  leaves 
of  mosses  and  Uchens— for  example,  among  the  tufts  of  ^rywm  and  of  Hyp- 
num,  from  which  they  may  be  separated  by  washing  with  a  httle  water^ 

We  have  mentioned  the  peculiar  habitat  of  Alhertia,  withm  the  mtestme  of 
the  earth-worm,  of  which  animal  it  may  be  accounted  an  entozoon;  the 
Notommata  Parasitus  also  leads  a  parasitic  existence  within  the  hoUow  spheres 
of  Volvocc  Glohator;  and  M.  Morren,  many  years  since  gave  the  toUowmg 
interesting  history  of  the  habitat  of  Rotifer  vulgaris  in  the  cells  of  Vaw^lieria 

'^'^L^fab^uf  k^R^pef  sh^  that  the  ceUs  of  Sphagnum  are  sometimes 
furnished  with  openings,  which  place  their  interior  cavity  m  commumcation 
S  the  air  or  water'i;  which  they  are  immersed     This  skdful  observer 
satisfied  himself  that,  when  circumstances  are  favourable,  i\i^Botifer  vul<iaris 
one  of  the  Infusoria  'whose  organization  has  been  explamed  by  the  reseax-^^^^^ 
of  Ehrenberg,  exists  in  the  ceUs  of  the  Sphagnum  ohtusifohum.    ihis  grew 
S  the  air,  in  the  middle  of  a  tm-f-pit :  but  Eoeper  obsei-ved  '^'}''^''^'ZZT'.l 
he  does  not  mention  whether  the  infusorial  ammd  came  from  thence,  o 
whether  S:  was  previously  contained  in  the  cavities  of  the  ceUs.  _  The  general 
™rt  of  The  paper  seeLs  to  imply  that  these  Rotifers  exist  m  the  eeUs  of 
Spart  of  the  plant  which  was  exposed  to  the  air ;  and  m  this  case,  the 
Se  ente  of  an  animal  so  compUcated,  living  as  a  parasite  in  the  cells  of  a 
uSar  aerial  tissue,  is  a  pheciiomenon  of  the  most  cunous  kind  m  the  phj  - 
•  inli  nf  nlnnts  and  the  more  so  as  this  animal  is  an  aquatic  one. 
"tfr:eoUected  Sat,  the  last  year  of  my  residence  in  Flanders,  I  found  at 
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Everghem,  near  Ghent,  the  Vaucheria  clavata,  in  which  I  observed  something 
simikir.  M.  Unger  had  akeady  published  the  following  details  respecting 
this  plant  in  1828 :  '  Beneath  tlie  emptied  tubercles  and  at  several  points  of 
the  principal  stalk,  at  different  angles,  rather  narrower  branches  are  produced ; 
these  branches  are  generally  very  long,  and  greatly  exceed  the  piincipal  staDt 
in  length.  At  the  end  of  ten  or  twelve  days  after  their  development,  there 
are  seen,  towards  one  or  other  of  their  extremities,  her^  and  there,  at  different 
distances  from  the  summit,  protuberances  of  a  clavate  form,  more  or  less 
regular,  straight  or  slightly  bent  back ;  and  others  on  the  sides  of  the  stalk, 
which  have  the  form  of  a  capsule  or  vesicle.  These  vesicles  are  at  first  of  a 
uniform  bright-gxeen  colour ;  and  without  increase  of  size,  which  exceeds 
several  times  that  of  the  branches,  they  always  become  of  a  blackish-green 
colom-,  darker  towards  the  base  ;  and  then  one  or  two  globules  of  a  reddish- 
brown  may  be  clearly  distinguished  there,  often  surrounded  by  smaller  gra- 
nules, evidently  destitute  of  motion,  whilst  the  great  ones  move  spontaneously 
and  slowly  here  and  there  in  the  interior  of  the  capsule,  by  unequal  contrac- 
tions and  dilatations,  whence  arise  remarkable  changes  of  form.  I  saw  these 
globules,  at  the  end  of  eight  or  ten  days  after  their  appearance,  stiU  enclosed 
in  the  capsule,  moving  more  and  more  slowly,  receiving  no  very  decided  in- 
crease, whilst  the  base  of  the  capsule  became  more  transparent ;  at  last  I 
observed  that,  instead  of  their  expulsion,  which  I  was  watching  for,  the 
extremity  of  the  capsule  at  the  end  of  some  days  took  an  angular  form,  and 
subsequently  gave  bii'th  to  two  expansions  in  the  form  of  horns  ;  it  remained 
in  this  state  and  became  more  and  more  pale,  whilst  the  animalcule  became 
darker  and  died ;  and  afterwards  it  ended  by  perishing  at  the  same  time  as 
the  other  parts  of  the  Confei-va.' 

"Subsequent  researches  have  not  succeeded  in  informing  us  what  this 
ajiimal  might  be,  of  which  Unger  spoke.  As  this  author  drew  so  much  atten- 
tion to  the  spontaneous  movements  of  the  propagula  of  the  Vaucherice,  and 
as  he  admitted  the  passage  from  vegetable  Life— characterized,  according  to 
him,  by  immobility — to  animal  life,  the  principal  criterion  of  which  was 
motion,  his  animalcule  was  confounded  with  the  propagula ;  and  no  one,  so 
far  as  I  know,  has  returned  to  this  very  interesting  subject. 

"  When,  therefore,  I  found  the  Vaiocheria  clavata  at  Everghem,  I  was  as 
much  surprised  as  pleased  to  see  the  mobile  body  noticed  by  Unger  better 
than  he  did.  With  the  aid  of  a  higher  magnifying  power,  I  found  it  easy  to 
ascertain  the  true  natui-e  of  the  animal ;  for  it  was  not  a  propagulum,  but 
a  real  ammal,  the  Eotifer  vulgaris,  with  its  cilia  imitating  the  wheel  its 
tail,  &c.  ' 

"  The  first  protuberances  or  vesicles  which  I  saw  containing  this  animal 
enclosed  but  one  of  them  ;  afterwards  they  laid  eggs  and  multipHed  ;  but  it 
seems  that  then  they  descend  the  tubes  of  the  Vaiwhena  and  lodge  themselves 
m  new  protuberances,  whose  development  they  may  possibly  stimulate,  as  the 
galls  and  oak-apples,  or  organic  transformations  attributable  to  the  influence 
01  parasitic  bemgs. 

,.17^^  ^f-^'''  r>«*'^'^*^''^T°^'  1""*^  ^«  in  tliese  protuberances  ;  he 
traverses  the  partitions,  displaces  the  chi-omule  and  pushes  it  to  the  two  cx- 

?r.^'.1     *^Vr'^''  ^PP^^^«  "i^^k^r  at  these  pai-ts.    One  day 

1.7^  ^  protuberance  gently:  I  waited  to  see  the  Botifer  saving  out  and 
enjoy  the  liberty  so  dear  to  aU  creatures,  even  to  infusorial  animals  ;  but  no 
-he  preferred  to  bury  himself  in  hLs  prison,  dcsconcUng  into  the  tubes  of  the 
plant,  and  to  nestle  himself  in  the  middle  of  a  mass  of  green  matter,  rather 
than  swim  about  freely  m  the  neighbom-hood  of  his  dwelling- 

aome  ot  these  protuberances  had  greenish  threads  appended  to  their  free 

2  H  2 


468 


GENERAL  HISTOET  OF  THE  INrtTSORIA. 


end,  and  others  had  none :  I  thought  at  first  that  these  threads  were  some 
mucus  from  within,  escaped  through  some  opening  which  might  have  served 
the  Eotifer  as  an  entrance  ;  but  an  attentive  and  lengthened  observation  con- 
vinced me  that  in  this  there  was  no  solution  of  continuity,  and  that  the  arrival 
of  the  Rotifers  in  the  VaucJierice  was  not  at  aU  to  be  explained  in  this  way. 
How  are  these  parasitic  animalcules  generated  vnthin  them  ?  Tliis  is  what 
further  research  has  some  day  to  show.  Meanwhile  I  have  thought  that  it 
should  be  made  known  that  the  animalcule  found  in  the  Vaucherice  by  linger 
was  the  Eotifer  vulgaris  of  zoologists." 

Several  of  the  Philodincea,  and  particularly  the  OalUdince,  have  been  met 
with  in  snow,  along  with  the  so-caUed  red  snow,  in  very  cold  regions,  and 
at  considerable  elevations,  such  as  above  the  perpetual  snow-line  of  the 
Alps  Perty  informs  us  that  mosses  and  Hchens  collected  in  the  Swiss 
mountains,  at  a  height  of  9000  feet,  have  yielded,  on  washing  with  distilled 
water,  numerous  Infusoria,  including  several  Eotatoria,  viz.  Callidma  eJe- 
gam,' Eotifer  vulgaris,  Philodina  roseola,  Diglena  catellina,  and  Eatulus 

We  have  no  data  whereon  to  construct  laws  of  geographical  distribution 
for  the  Eotatoria.  Observation  has  proved  no  definite  regional  hmitation  ot 
species  •  wherever  searched  for,  the  same  species  seem  discoverable. 

Owii^g  to  the  perishable  nature  of  their  tissues,  the  Eotifera  do  not  occur 
in  a  fossH  state  ;  they  are,  moreover,  rare  components  of  the  showers  ot  in- 

^0™THE^ Affinities  and  Classification  of  the  Eotatoeia.— That  the 
Eotatoria,  by  their  high  degree  of  organization  should  be  elevated  m  the 
animal  scale  far  above  Protozoa,  is  now  universaUy  admitted.  Indeed  they 
cannot  be  rightly  comprehended  among  Infusoria  if  this  teiTn  be  accepted  to 
ideate  a  definite  class  of  beings ;  for  although  there  are  shght  general  re- 
semblances between  some  Eotatoria  and  Protozoa,  no  true  near  affinities  ot 
structiu-e  exist  between  them.  „ 

While  naturalists  generaUy  are  in  accord  on  this  necessary  separation  ot 
Eotatoria  from  Protozoa,  they  are  much  at  vanance  ^'^f  .^^^ 
nosition  of  the  Eotatoria  in  a  classification  of  the  Invertebrata,  or,  in  other 
woXconceming  the  true  aflanities  of  the  class.  Thus  Emmeister,  Owen, 
wSg,  Dana,  and  Gosse  would  range  them  among  Crustacea  ^  -  V^'^^^^' 
order  whUst  Wiegmann,  Milne-Edwards,  Wagner,  Siebold,  Cohn,  Peity, 
WiSamL,  Huxley,  and  others  would  class  them  with  Vermes-a  section 
pnmnrehendinff  Helminthse,  TurbeUaria,  and  Annehda. 

'  7e  shX&st  state  the' arguments  used  to  demonstrate  the  Crustacean 
alliance,  wHch  are  most  fully  and  powerfully  brought  foi-ward  by  Leydig  . 

*%he  external  figure  is  rather  that  of  Crustacea  than  that  of  Vermes. 
None  of  the  iSter  have  a  jointed  organ  of  motion  such  as  -^^.tj^^era 
Ts^ess  in  their  annulated  or  jointed  pseudopodium  devoid  of  aU  viscera. 

The  shtld-lil.e  hardened  integument  or  lorica  of  some  «P^f-^' ^J-^^^^ 
Euchlanis  and  Salpina,  has  its  analogue  among  the  Crustacea,  wlnlst  m  none 
t>ift  Vermes  is  a  similar  indurated  cuticle  to  be  toimcl. 
JrvemeTare  destitute  of  striated  muscles;  but  Eotifera  equally  ^i  h 
Pr^sW  possess  them.    The  movements  of  many  species  recall  in  a  stiikmg 
rirSose  of  Crustaceans.    The  nei-vous  system  suppUes  ftu-ther  evidence ; 
r^Uhourthe  Eotatoria  have  no  pharyngeal  ganglionic  ring  and  no  chain 
f  w  Sal  tanglia  proceeding  from  it,  yet  a  similar  deficiency  prevails  h 
of  abdominal  S^^^^^       nn  Jinia:  recognized  Crustaceans,  which  have  only 
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canuot  be  adduced  as  a  law,  that  the  highly  developed  nervous  system  of  the 
higher  forms  is  an  essential  character  of  the  Crustacea. 

"  The  mode  of  termination  of  the  sensitive  nerves  is  that  seen  in  Crustacea 
imd  Insecta ;  but  the  like  is  not  known  among  Vermes.  Ehrenberg  pointed 
out  the  similarity  of  the  eye-specks  to  those  of  Crustacea.  The  several  seg- 
ments and  texture  of  the  alimentary  canal  afford  no  decisive  evidence,  since 
mimy  Vermes  have  homy  jaws,  as  have  the  Eotifera.  The  masticatory 
apparatus  of  the  young  Daphnice  presents  a  pretty  close  resemblance  with 
that  of  Rotatoria — the  two  opposed  jaws  expanding  into  a  plate  toothed  with 
numerous  transverse  ridges,  like  those  of  Ladnularia.  The  stomach-glands 
probably  have  their  analogues  in  the  lobed  glandular  appendages — the  so- 
called  '  salivary  glands '  of  Cirripedia. 

"  Similai'  organs,  however,  exist  in  many  dorsibranchiate  Vermes ;  and  like- 
vnsQ  in  many  Vermes  and  lower  Cmstacea  the  Kver  is  represented  by  large 
cells  with  peculiar  contents,  situated  in  the  walls  of  the  stomach  and  intes- 
tine. The  absence  of  an  intestine  in  a  few  Eotifera  may  appear  opposed  to 
their  Arthropodous  type ;  yet  in  the  ISTeiu-opterous  larva  of  Myrmeleo  the 
faeces  are  discharged  by  the  mouth,  and  the  rectum  itself  is  transformed  into 
a  spinning  organ.  Moreover,  the  intestinal  canal  of  many  Eotifera,  e.  g. 
Euchlanis  and  Stephanoceros,  recalls,  in  its  peculiar  bell-hke  movement,  the 
exactly  similar  character  of  the  intestine  of  certain  paxasitic  Crustacea 
{Achtheres,  Tracheliastes,  &c.). 

"  The  substance  regarded  as  urinary  concretions  is  evidently  closely  re- 
lated to  that  formed  in  the  larva  of  Cyclops ;  but  no  such  point  of  resemblance 
is  found  among  Vermes. 

"  Lastly,  the  anatomical  and  physiological  phenomena  of  sexual  life  greatly 
favour  the  Crustacean  relationship.  Several  minor  particulars  may  be  alluded 
to — such  as  the  production  of  two  kinds  of  ova  (indeed  the  winter  ova  of 
Ti-iarthra  have  a  great  likeness  in  the  construction  of  the  shell  with  the 
ephippial  ova  of  DapJinia),  the  fact  that  many  species  carry  their  eggs  about 
with  them  (although  it  is  true  the  same  is  seen  among  Vermes,  for  instance 
Clepsine),  and  the  occurrence  of  coloured  oil- corpuscles  in  the  yelk  of  not  a 
few  Eotatoria— all  indicating  a  Crustacean  type.  The  striking  analogy  be- 
tween the  male  (in  some  sense  aborted)  Eotatoria  and  the  males  of  many 
Crustacea  is  one  of  far  higher  import.  It  is  only  necessary  to  call  to  mind  the 
diminutive  parasitic  males  Nordmann  discovered  in  the  females  of  AchtJieres, 
Brachiella,  Chondr acanthus,  and  Anchorella,  and  such  as  Kroyer  found  in 
other  Lernceopoda  and  Lerncece. 

"  Moreover,  the  embrj^onic  histoiy  of  Eotifera  is  in  favour  of  the  alHance, 
—VIZ.  the  imperfect  development  of  the  young  of  several  species,  on  theii- 
emergence  from  tlie  egg,  and  the  necessary  metamorphosis  they  undergo 
before  attammg  the  adult  condition.  Lastly,  the  diminution  or  even  com- 
plete disappearance  of  the  eyes  after  biith  further  indicates  an  analogy  with 
certain  Crustacean  forms. 

fYns^i^'H^^lnt''^"^!!,"'"''^'^""^*^"^'  approximate  the  Eotifers  to  tho 
Jr«Hl  J  ?  t  ^'^^P^tory  apparatus  and  the  presence  of  the 
^ n  f  1^      ^      'i  ™^  '^««i°iilate  the  Eotatoria  to  Vermes ;  yet 

L.mth  nffTF.    ''^^^^^^  V  T^""       "^l^^^^l  ^PP^-«^<^li  t°  Ecliinodermata, 

ZZ  lZu^   ^"Iwi!'  "^'^^^^  *>/'"^«*«  appear  to 

similar  stuictures  with  the  vibrating  organs  (tags  or  gills)." 

IN ow,  argues  Lcydig,  it  seems  but  just  to  allow  the"  sum  of  the  resem- 
sirnTofr^-*      '  '^TP^l^*''  ^'^^'^  t^'-^t  «f  tli*^  differences,  to  determine  the 
otS  a   vX'f^°°  P  ^V^^'      granted,  as  the  sum  of  resemblances  of  the 
Jtotitera  mth  the  Crustaceans  seems  assuredly  greater  than  that  of  their 
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differences  from  them,  their  alliance  with  them  must  be  admitted.  Making 
due  allowance,  therefore,  for  tho  vibratile  cilia  and  the  peculiar  respiratory 
apparatus  of  Eotatoria,  Leydig  would  constitute  thorn  a  special  class  of 
Crustacea,  under  the  name  of  Ciliated  Crustacea. 

The  foregoing  arguments  of  Leydig  for  the  Cnistacean  nature  of  Eotatoria 
have  been  severally  met  and  replied  to  by  C.  Vogt,  in  a  recent  paper  "  On 
the  Systematic  Position  of  the  Eotifera  "  {Zeitschr.  1855,  p.  193).  The  ob- 
jections advanced  are  these  : — 

That  Leydig  assigns  an  undue  importance  to  external  resemblances ;  and 
that,  as  to  movements,  there  is  as  much  similarity  between  those  of  Philodina 
and  a  leech,  as  between  those  of  any  other  of  the  Eotifera  and  the  skipping 
motions  of  Entomostraca.  The  figure  is  no  actual  evidence  of  affinity :  no 
perceptible  likeness  exists  between  fixed  Eotifera,  or  a  sac-like  Mtommata 
and  a  Crustacean,  whilst,  on  the  contrary,  an  undoubted  similarity  prevails 
between  a  Stejphanoceros  and  a  Bryozoon ;  and  between  Notommata  tardigrada 
and  many  of  the  Vermes  the  resemblance  is  more  pronounced  than  that  be- 
tween any  of  the  Eotatoria  and  a  water-flea.  Besides,  there  are  Vermes  of  a 
smooth,  oval,  discoid,  and  expanded  figui-e,  and  others  with  bodies  not  less 
clearly  divided  into  regions  than  the  Eotifera. 

An  annulate  articulation,  Uke  that  of  the  pseudopodiimi  of  Eotifera,  is  also 
a  featiire  seen  among  Annelida ;  and  the  telescopic  joints  and  movement  are 
witnessed  in  Eunice.  It  is  the  possession  of  Hmbs,  each  consisting  of  several 
segments,  wHch  is  characteristic  of  Articulata,  both  in  the  fiiU-grown  and 
in  the  larva  condition,  and  not  an  asymmetrical  process  actually  formmg  but 
a  single  segment.  Fm-ther,  spines  and  hooks,  in  some  degree  moveable  hke 
the  pincer-processes  on  the  pseudopodium  of  Eotatoria,  occur  in  many  Vermes, 
especially  among  the  parasitic  species.  Lastly,  a  pair  of  jointed  locomotave 
organs  is  never  found  among  Eotatoria  at  any  period  of  theu'  existence.^  Ifie 
assertion  that  the  thickening  of  the  integument  as  a  lonca  is  not  seen  m  any 
Vermes  is  correct,  if  the  constitution  of  the  lorica  of  one  piece  be  a  necessary 
featui-e,  although  the  thick  cartilaginous  tube  of  Gordiacece  and  the  firm  in- 
tegument of  many  other  AnneUds  may  be  adduced  as  analogous  conditions. 
But  if  a  lorica  may  be  composed  of  several  pieces,  the  whole  family  of  marine 
AnneHda,  in  wHch  the  skin  is  hardened  into  a  firm  shield,  may  be  cited  as 
homologous.  To  Leydig's  remark  that  he  knows  of  no  Vermes  with  a  lonca, 
the  rejoinder  may  be  made,  that  no  Crustacean  is  found  enveloped  m  a  gela- 
tinous sheath,  like  Notommata  centrura,  whilst,  on  the  contrary,  such  an 
investment  is  common  among  Vermes,  and  especiaUy  exemphfied  m  bijjfioiio- 

striated  muscles  are  not  unknown  in  AnneHda  ;  they  have  been  seen  m 
Salpa;  and  in  some  Eadiata  the  particles  of  muscles  separate  as  so  many 
disks.  Moreover,  such  muscles  occur  in  other  Invertebrata  besides  Ci-ustacea, 
and  they  therefore  furnish  no  real  argument  for  aUying  Eotifera  with  tne 

^^^The  nervous  system  lends  no  support  to  Leydig's  views,  as  he  professes  it 
does.  A  coalesced  cerebral  ganghon  sending  off  nerves  to  depressions  m  the 
cuticle  armed  with  bristles,  finds  no  analogy  among  the  lower  Crustacea,  but 
exhibits,  on  the  other  hand,  an  actual  identity  of  structiu-e  Avith  the  nervous 
svstem  of  the  TurbeUaria.  The  same  resemblance  is  apparent  among  aU  tne 
Cestoidea,  the  Nemertai,  Planarue,  and  Trcmatoda.  Again,  the  like  degree^ 
of  devSment  of  eye-specks,  from  a  simple  heap  of  pigment  to  a  dehni  e 
oLan  with  a  refracting  medium,  is  illustrated  by  all  those  sections  of  the 

aTvTrts,:  Quatrefages  shows  in  his  figures  of 
of  termination  of  the  nerves  described  by  Leydig  m  Eotatona  and  Crustacea 
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is  also  seen  in  Vermes ;  and  in  general  the  organization  of  the  nervous  sy- 
stem is  much  more  in  accordance  with  that  of  Ccstoidea  than  with  that  of 
the  lowest  Cmstacea.  Lcydig  remarks  the  great  similarity  of  the  maxillaiy 
apparatiis  of  young  Daphnioi  with  that  of  some  Eotatoria,  but  forgets  that  a 
similar  stracture  occm-s  in  many  Vermes.  On  the  other  hand,  there  are  no 
Crustacea  which  can,  like  several  Notommatce,  protrude  the  maxillary  organs 
as  prehcnsUe  instruments ;  yet  it  is  a  common  phenomenon  with  many  Vermes. 
Pui-ther,  in  no  Articulata  ai-e  the  anus  and  rectum  wanting,  as  haj^pens  with 
some  Eotatoria  ;  for  although  in  the  larva  of  Myrmeleo,  as  Leydig  states,  the 
rectimi  is  transformed  into  a  spinning  organ,  still  the  viscus  is  present,  though 
modified  for  a  different  fimctional  purpose  :  however,  among  Vermes  such 
an  imperfect  intestinal  canal  is  common  enough.  Prom  the  preceding  con- 
siderations, the  sti'uctm'e  of  the  alimentary  tube  must  be  admitted  to  accord 
rather  with  that  of  Vermes  than  with  that  of  Crustacea. 

The  secreted  solid  matter  in  the  cloaca  of  embryo  Cyclops,  compared  by 
Leydig  to  the  "  urinary  concretions  "  of  Eotifera,  is,  however  (unlike  them), 
produced  originally  of  a  green  colonr,  within  a  sac  on  each  side  of  the  intestine, 
but  subsequently  becomes  yellow,  and  is  discharged  through  the  cloaca.  Such 
sacs  or  cells  have  rather  the  signification  of  a  Uver,  and  are  common  among 
Vennes. 

Leydig  relies  most  on  the  phenomena  of  the  sexual  system  and  the  occur- 
rence of  distinct  male  animals.  But  Polynoe,  Exogone,  and  the  Cystoneidce 
produce  both  summer  and  winter  ova,  and  carry  them  about.  And  with  re- 
ference to  the  existence  of  small  distinct  males,  Erohn  has  proved  it  in  Au- 
tolytus  prolifer,  whilst  among  ISTematoid  worms  generally  a  marked  difference 
obtains  between  the  males  and  females  ;  and  what,  indeed,  can  be  more 
striking  than  the  diSorence  between  Distoma  Ohenii  and  D.  hcematohium  ? 
The  variation  in  fonn  and  structure  between  the  two  sexes  can  therefore 
furnish  no  differential  character,  seeing  that  it  occurs  alike  in  some  Crustacea 
and  in  most  bisexual  Vermes. 

The  occurrence  of  a  metamorphosis,  and  the  shrivelling  or  obliteration  of 
the  eyes,  are  phenomena  common  to  Vermes  and  Crustacea.  The  larval  Ste- 
phanoceros  is  equally  comparable  and  similar  to  the  occasional  type  of  Annelid 
larva,  having  a  frontal  cUiary  wreath  in  advance  of  the  eyes,  or  otherwise  to 
the  larvae  of  Nemertidce,  such  as  Alardus  cavdatiis,  as  to  the  embiyos  of  any 
Crustacea.  Wherefore  all  Leydig's  characters,  even  where  they  indicate 
some  affinity  with  the  Crustacea,  exhibit,  at  least,  an  equally  close  one  with 
Vermes. 

The  presence  of  vibratile  cilia  and  the  peculiar  respiratory  organs  are,  as 
Leydig  admits,  circumstances  approximating  Rotifera  to  AnneHda.  A  tor- 
tuous canal  with  cUiated  tags  occurs  in  none  of  the  Articulata,  and  is  incon- 
sistent with  the  type  of  their  water-breathing  apparatus.  At  best  there  is 
only  a  remote  analogy,  whilst  a  close  similarity,  and  even  an  identity,  is  seen 
between  such  structures  and  those  of  most  Cestoidea. 

The  history  of  development  is  in  favoui-  of  the  Annelid  aUiance,  and  op- 
posed to  Leydig  s  hypothesis ;  for  in  aU  Crustacea  the  embryo  originates 
from  a  primitive  part  superposed  upon  the  yelk,  whilst  in  Rotifera,  in  com- 
mon with  all  Vermes,  such  a  supplementary  part  is  wanting,  and  the  embiyo 
is  generated  from  the  entire  yellc. 

The  appeal  to  metamorphosis  lends  its  support  to  the  present  argument : 
for  no  trace  of  resemblance  is  perceptible  between  the  larvo)  of  such  Crusta- 
ceans as  undergo  transformation,  having  three  paira  of  jointed  legs  or  feet,  and 
the  embryo  stages  of  Rotatoria— for  instance,  of  Stephanoceros,  with  ciliary 
wreath,  posterior  bimch  of  ciUa,  lateral  eyes,  and  vermiform  trunk ;  yet  in 


472 


GENERAL  HISTOET  OF  THE  INFUSORIA. 


aU  these  particulars  it,  on  the  contrary,  assimilates  to  the  larvae  of  Vermes, 
between  which  and  the  adult  state  the  diversity  is  equally  gi-eat. 

The  accompanying  tabular  statement  given  by  Vogt  briefly  presents  the 
chief  points  of  the  discussion. 

SYSTEMATIC  POSITION  OP  THE  ROTATOEIA. 


Characters  inconsistent 
with  Crustacea  but  in 
accordance  with  Vermes. 


1.  Ciliary  motion. 


2.  Vessels  with  cili- 
ated tags. 


Characters  common 
to  Crustacea  and 
Vermes. 


3.  Development  of 
embryos  from  the 
entire  yelk  with- 
out primitive 
part. 

4.  Typical  structure 
of  the  larvce  and 
young,  without 
jointed  locomo 
tive  organs. 

5.  Total  absence  of 
articulated  limbs 
in  pairs  during 
their  entire  exist- 


Annulation  of 
the  bodies 
with  telesco- 
pic segments. 
Structure  of  the 
nervous  sy- 
stem and  or- 
gans of  sense. 
MasUlary  ap- 
paratus. 


Characters  incon- 
sistent with 
Vermes. 


Eormation  of 
eggs  and 
their  carry- 
ing about  by 
parent. 

Dissimilarity 
and  imper- 
fect organiza 
tion    of  the 


Characters  peculiar 
to  Crustacea. 


Characters  not  ex- 
clusive but  common 
to  other  classes. 


Formation  of  a 
lorica. 


Structure  of  the 
muscles. 


Structure  of  in- 
testinal canal. 


Urinary  secre- 
tion (?). 


Pohn's  name  may  now  be  added  to  the  list  of  opponents  to  the  Crustacean 
Cohn  s  ^"^J^^y  J°  /    447)  that  he  denies  the  occurrence  of  any 

^mce  with  Orastacf .  itte  lou^  „°aia„n  of  the  Botifera,  their  respu-atory 

£X  in  "oi^a?  .>o*B  of  the  hody^^d  Z^U^l^^^^ 
and  toes  are       -^"tolod;^?^^^^^^^^  ™« 

make  an  "^^nistakeable  approach  to  Ai  hi^^^^^ 
chain  of  ganglions  on 

structure  and  disposition  of  t:^^^^^^^''?^^'^'^^'','',^^  Rotatoria,  how- 

-^^^°t^?c?^-dT^^^^^  n]S~eSLDujardin  ;  and  they 
ever,  is  iio^/^'',°^f  „  JJ^^gt  the  lowest  Arachnida,  near  the  Pycnogomdce 
Td  r.wl\S;rt°S  fS^slf  A™ch„iaa,       Socti,,,  v.,  O.  T„- 

"'TstJu  higher  afflnity       been  recently  claimed  for  the  Rotatoria  by  Mr. 
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Gosse,  viz.  with  Arthropoda  and  Insects.  He  supports  this  notion  by  an 
appeal  to  the  structure  of  the  maxillary  apparatus  and  to  supposed  analogies 
of  its  several  parts  with  the  mandibles,  jaws,  &c.,  of  insects.  The  "  mastax  " 
(see  chapter  on  Digestive  Apparatus)  he  identifies  with  a  true  mouth ;  the 
"  mallei  "  with  mandibles  ;  the  "  manubria  "  possibly  with  the  cheeks,  into 
which  the  "  mallei  "  are  articulated ;  the  "  rami  "  of  the  "  incus  "  with 
maxillae;  and  the  "fulcrum  "  he  imagines  to  represent  the  "  carclines  "  sol- 
dered together.  While  maintaining  this  connexion  with  Insecta  tkrough 
the  maxillary  organs  in  their  highest  development,  he  suggests  their  affinity 
with  Poljzoa  by  the  same  organs  at  the  opposite  extremity  of  the  scale,  since 
the  oval  muscular  bulbs  in  BowerbanMa  approach  and  recede  in  their  action 
on  food,  and  seem  to  represent  the  quadriglobular  masses  of  Limnias  and 
Rotifer  further  degenerated.  If  this  affinity  be  correctly  indicated,  the  in- 
teresting fact  is  apparent  that  the  Polyzoa  present  the  point  where  the  two 
great  parallel  divisions  Mollusca  and  Articulata  unite  in  their  com-se  towards 
the  true  Polypi  (see  Mr.  Gosse's  valuable  paper  in  the  Philosophical  Trans- 
actiotis,  1855).  In  a  memoir  since  read  before  the  Eoyal  Society  (Phil. 
Trans.  1857)  by  this  same  distinguished  naturalist,  the  Crustacean  alliance 
is  further  insisted  on  upon  the  ground  of  the  sexual  peculiarities  of  the  Ro- 
tatoria. In  this  paper  the  author  remarks  that  we  must  look,  for  a  parallel 
to  the  curious  facts  established  concerning  the  dioecious  character  of  Rotifera 
and  theii-  peculiar  males  (see  p.  455),  to  the  Crustacea.  "  The  economy  of 
the  Hectocotylus  of  certain  Cephalopod  Mollusca,  though  perhaps  even  stiU 
more  abnormal,  is  only  remotely  analogous.  For  is  the  parallelism  very  close 
of  those  Entozoa  in  which  the  males  are  organically  united  to  the  females,  as 
the  genera  Heteroura  and  Syngamus,  described  by  Professor  Owen. 

"  In  the  class  Crastacea,  however,  many  examples  occur  of  a  sexual  differ- 
ence, which  may  instructively  be  compared  with  the  one  before  us.  Thus, 
among  the  Isopoda,  we  find  the  parasitic  genera  Bopyrus,  Phryxus,  and  lone 
m  which  the  males  are  notably  smaUer  than  the  females,  very  diverse  in 
foi-m,  and  m  some  respects  inferior  in  structure.  In  the  Siphonostoma  '  the 
males  are  extremely  smaU,  and  do  not  in  the  least  resemble  the  females ' 
though  those  of  different  genera  bear  a  strong  resemblance  inter  se,  even 
when  the  females  are  very  dissimHar.  So  low  is  their  grade  of  organization, 
that  liurmeister  has  attempted  to  prove  these  minute  creatures  to  be  embiT- 
omc  or  larval  forms.  And,  finaUy,  in  the  Cirripedia,  Mr.  Darwin  has  proved 
the  existence  of  males  in  the  genera  Ibla  and  8calpellum,  which  are  very 
mmute  as  compared  with  their  females,  excessively  abnormal  in  form  and  in 
some  respects  in  an  embryonic  condition,  though  unquestionably  mature,  as 
shown  by  the  spermatozoa.  And,  what  is  still  more  interesting,  the  same 
accurate  zoologLst  obsei-ves-'  After  the  most  careful  dissection  of  Very  manv 
specimens,  .  .    I  can  venture  positively  to  assert  that  there  is  no  vestfge  of  a 

ZcL"  r  a  nTnr^'"'  ^e  describes  the  internal 

structure  as    a  pulpy  mass  with  numerous  oil-globules  '  and  the  snpvm 
vesicle  as  '  a  pear-shaped  bag  at  the  very  bottom  !i  the  sackl^ed  an  m^l" 
r.tT'"  f  ^'^''P^Pf  "^f^'^'r  "  °f  spermatozoa,'^"™^  Xh 

"  tV  Tf^'""  ^°^F  describing  some  of  the  male  Brackiom. 

that  hw^^beon  1    Tr^'      "^""^  fi^^^  adcUtional  reasons,  to  those 

Sn'roJ^hetS^d^^^^^  ^^^^^--^  ^  -'^l<'8--al  po- 

Eltf  S  tta^^f  Srcts^  iJS'"- 'V''^'''  "^'^-^''"^ 
fiiipppssfiil  nn,l  ;r.,/i     ^^^"^^"^s,  aithough  praiseworthy,  is  m  our  opinion  uii- 

tiJii-i,  m  moic  conectly  spcalang  the  homologies,  be  correct,  we 
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do  not  see  that  this  cii-cumstance  is  per  se  adequate  to  estabHsh  an  alliance 
with  the  Insecta,  particularly  when,  in  most  other  respects,  the  differences 
between  the  two  groups  of  beings  are  so  very  considerable,  lleferrmg  only 
to  the  particulars  mentioned  in  Vogt's  critique,  we  may  observe  that  if  the 
aberiations  of  organization  of  Eotatoria  from  the  lowest  Crustacea  render 
theS  aSlce  with  the  latter  more  than  doubtful,  stiU  less  possible  is  their 
comexion  with  the  Hghest  Articulata,  in  which  every  differential  character 

'"TTe'argrentTaS'm^^  of  Yogt  hi  favour  of  the  close  affinity 

of  Eotatoria  with  Vermes  will  to  most  minds  appear  convincmg;  but  should 
demand  forther  evidence,  it  is  supplied  by  the  opmions  of  the  majority 
of  nat^ahsts  and  by  the  reasons  adduced  in  their  support     At  present  we 
^cSe  ourselves  to  the  views  and  arguments  of  Perty,  Siebold,  Wilham- 

Pe"y  enSl'Lo  no  discussion,  but  merely  states  generally  that  the  posi- 
tion of  Eotifera  with  Vermes  is  indicated  by  theu- want  of  jomted  feet  m 
mi^s  and  of  a  ganghonic  abdominal  chain  such  as  Cnistacea  have,  whilst,  on 
tC  ciary  they  are  provided  with  external  voluntary  and  internal  mvo- 
{J^tar?  cS  after  the  t^pe  of  Vermes.    The  class  to  which  he  would  refer 

'n^^'ra^med  t~  the  Crustacea  is  but 

?P  LSev  are  he  conS  deficient  of  a  distinct  abdominal  mem- 
remote,  Ji?.ce  they  are^^^  CO        ^      ^^^^^^  fibre,-undergo  no  meta- 

^'"^'i:  i.^^e  CmstS  -have  organs  of  respiration  (cilia)  both  externally 

organised  a  form  of  -l-^nT  ^  a  w  S!dX^^^^  ceUular  epithV 

sarcolemma,  and  m  the  existence  oi  a  w  ^  ^      organization  ap- 

Hum  Hning  the  al  --taiy  -^^^  "it  dell  apparaL  appeai-s  'to 

proaching  that  of  the  lowei  Arucma^ta-    j-  1 1-  ^  .    ^^.^  other 

Institute  a  splanclmo-skeleton  1^^^^^^^  ,^,^1,, 
hand,  the  absence  of  a  visible  ^^^J^^^^^^^^  ,ess  a  nervous  system  of 

the  Homoganghate  animals,    ^hf  ttiey  s^^^^^^^  P  ^  ^^^^ed 

some  kind  appears  ahnost  a  matter  of  tas  yet  to  be  de- 

muscular  fibre  indicates  voMion ;  ^'^t  v^s  actual^^^^^^^  respii-ation.  On 
„,onstrated    I  l^^ve  found  no  special  oig^ns  o^^^^^^^  Jtte  ^sceral 

watching  the  movements  of  the  smaU  tic^  ceus  w  contained 
cavity,  I  well  as  in  the  ^-^'^t  becomes  obvi^^^^^^  ^ 
within  the  mtegument  moves  freely  ^thJv^Y  \  ^^^^  ^nd  to  associate  the 
detect  no  vessels  or  pulsataig  o^,gans  Jhes^  Homo^^gliate  Cnistacea.  At 
animal  with  the  Acnta  rather  ^^an  ^^h  ^h^^  of  the  Bryozoa 

the  same  time  its  organization  is       a  hi  her  type  ^^^^^ 

Botat^rcs:?rsK^^^^^^ 

fomeTwei  Crustaceans  ;  and,  moreover,  many  Vermes,    g.  Cle^sme,  cany 

their  f%^^'^'r^^^'^%y  examined  the  question  of  the  affinities  of  the 
Prof.  Hu^ey  has  very  ao  y  illustrations  do,  many  additional 

Eotatoria.    Containin^^^^  ^^^^  ^^^^  "^TtltZ 

^tLTaSk^lf  In  the  first  plale,  ho  adopts,  as  a  group  of  the  lo.c 
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Animlosa,  under  the  name  of  Annuloida,  the  several  families  Annelida,  Echi- 
nodermata,  Trematoda,  Tui'beUaria,  and  Nematoidea,  and  in  company  Avith 
these  ho  would  place  the  Eotifora.  "  The  terms  of  resemblance  (to  the  An- 
nuloida) are  these  : — 1.  Bands  of  ciUa,  resembling  and  performing  the  func- 
tions of  the  wheel  organs,  are  found  in  Annelid,  Echinoderm,  and  Trematode 
laiTffi.  2.  A  water- vascular  system,  essentially  similar  to  that  of  Eotifera, 
is  found  in  Monoecious  Annelids,  in  Trematoda,  in  TurbeUaria,  in  Echino- 
derms,  and  perhaps  in  the  Nematoidea,  the  Cestoidea,  and  the  Nemertidse. 
3.  A  similar  condition  of  the  nei-vous  system  is  foimd  in  TurbeUaria.  4.  A 
somewhat  similarly  armed  gizzard  is  found  in  the  Nemertidae ;  and  the  pha- 
rjTigeal  armature  of  a  Kereid  larva  may  well  be  compared  with  that  of 
Alhertia.  5.  The  intestine  undergoes  corresponding  flexures  in  the  Echino- 
derm larvae.  There  are  therefore  no  points  of  their  organization  in  which 
the  Eotifera  dififer  from  the  Annuloida ;  and  there  is  one  very  characteristic 
circumstance,  the  presence  of  the  water- vascular  system,  in  which  they  agree 
with  them." 

Prof.  Huxley  next  proceeds  to  inquire  to  which  of  the  Annuloida  the  Eoti- 
fera are  most  closely  allied,  and  in  so  doing  seeks  for  the  fundamental  types 
of  therr  organization  by  an  ingenious  mode  of  demonstration,  adducing  the 
genera  Stephanoceros,  Philodina,  Notommata,  BracUonus,  and  Lacinularia  as 
"  the  types  of  the  great  division  of  the  Eotifera,  and  of  which  whatever  is 
true  wiU  probably  be  found  to  be  true  of  all  the  Eotifera."  The  result  he 
arrives  at  is,  "that  the  Eotifera  are  organized  upon  the  plan  of  an  Annelid 
lai-ya,  which  loses  its  original  symmetry  by  the  unequal  development  of  various 
regions,  and  especially  by  that  of  the  principal  ciHated  circlet  or  trochal 
band.  After  some  fiirther  remarks.  Prof.  Huxley  adds—"  I  do  not  hesitate 
to  draw  the  conclusion  "  (which  at  first  sounds  somewhat  starthug)  "  that 
the  Eotifera  are  the  permanent  forms  of  Echinoderm  Urvai,  and  hold  the  same 
relation  to  the  Echinoderms  that  the  Hydraform  Polypi  hold  to  the  Meduscs 
or  that  AppendiculancB  hold  to  the  Ascidians.  ' 

"  The  larva  of  Sipunculus  might  be  taken  for  one  of  the  Eotifera  •  that  of 
Ophmra  IS  essentiaUy  similar  to  Stephanoceros;  that  of  Asterias  resembles 
Lacinularia  or  Mehcerta."  ^"^u^oo 

Again,  this  talented  naturalist  beheves  that  the  Eotifera  furnish  the  hnk 
o^^T""^     !Jf  (^liich  othei-wise  seem  to  lead  nowhere) 

and  the  Kemertidae  and  Nematoid  worms,  the  Eotifera  themselves  forming 
the  lowest  step  of  the  Echinoderm  division  of  the  Annuloida,  the  moZSi 
subkingdom  of  Cuvier's  Eadiata.  IJxi^pubcu 

To  elucidate  his  views.  Prof.  Huxley  has  appended  to  his  essay  a  series  of 
olT^otX  ---P-^-e  between  Eotifera  Ld  7Zm 

seeSontSLn^Sl^^^^^^^^^ 

m  general  tenns,of  the  above  views  and  their  iSusSons'  olt/''"' w^*^ 
English  observer,'and  must  ^tZ' Xl^t  tt^tt^/efa! 

beS^rr-jJii;-^^^^ 

more  particular  relation  Avith  thoso  fnrT,;i,-nc,  •  V  i  >''^™cs,  ana  stauci  in 
vision  "Annuloida."  "'^'''^  "^'"^^  ^^^'^      ^^'^  Pi-oposcd  ch- 

thc^Eotrol''wTfb  ^^^^^^  concerning  the  affinity  exhibited  by 

the  Eotatona  with  the  Ciliobrachiate  Polypes  or  Brjozoa  (a  family  of  Polyzoa) 
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This  affinity  is  particulai-ly  marked  in  the  genus  Stephanoceros  on  the  part 
of  the  Eotifera,  and  in  that  of  BowerhanJcia  on  the  side  of  the  Bryozoa. 
The  members  of  the  latter  genus  Hve  in  an  elongated  tubular  case,  and  have 
themselves  an  elongated,  rather  club-shaped  figure    The  case  is  transparent ; 
ts  upper  portion  is  soft,  so  that  it  can  close  over  the  ammal  when  retracted. 
The  head  of  the  Bryozoon  is  armed  with  several  long  processes  or  tentacles 
War  to  those  of  Stephanoceros,  which  are  clothed  mth  ciha  and  spines  ; 
and  the  mar-in  of  the  head  itself  is  also  ciliated.    This  whole  armature  is 
retractile.    Muscles  are  distinguishable,  moving  the  several  parts.  Thedi- 
gest^e  system  comprehends  a  mouth,  oesophagus,  gazzard,  stomach  a  gastnc 
tube  or  pyloras,  and  an  intestine,  lined  with  cilia,  retummg  upwards,  so  that 
the  anus  opens  near  the  mouth.    The  lining  membrane  of  the  g^^ard  is 
moreover  fornished  with  many  horny  teeth,  seated  on  oval  muscular  bulbs, 
Xh  accoXg  to  Mr.  Gosse  (see  p. 473),  "  approach  and  recede  in  their  achon 
I  food  and  seem  to  represent  the  quadiiglobular  masses  of  Limmas  and  i^o- 
?v    S.fW  fWenerated  ''    The  Bryozoa  as  a  class  are  reproduced  by  thi-ee 
''•^l^"?  bv  ova  ciHated  gemmules;  and  3.  by  budding  (gemma- 

tiotfrom  ?h'e  — nltem  or  po!ypidom  where  they  grow.     The  second 
mode  is  not  met  with  in  BoiuerbanMa,  but  only  in  species  having  Aeshy  o 
tt^lTr^^vvSes  re.  g.  Haloclactylus),whem  the  ciliated  gemmules  occui 
^  ^  wSSnear  as  whitish  points  imbedded  in  the  general  ma^s  Is  there, 
xn      '  JXgy  b^^^^^^    these  and  the  winter  ova  of  Eotifera,  which 

'TnlompSg'this  description  of  Bo.erbanlcia  with  tl^^^  of  f^r^jf; 
position  of  the  ovary  above  the  stomach  m  close  p  ^ 

figxxre  of  the  tentacles  or  ---1^;  P--^^^^^^^^^^  t  s^L^ceros  are  arranged 

But  several  of  these  distinctive  partic^ais  bse  much  ot  th  ^  .^^^^^ 
other  compaiisons  and  ^^^^^^era^^^^^^^^  ^^biyos 
admitted  as  an  occasional  event  m  Eotitei  a    ana  x  i  ^^^^.^^^^ 

into  the  general  cavity  of  the  l^f  dy  has  b^^e^^^^^^^^  by  J  ^^^^  ^^^^^ 
occur  in  Stephanoceros;  ^-^y^S^^^^^XUthi  the  b^dy  of  the  parent  mav 
young  in  PJdlofia  and  their  active  ^Ccd^with  certainty  that 

^  .?t=cr  *e  .suae.    T.  ci.0  .e, 
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another  circumstance,  a  water- vascular  system  is  indistinct  in  StepJianoceros, 
and  would  be  overlooked,  as  Leydig  remarks,  did  not  the  knowledge  of  its 
form  and  of  its  existence  in  other  Eotatoria  direct  in  the  search  for  it ;  and,  on 
the  other  hand,  such  a  structm-e  has  not  been  sought  after  in  Bowerhanlcia. 

These  and  other  considerations,  which  might  easily  be  added  to,  lessen  the 
differential  chai'acters,  and,  together  with  the  many  undoubted  points  of  re- 
semblance between  Boiverhcmkia  and  StepJianoceros,  inchne  us  to  the  very 
prevalent  opinion  that  there  is  a  real  affinity  between  Eotifera  and  Bryozoa, 
although  we  would  not  go  so  far  as  some  naturalists  and  place  the  genus 
StepJianoceros  among  the  latter. 

Huxley  entertains  an  adverse  opinion,  and  believes  that  "  there  is  a  funda- 
mental error  in  approximating  the  Polyzoa  and  the  Eotifera  at  all,  that  the 
resemblance  between  StepJianoceros  and  a  Polyzoon  is  very  superficial  and 
that  the  relations  between  the  Polyzoa  and  the  Eotifera  are  at  the  best'mere 
analogies." 

The  resemblances  between  the  Eotatoria  and  the  Ciliated  Protozoa  are 
merely  superficial.  Vaginicola  is  enclosed  in  a  transparent  sheath,  like  a 
Floscularla  or  a  Tuhicolana ;  the  ui-ceolated  individuals  of  OpJirydium  are 
gi-ouped  into  gelatinous  balls,  hke  those  of  ConocJiilus ;  the  ciliary  wreath 
about  the  head  of  Vorticella,  Stentor,  and  Vaginicola  makes  an  approxima- 
tion to  that  of  Eotatoria ;  and  the  contractile  muscular  pedicle  of  Vorticella 
and  Zoothamniwm  recalls,  in  some  respects,  the  retractile  pedicles  of  the  fixed 
Eotatoria. 

A  connecting  link  is,  however,  suppHed  between  the  CiHated  Protozoa  and 
the  Eotatona  by  most  genera  of  the  famHy  IcJithyclina,  which  Ehrenberg 
indeed  numbered  among  the  latter  class.  This  great  microscopist  had  but  an 
imperfect  acquaintance  with  their  organization  ;  and  at  the  present  time  our 
knowledge  of  it  is  far  from  complete.  The  genera  referred  to  are  IcUJiydixmx 
and  C%arfono<i<s;  and  perhaps  Mr.  Gosse's  genus  Sacculus  should  be  united 
with  them.    The  genus  GlenopJiora  of  Ehrenberg  is  not  recognized  by  most 

They  differ  from  Eotatoria  in  having  no  transverse  joints  or  folds  to  the 
body,  no  water-vascular  system,  no  appreciable  muscles  or  nerves  whilst 
the  cihary  wreath  is  on  the  model  of  CiHated  Protozoa,  and  the  ahmentarv 
canal  after  the  type  of  that  of  I^ematoda  and  of  Anguillula.  The  vibratile 
CLlia  extend  also  over  the  abdominal  surface  of  IcJitJiydium,  and  over  both 
the  ventral  and  dorsal  of  OJi<Bton^tus.  Lastly,  according  to  M.  SchiUtze  thev 
are  hermaphrodite,  and  have  pm-shaped  spermatozoa.  These  peculiarities  of 
organization  have  induced  observers  generaUy  to  exclude  these  genera  from 
Eotatona.  Dujardin  has  found  a  place  for  them  along  with  Coleps  ■  and  a 
doiAtftil  subgenus  he  named  Planariola,  as  a  subclass  of  CiUated  p'lXzoa 
unlike  the  rest  of  this  class  in  being  symmetrical  ^lotozoa. 

Another  link  between  Eotifera  and  the  Cihata  is  to  be  found  in  the  pecuHar 
genus  Bysteria,  which  Prof.  Huxley  referred  to  the  Euplota,  aSd  M?  Gos  e 
to  the  Monocercadeai  among  the  Eotatoria  (see  p  387) 

with  an  analysis  of  the  classificatil  he  ^rs^i^^^^^^^^^^  ^ 
'  ^l^         f "       movent  structure  of  the  rotary  organ  of  wliich  he 

Each  tvnicnT  ^t  .       '\^^^?'\  "^^'^  segments-SorotrocJia. 

dhateSn  '  i/Z,  '  '^fY}'^"^  the  first  into  ffohtrocJia,  in  which  the 
•s^ond  S  w;  V  '''^''^  the  wreath  is  notched.  The 

second  (>Soro  W.«)  into  PolytrocJia,  with  a  compound  wreath  of  several  lobe' 
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or  secondary  circlets,  and  into  Zygotroclm,  where  the  organ  consists  of  two 
(a  pair  of)  symmetrical  wreaths.  r     j  j 

The  further  division  of  these  sections  into  families  was  founded  on  the 
circumstance  of  the  animals  being  either  loricated  or  not  loricated;  and  the 
distribution  into  genera  was  made,  primai-Hy,  according  to  the  number  and 
disnosition  of  the  red  eye-specks,  and  in  a  secondary  degree,  according  to 
the  characters  of  the  jaws  and  teeth,  or  of  those  of  the  foot-process,  or  other- 
wise, more  rarely,  of  the  lorica.  ,     ,  „        «  •  e 

This  classification  we  present  in  a  tabulated  form  for  convenience  of 

reference. 

CLASS  EOTATOEIA,  ACCORDING  TO  EHRENBEEG'S  SYSTEM. 
SECTION  I.  MONOTROCHA. 

GENEEA. 

.    ,      ,    f  with  truncated  foot  Ptygura. 

hail-  absent  ■!  ^-^j^  forked  foot  Ichtliydinm. 

hair  present    Chastonotus. 

,   Grlenophora. 

eyes  present  ••••y^-;--^,^-,;:;::::::::::::::::::  ascistes 

 (loriciB  agglomerated    Conochilus. 


FAMILIES. 


Illoricated 
thydiaa 


Ich- 


eyes  absent 


Loricated:  CEcistina 


Illoricated:  Mega- 

lotrochaea   |  eyes  present 


Cyphonautes. 
Microcodon. 


eyes  absent    

{Zo%l  :::::::::::;:::::::::::== 

 Tubicolaria. 

eyes  absent  

one  eye  (when   Stephanoceros. 


Loricated :  Floscu- 
laritea   


y'^'^S)   •  • 7  m-ceoU  distinct  Limnias. 

two  eyes  (when  f^^^'-y  "''S^^          urceoU  agglomerate  La^^- 
■  1  rotary  organ  4-fid   Meuoerta. 


yovmg) 


•1 


•I 


eyes 


absent 


one  eye 


two  eyes  . 


three  eyes 


''frontal. 


cervical 


frontal . . . 


eyes  numer 
ous   


3 


Euchlanidota...  eyes  absent 


[rotary  orian  5-6-fid   Floscularia. 

SECTION  II.  SOEOTEOCHA. 
Division  I.  Polytrocha. 

,   Enteroplea. 

f  no  teeth  jr^-;;;^:,;;^:::::Z  Hydatma. 

|teeth......{j,,„,eiottied..........^^ 

 Monocerca. 

frontal  cilia  aione   Notommata. 

do.       with  styles  Synchseta. 
do       with  uncini  Scaridium. 
foot  absent ;  body  with  lateral  cirrhi. .  Polyarthra. 

r  foot  furcate  •  

r  cirrhi  on  neck  Tnarthra. 

. .  foot  styMorm  |  ^^^-^  wanting  Eatulus. 

[cervical  .. .foot  furcate  SpSmus. 

  Eosphora. 

Otoglena. 
Cycloglena. 
Theorus. 
Lepadella, 
Monostyla. 
Mastigocerca. 
Euchlanis. 
Salpina. 
Dinocharis. 
Moniira. 
Colurus. 
Metopidia. 
Stephanops. 
Squamella. 


r. 
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Philodinaia 


eyes  present  ■ 


two  frontal 


Division  II.  Zygoteocua. 

FAMILIES.  GENEKA. 

<  r  with  a  proboscis  and  foot-processes  Callidina. 

,     ,     without  proboscis ;  no  f    ,  j  •  i  j       tr  j  • 

eyes  absent  \  '^^^      rotary  organ  pedicled   .  Hydnas. 

[    on  the  foot.   ....[  not  pedicled  Typhbna. 

ffoot  with  horn-  f  terminal  toes  two  . . .  Eotifer. 
Uke  processes  \        do.        three  Actinurus. 
foot  without  such  processes ;  terminal 
toes  two   Monolabis. 

two  cervical   Pliilodina. 

'  eyes  absent  foot  furcate  Noteus. 

Brachioniea  \  f      (o~rvicBl\  I       ^^^^^^  Anuria. 

eyes  present  \  °™  (.cervicai;  |  ^^^^  farcate  Brachionus. 

I,  [  two  (frontal),  foot  styliform  Pterodina. 

Many  serious  objections  attach  even  to  the  fundamental  principles  which 
Ehrenberg  has  adopted  in  his  systematic  distribution  of  Eotifera.  Leydig 
has  well  argued  against  the  existence  of  an  actually  compound  trochal  disk 
(p.  398) ;  and  to  designate  the  peculiar  ciliated  organs  of  Flosculana  and 
Stejphanoceros  simple  notched  wreaths  is  certainly  a  misnomer,  and  conveys 
an  erroneous  impression. 

The  employment  of  the  "  loricated  "  and  "iUoricated"  condition,  as  un- 
derstood by  Ehrenberg,  in  the  construction  of  families,  is  even  more  faulty ; 
for,  as  before  observed  (p.  394-5),  he  uses  the  term  "  lorica  "  so  loosely,  that 
It  designates  no  one  special  structure.  The  existence  and  position  of  eye- 
specks,  as  characteristic  of  genera,  are  very  uncertain  and  insufficient.  These 
coloured  specks,  especially  when  numerous,  are  not  constant  either  in  number 
or  position ;  they  disappear  with  age  in  numerous  instances,  in  some  even 
before  the  adult  condition  is  attained ;  they  may  be  deficient  from  various 
external  circumstances  of  development ;  and,  in  general,  they  have  not  that 
importance  in  the  organization  and  life  of  the  Eotatoria  which  can  warrant 
their  employment  as  generic  distinctions.  The  formation  of  the  jaws  and 
the  number  of  the  apparent  teeth  might  afford  valuable  characteristics  •  but 
they  are  facts  difficult  of  determination  on  account  of  the  minuteness  of  theii- 
parts.  Erom  the  above  considerations  it  is  evident  that  the  descriptions  of  the 
Jierhn  Professor  are  open  to  much  question,  and  the  generic  characters  based 
on  them  uncertain. 

That  this  aridficial  system  of  Ehrenberg  is  erroneous,  is  also  evidenced  bv 
the  separation  of  undoubtedly  aUied  forms  which  it  often  entails     This  eA 
involves  another,  that  of  the  unnecessary  multiphcation  of  genera  and  of  di- 
stinctive names.  _  Thus  Dujai-din  rightly  insists  on  the  erroneous  distribution 
of  a  naturaUy  smgle  genus,_from  the  really  unimportant  vai-iation  in  the 
number  of  coloured  specks,  into  the  several  genera  Lepaclella  MeMa 
Stephanops,  and  Squamella ;  and  also  indicates  the  division  of  the  famU  c 
Phdochn<,a  and  mjdaUn<,a  as  carried  too  far.     On  the  other  hand  t™ 
tensive  genus  No  ommata  comprehends  many  veiy  dissimUar  animals,  i^cludin. 
for  instance  not  only  such  as  possess  the  t3^)ical  alimentaiy  cS  of  tlie 
Eotifera,  but  also  those  recently  discovered  forms  that  diverge  from  that  tvpe 
m  wantmg  a  separate  anal  outiet.    Such  a  genus  requires  re^^ion  ffi 
same  may  be  said  of  the  genus  Dialena     Tn  iL  nr>L;  ^  ^     revision,  ihe 
the  BerlL  Professor  fallf  into  anTd^tiolVtr^^^^ 
IcJuhychna  among  the  Eotatoria.  In  fine,  the  result  of  modJ  ™ 
SiE  '  "  "'"'^^  gotia  X"  he  hi: 

Although  the  defects  and  errors  of  Ehrcnberg's  system  be  generally  ad- 
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mitted.yet  several  writers,  such  as  Siebold,  Perty,  and  Gosse,  have  befen  con- 
tent to  employ  it  in  the  absence  of  a  better.  Indeed,  before  a  conrect  natural 
classification  of  the  Rotatoria  can  be  made,  the  organization  of  each  mde- 
pendent  form  must  bo  investigated,  and  the  signification  and  relative  import- 
ance of  its  parts  determiaed.  X        -cu     V      V  oolf 

Various  temporary  arrangements  have  been  suggested.  Ehrenberg  himselt 
indicated  a  division  of  the  class  according  to  the  form  and  disposition  ot  the 
alimentary  canal,  and  another  according  to  the  stracture  of  the  dental  appa- 
ratus Both  these  are  unsatisfactory  and  artificial ;  and  even  their  author 
was  compeHedto  admit  that  genera  and  species  were  thereby  associated  m 
aUiauces  quite  different  from  those  they  occupied  in  his  accepted  system. 

Duiardin  considers  that,  "  in  the  present  state  of  science,  we  do  not  possess 
the  elements  of  a  definite  classification  ;  "  and  therefore  proposes,  as  a  merely 
provisional  scheme,  four  grand  divisions  of  the  Rotatoria,  includmg  the  Tardi- 
grada:  viz.,1.  those  wHch  Hve  fixed  by  theii'  posterior  extremity ;  2.  those  which 
have  but  one  mode  of  locomotion,  and  are  always  swimmers ;  3.  those  which 
enioy  two  modes  of  progression— by  crawling,  after  the  manner  of  leeches,  and 
by  swimming  ;  4.  those  which  creep  by  moveable  uncmi  on  their  lower  sm-- 
f  Jce,  and  are  destitute  of  cilia.  It  is  the  Tardigrada  whach  constitute  tins 
fourth  division ;  and  they  so  far  differ  from  Rotatoria,  particularly  m  the  ab^ 
sence  of  a  ciliary  apparatus  and  the  presence  of  nidimentaiy  feet,  that  their 
aSance  with  the  latter  is  generally  objected  to ;  even  Dujardm  himseK  views 

it  as  of  doubtful  propriety.  ,    ^    -,.      -,    ■       #  n  „o 

The  classification  of  Dujardiu,  omitting  the  Tardigrada,  is  as  foUows  .- 

Families. 

f  FLOSCULARrENS. 

1.  Fixed  forms   I  Meliceetiens. 

f  Brachioniens. 

2.  Having  one  mode  of  locomotion,  viz.  by  swimming  |  ^^^^^^g.""- 

3.  Having  two  modes  of  locomotion:  1.  by  swimming ;  |  jjQ^jpj,jjgg 

2.  by  crawling  J  . 

For  the  fiu'ther  division  into  genera  we  must  refer  to  Dujardin  s  work. 
The  svstem  as  Leydig  remarks  of  it,  is  founded  on  a  correct  prmciple,  and 
J^commends'  itseVb/its  simpHcity.  The  groups  of  individuals  it  brmgs 
togeSr  generally  consort  by  natural  afiinities  ;  shll  some  are  exceptional  and 
fibprrant  and  occur  as  disjecta  membra.  i.  ii    f  ^ 

Leydi^  makes  the  attempt  to  form  a  division,  primarily  according  o  the  foira 
of  the  body,  and  secondarily,  to  the  natui-e  and  the  P^f^^«\«.^  ^he  absence 
of  the  foot-process.  There  L  three  primary  forms  ^he  fi^-^ 

«haT^Pd  or  cvlindrical ;  2.  in  which  it  is  saccular ;  3.  in  which  it  is 
r ptsed'  tS  acrmpalyi^g  plan  represents  in  foU  the  system  m  ques- 
tion.    The  Ichthydina  are  omitted. 

LEYDIG'S  CLASSIFICATION. 

A.  Figure  club-shaped  or  cylindrical. 

T    With  a  hnq,tra'i-isver&ely  wrinkled,  attcwhed  foot.  ■Kir„„„iM,.r,..hj7'n  and 

In  thif  section  are""  comprised  the  families  <^''>'^"%^ff"^^^^^^ 
FloscularicBa  of  Elirenberg,  excepting  the  genera 
Cyphonautes,  and  Microcodon.    The  last  belongs  to  another  section  , 
and  the  other  tlu-ee  are  incomplete  forms. 
TT   With  a  long,  jointed,  telescopic,  and  retractile  foot. 

Is  represented  by  the  family  Fhilodinaa  (Ehi\). 

n^S^r  S^e^f  I^^nocharis  (Ehr.). 

;lir^:SX...^^^^^^       Mc......  (EHt.).  and  the 
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species  Notonmata  Tigris  and  N.  longiseta  (Elir.).  Leydig  surmises  that 
A/7<?rocorfow  is  a  male  animal.  i  ^    i-  u., 

V.  With  a  short  foot;  the  foot-processes  equal  to  the  foot  tn  length,  or  but  slightly 
shorter  or  longer,  -n  .  i      t,-  u  ^ 

Comprises  the  genera  Hydatina,  Pleurotrocha,  Diglena,  Ratulus  mstemma, 
Triophthalmus,  Eosphora,  Cycloglena,  Theorus,  Synchata  (-B-hr-).  and 
Lindia  (Duj.) ;  together  with  the  species  Notommata  Tuba,  Jl.  petro- 
myzon,  N.  saccigera,  N.  Copeus,  N.  centrura,  N.  brachyota,  N.collaris, 
N.  Najas,  K  aurita,  N.  gibba,  N.  ansata,  N.  decipiens,  N.  Fehs,  N.  para- 
sitica, N.  tripus  (Ehr.),  N.  tardigrada  (Leydig),  N.  verimoularis  (Duj.), 
N.  roseola  and  N.  onisciformis  (Perty),  and  the  Ftircularia  Rhemhardtn 
(Ehr.),  which  is,  however,  actuallv  a  Notommata.  The  genus  Lmdia 
(Duj.)  is  doubtful ;  and  that  of  Enteroplea  (Ehr.)  is  the  male  of  Hyda- 
tina  senta. 
VI.  Without  a  foot. 

Is  represented  by  the  genus  Albertia  (Duj.). 

B.  Figure  saccular. 

I.  With  a  short  foot.  „  „  ,     ,t  ,v    .  ^ 

Such  ai-e  the  species  Notommata  clavulatal,  N.  Myrmeleo,  N.  Syrinx,  and 
Biqlena  lacustris. 

II.  Withoiota  foot.  -,.  s  t,  i  i 

Includes  Notommata  anglica  (Dalrymple),  N.  Sieboldn  (Leydig),  Polyarthra 
platyptera  (Ehr.),  and  the  genera  Triarthra  (Ehr.)  and  Ascomorpha 
(Perty). 

C.  Figure  compressed. 

a.  Compressed  horizontally. 

I.  With  a  foot 

Eepresented  by  the  genera  Euchlanis,  Lepadella,  Monostyla,  Metopidia, 
Stephanops,   Squamella,  Notezis,  Brachionus,  Pterodina  (Ehr.),  and 
Notogonia  (Perty). 
II.  Without  a  foot. 

The  gemis  Anurma  (Ehr.). 

b.  Compressed  laterally. 
Includes  the  genera  Salpina,  Mastigocerca,  Monura,  and  Colurus  (Ehr.). 

This  axrangement  of  the  Eotatoria  the  author  confesses  to  be  defective. 
In  our  opinion,  it  has  no  advantage  over  the  scheme  of  Dujardin,  and,  on 
the  other  hand,  wants  its  simplicity.  Its  basis  is  not  such  as  •wOl  combine 
the  species  according  to  their  natural  affinities ;  for  there  is  no  necessary  or 
direct  relation  between  external  form  and  internal  organization,  and  it  is  on 
the  latter  alone  than  any  classification  can  securely  repose. 
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Sect.  V.— OF  THE  TAEDIGRADA. 

Theie  STRTTCTrEE,  Habitats,  AND  AFFINITIES. — The  Tardigtada  or  Tardi- 
o-rades  (in  German,  Wasserhdren,  lit.  water-bears)  constitute  a  small  group 
of  animals,  first  noticed  by  Eichliorn,  and  latterly  more  fully  investigated  by 
Doyere,  Dujardin,  and  Kaufmann. 

Their  size  is  so  considerable  (from  ^th  to  J^th  of  an  inch  in  length)  that 
they  are  visible  to  the  naked  eye.  They  have  oblong,  symmetrical,  non- 
ciliated,  and  very  contractile  bodies,  admitting  of  their  rolling  themselves  into 
a  ball,  and  of  otherwise  varying  theu-  figure.  The  head  is  somewhat  pro- 
duced, assuming  a  conical  or  pp-amidal  figure  ;  but  they  have  no  pseudopo- 
dium  or  other  posterior  process. 

They  are  invested  by  a  resistant,  firm,  and  sometimes  horny  integument, 
composed  of  two  layers.  The  firmness  is  due  to  the  chitinous  composition  of 
the  external  lamina  or  cuticle,  which  is  not  affected  by  caustic  alkali.  In 
Enniclium,  M.  Doyere  describes  the  integument  to  consist  of  four  homy 
plates.  During  contraction,  the  integument  is  thi'own  into  transverse  folds, 
and  the  anterior  and  posterior  segments  refa-acted.  Its  sui-face  is  generally 
smooth ;  but  iu  Emydium  there  are  a  few  pretty  regularly  disposed  bristles 
(setEe)  on  the  back  and  sides  ;  and  in  the  neighbourhood  of  the  mouth  there 
are  as  a  rule,  several  soft  flexible  processes,  palpi  or  antennae.  Numerous 
and  definite  muscles  extend  between  the  inner  skin  or  epidermis  and  the 
various  organs  and  members.  ,       ,.      .  ,   -,  «      .1    j  ^^ 

The  under  or  abdominal  siu'face  is  clearly  distingmshed  fi'om  the  dorsal  by 
the  presence  of  four  pairs  of  rudimentary  feet  without  joints,  each  consisting 
of  a  nipple-like  (mammilliform)  process  supporting  on  its  extremity  fi'om  two 
to  four  well-developed  curved  and  acute  uncini  or  hooks.  These  are  the 
locomotive  members  by  wHch  the  animals  crawl  upon  and  adhere  to  sohd 

substances.^  is  without  a  troehal  disk  or  cHiaiy  wreath,  vibratile  cUia  being 
entirely  wanting.  The  mouth,  opening  at  its  extremity,  m  the  median  hne, 
is  modified  so  as  to  form  a  sucHng-tiibe  ;  it  is  narrow,  and  drawn  out  to  a 
more  or  less  fine  extremity ;  it  is  bounded  on  each  side  by  a  lateral,  ngid, 
homy  narrow  or  Unear  process— the  maxiUa,  wWch  is  moveable  upon  a 
sinele'  or  double  central  piece  or  fulcrum.  The  whole  organ  constitiites  a 
tube-Hke  sucker,  and  is  protrusile  at  will  beyond  the  head,hke  the  suctonal 
mouths  of  Acari  and  Insecta.  On  each  side  of  the  mouth  are  the  small  re- 
tractile palpi  abeady  noticed.  i  a  • 

The  mouth  opens  posteriorly  in  a  pharyngeal  muscular  bulb  furnished 
intemaUy  with  a  homy  articulated  dental  apparatiis,  serving  to  crush  tood,  but 
less  Hghly  organized  than  in  Kotifera.  Under  the  polarizing  microscope  the 
manducatory  organs  exhibit  the  same  appearance  as  hom.  From  them  the 
food  passes  into  an  elongated  tubular  stomach  or  intestine,  continued  straight 
through  the  body,  and  terminating  in  an  anus  at  the  posterior  extremity,  in 
itq  course  it  presents  numerous  lateral  offshoots  or  diverticula. 

No  form  of  respiratory  or  circulatory  apparatiis  has  been  detected  ;  but  a 
multitude  of  granules  and  corpuscles  are  seen  to  float  freely  m  the  general 
Z  S  between  the  integument  and  the  alimentary  canal,  which  Doyere  sup- 
1f  to  be  concerned  in  the  processes  of  nutrition,  and  to  be  analogous  to 
ILl-corpLcir  M  Quatreflges  states  that  the  fluid  within  the  body  .s  m 
perpetual  iiTCgidar  motion. 
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The  nervous  system  is  well  developed.  It  consists  of  a  chain  of  ganglia, 
with  intercommunicating  (anastomosing)  nerve-fibres,  besides  a  central  or 
cerebral  ganglion. 

The  eyes  ai-e  variable  ajid  fugacious.  The  sense  of  touch  may  be  presumed 
to  reside  specially  about  the  suctorial  mouth  and  its  contiguous  palpi.  All 
the  Tai-digrada  ai-e  hermaphrodite.  The  ovary  is  of  large  size ;  but  the  ova, 
according  to  KbUiker  and  Prey,  do  not  in  the  course  of  development  exhibit 
a  gei-minal  disk :  in  this  they  differ  from  Ai'thi-opoda.  Few  eggs  are  pro- 
duced at  a  time,  and  are  of  large  size.  They  are,  curiously  enough,  found  in 
the  exuviae  or  moultings  of  the  animals ;  for  from  time  to  time  the  outer  skin 
is  cast  off.  M.  Doyere  convinced  himself  of  the  existence  of  a  testis  and 
spermatozoa.  Dujardin  says  the  embryo  emerges  from  the  ovum  perfect  in 
form ;  but  Kaufmann,  on  the  contrary,  affirms  that  they  undergo  some  de- 
gree of  metamorphosis  ere  they  attain  the  adult  structure. 

The  Tardigrada  have  received  their  name  from  their  slow  movements.  They 
are  parasitic  animals,  and  Kve  by  sucking  the  juices  from  other  beings.  They 
are  common  upon  water-plants  and  vegetable  debris  in  ponds ;  yet  immersion 
in  water  is  not  necessary,  since  they  are  found,  like  Eotifers,  in  the  dust  and 
rubbish  on  the  roofs  of  houses  (a  locality  in  which  they  were  first  encountered 
by  SpaUanzani),  and  especially  amid  the  small  lichens,  mosses,  &c.,  which 
spring  up  in  such  situations.  The  Bryum  is  a  favourite  moss  for  these  crea- 
tures. On  shaking  portions  of  this  or  of  other  mosses  or  aquatic  plants  in  a  basin 
of  water,  the  Tardigrada  will  faU  to  the  bottom,  and  may  be  easily  collected. 

In  most  vital  phenomena  they  very  closely  accord  with  Eotatoria  ;  thus, 
like  these,  they  can  be  revived  after  being  put  into  hot  water  at  113°  to 
118°,  but  are  destroyed  by  immersion  in  boiling  water.  They  may  be  gra- 
dually heated  to  216°,  252°,  and  even  261°.  It  is  also  by  their  capability 
of  resuscitation  after  being  dried  that  they  are  able  to  sustain  their  vitality 
in  such  localities  as  the  roofs  of  houses,  where  at  one  time  they  axe  subjected 
to  great  heat  and  excessive  drought,  and  at  another  are  immersed  in  water. 

0.  Midler  (in  1785)  seems,  from  the  name  (Acarus  Ursellus)  which  he 
imposed  on  the  species  he  then  knew  of,  to  have  rightly  conceived  their 
natural  affinity.  Ehrenberg  and  Schultze  (1834)  placed  them  among  the 
Lernece.  Dujardin  (in  1841)  advocated  their  alliance  with  the  Eotatoria,  and 
constituted  them  one  of  the  divisions  of  that  class,  under  the  name  of  "  Sy- 
stolides  Marcheurs,"  or  creeping  Eotatoria  ;  for  he  considered  them  to  form  a 
link  between  the  Eotatoria  and  the  Hehninthidse  on  one  side,  and  the  Anne- 
hda  and  Arachnida  on  the  other.  M.  Doyere  at  first  coincided  in  this  opinion  ; 
but  his  subsequent  researches  led  him  to  give  it  up  and  to  constitute  the  Tai'- 
digrades  a  distinct  group.  Dujardin  himself  has,  moreover,  modified  his  fii'st 
opinion,  as  appears  by  his  memoir  in  the  Annales  cles  Sc.  Nat.  for  1851 ; 
for  he  there  remarks  that  the  Tardigrada  are  equally  allied  to  the  Eotifera 
and  to  the  Nematoid  Helminthidae,  and  that  it  is  uncertain  whether  they 
ought  to  be  referred  to  Articulata  or  Vermes.  Our  countryman  Mr.  "Wliite 
(in  a  paper  read  before  the  Linnean  Society  in  1851)  stated  his  beKef  "  that 
the  so-called  Acarus  foUicuhrum,  and  probably  also  Tardigrada,  are  pai-asitic 
Eotatoria,  with  legs  or  leg-like  appendages  adapted  to  their  peculiar  habits, 
and  that  their  retractile,  antenna-UIce,  subtelescopic  appendages  may  have 
eyes  passing  through  them,  as  in  snails,  and  may  also  bo  the  equivalents  of 
the  rotce  (rotary  lobes),  but,  from  the  limited,  or  rather  the  absolutely  re- 
stncted,  power  of  motion  of  these  animals,  have  neither  the  ciliary  processes 
nor  the  movements  and  economical  uses  of  the  appendages  so  characteristic 
of  most  of  the  Eotatoria." 

Peri.y  tolls  us  that  in  1848  he  constructed  a  family  Xenomorphiclce,  which 
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Avas  accepted  by  Ehrenberg,  to  comprehend  the  Tardigrada,  the  best-known 
of  which  were  inchided  in  a  genus  Aretiscon,  so  named  by  fechrank.  llis 
opinion  now  is,  that  "  perhaps  they  should  rather  be  associated  with  the  class 
Ai-achnida  as  a  lower  type,  near  the  Acarinjc,"  and  not  be  numbered  with  the 
Crustacea,  as  he  fonnerly  proposed.  «  Doyere's  figures  of  Emychum  ini^cate 
theii'  alHance  with  the  Acariuje,  like  many  of  which  the  XenomorpUdce  (iar- 
di<-rada)  suck  the  juices  of  other  animals.  Their  development  differs  from 
that  of  Rotifera  ;  and  their  sldn  is  composed  of  chitin."  This  last  distinction, 
also  insisted  upon  by  Kaufmann,  vanishes  if  Leydig  be  correct  in  his  state- 
ment that  Rotatoria  likewise  have  a  chitinous  cuticle.  _ 

The  most  recent  writer  on  Tardigrada  w^e  have  met  with  is  Kaufmann 
(Zeitschr  1851,  p.  220),  who  has  presented  an  able  memoir  on  those  bemgs. 
He  indicates  the  following  distinctive  features  between  them  and  Rotatona: 
—The  history  of  theii-  development  accords  with  that  of  Arthropoda,  and 
chsagrees  with  that  of  Rotifera :  the  epidermis  is  composed  of  chitin  a  sub- 
stance only  found  in  Arthropoda  (tHs  we  have  abeady  stated  is  probably  an 
error)  •  the  pairs  of  indistinctly-jointed  Umbs  and  the  abdommal  chain  of 
eangia  no  Rotifer  possesses,  whilst,  on  the  other  hand,  the  Tardigrada  have 
no  teochal  disk  and  no  vibratHe  cilia,  but  possess  a  suctorial  mouth ;  lastly, 
thev  are  deficient  of  a  water-vascular  system,  and  are  aU  hermaphrodite. 

Cohn,  in  a  recent  paper  (Siebold's  Zeitschrift,  1855,  p.  fl).  throws  some 
doubt  on  this  presumed  monoecious  nature  of  the  Tardigrada.  Thus  he  says 
Dovere  whilst  maintaining  theii' hermaphrodite  character,  has  noticed  seminal 
corpusdes  (spermatozoa)  in  only  two  individuals.  On  the  other  hand,  he  men- 
tions certain  examples  in  which  the  oral  organs  were  aborted,  and  both  sucto- 
rial disk  and  maxiUary  head  were  wantmg  ;  this  happened  ^ost  frequent  y 
L  Macrobiotus  HufdancUi,  and  more  rarely  m  other  species.  Another  notable 
is  that  in  the  two  closely-allied  species,  MaeroUotus  JIufelamlii  and 
Mtr  '(tlZlii,  the  ova  of  one  are  thick-shelled  and  tuberculated  and 
those  of  the  other  thin-shelled  and  smooth.    In  these  cu'cumstances  Cohn 
rSsposed  to  find  a  paraUel  between  Tardigrada  and  Rotatona  m  what 
elates  to  their  sexual  pecuHarities,-inferi-ing  by  this  that,  as  m  the  latter 
fern  ly  the  sexes  are  separated,  and  ova  of  three  sorts-male,  "  sxumner 
raSal),  and  -  winter  "-are  produced,  so,  from  the  facts  indicated,  the 
Sgmda  may  also  be  bisexual  (dioecious)  and  may  deposit  eggs  of  each 

'The  r^Stion  of  Tardigrada  to  Arachnida  through  the  lowest  divisions  of 
the  latter,  Kaufmann  proceeds  to  demonstrate  by  the  followmg  particulai-s  :- 
They  have  suctorial  mouths,  like  most  Acari  ;  in  the  structui-e  and  disposition 
of  the Tgestive  organs  they  agree  with  Ai'achnida ;  by  the  absence  of  circu- 
Ltoryan^Sspirafory  organs  they  are  allied  to  the  Acai-ina  i-  Part'^d  to 
SrPvcnogonidce  entirely ;  like  many  mites  (Acarma),  they  lay  few  ^d 
Kr%  Ls.    But,  again,  the  occuiTence  of  a  metamorphosis  to  some  extent 
detaches^  them  from  the  Pycnogonidc  and  from  most  Acarma  ;  and  they 
Se  from  aU  Arachnida  by  being  hermaphrodite  ;  however,  the  circumstance 
S^^he  sepamtion  of  the  sexes,  or  theii'  union  in  the  same  individual,  in  no 
elast  of  aSmals  can  supply  the  basis  for  constitutmg  family  distinctions 
Fven  among  Arthropoda  a  family  of  hermaphrochte  animals  occurs,  viz.  the 
nnipeSr^this^-espect  the  Crustacea  and  Araclmida  by  their  lowest 
mhprthrouoh  which  they  are  Hnkcd  to  other  classes  of  ammals,  accord; 
r?he  former  th^^  wliich  aUy  them  with  the  MoUusca,-in  the 

Lt  theTardigrada,  which  approximate  the  Ai-achiiida  to  the  Annehda, 

'"^^e  tnriusSn  Te"  is,  that  the  Tardigrada  constii^te  the  lowest 
secSn  ofthe  Trachnida,  by  th^  side  of  the  lynogonuJ.  and  the  Acanna. 


PART  II. 

A  SYSTEMATIC  HISTORY  OF  INFUSORIA. 


[Note. — ^The  several  groups  whose  general  history  is  treated  of  in  the  fii-at  part  of  this 
work,  viz.  Bacillai-ia  (p.  1),  Phytozoa  (p.  Ill),  Protozoa  (p.  199),  and  Eotatoria  (p.  392), 
being  independent  of  each  other,  their  respective  families,  genera,  and  species  will  not,  for 
the  reason  stated  in  the  Preface,  be  described  in  the  same  order  in  this  second  part,  but 
those  of  the  Bacillaria  will  be  printed  last.  For  an  explanation  of  abbreviations,  see  end 
of  Contents.] 


OF  THE  GROUP  PHYTOZOA  (p.  111). 

Families: — 1.  Monadina;  3.  Hydromorina ;  3.  Cryptomonadina ; 
4.  Volvocinaj  5.  Vibrionia;  6.  Astasisea. 

FAMILY  1.— MONADINA. 

(Plate  XVIII.  figs.  1  to  28.) 

The  Monadina  are  among  the  most  minute  Hving  creatures  which  have  been 
discovered  by  man.  They  are  (according  to  Ehrenberg)  destitute  of  an  ali- 
mentaiy  canal,  are  illoricated  or  shell-less,  and  have  a  uniform  body  without 
any  appendages  issuing  from  it,  cilia  not  being  considered  as  such.  They 
increase  by  simple  and  complete  self-division  into  two,  four,  or  more  indi- 
viduals. The  uniformity  or  unvaiying  appearance  in  their  external  form  (he 
says)  may  be  considered  as  one  of  the  principal  characteristics  of  this  family  ; 
for  no  one  of  the  Monadina  can  voluntarily  alter  the  shape  of  its  body,  whether 
into  a  filiform,  knotty,  or  globidar  figure,  nor  can  it  extend  any  portion  of  it, 
and  then  contract  it  again.  AU  possess  organs  of  locomotion,  nutrition,  and 
propagation,  the  last  of  the  hermaphrodite  character.  Some  of  them  have  a 
rudimentary  eye ;  but  it  has  never  been  discerned  that  they  are  fiuTushed  with 
a  vascidar  or  cu-culating  system,  which,  however,  is  not  surprising  when  we 
reflect  that,  should  they  possess  it  (a  supposition  by  no  means  to  be  rejected), 
the  diameters  of  the  tubes  of  this  system  would  necessarily  be  of  such  extreme 
minuteness  as  to  defy  investigation.  None  but  microscopes  of  high  magnify- 
ing powers  can  display  their  structure  ;  indeed  they  cannot  be  observed 
accurately  with  a  less  ampUfication  than  500  diameters,  by  glasses  of  consi- 
derable penetration  and  good  defiiution. 

The  apparent  eye  of  some  Monadina  is  used  as  a  generic  character  for 
Microglena  (XVIII.  G),  Phacelomo  nas,  &c. ;  but  its  possession  does  not  prove 
the  existence  of  sensibility,  although,  as  Ehrenberg  thinks,  this  facidty  is  pre- 
sumable from  the  alternate  vibration  and  quiescence  exhibited  by  the  pro- 
boscis when  one  of  these  beings  is  in  a  place  abundantly  supplied  with  food. 

The  details  given  in  the  first  part  of  thiswork  (p.  180),of  the  nature  luid  struc- 
tiu-e  of  the  animalcidcs  comprised  by  Ehrenberg  in  this  family,  render  it  unnc- 


486  SYSTEMATIC  HISTOEY  Oi'  THU  INl'USOaiA. 

cessary  here  to  state  more  than  that  the  beings  so  grouped  together  are  hete- 
rogeneous both  in  nature  and  character,  and  partake  scarcely  any  other  features 
in  common  than  those  of  minuteness  and  the  possession  of  one  or  of  few  elon- 
gated cilia  or  filaments  as  locomotive  organs.  The  deficiency  of  characteristics 
necessary  to  constitute  a  natural  family,  and  the  absence  of  any  proof  of  the 
animality  of  the  several  genera,  were  perceived  by  Siebold,  who  rejected  the 
Monadina  from  his  group  of  Infasoria.  Agassiz  says  of  them  that  they  are 
mostly  moveable  germs  of  various  kinds  of  Alg£E ;  and  ia  this  statement,  we 
beheve,  as  far  as  relates  to  the  majority,  he  is  correct.  Dr.  Burnett  {Boston 
Journ.  Nat.  Hist.l^b2,,Ni.Y. 2,12)  has  the  foUowing  remarks  on  these  topics  :— 

"As  the  family  Monadina  now  stands,  it  undoubtedly  includes  very  hetero- 
geneous elements,  particles  being  grouped  together  from  their  general  aspects 
rather  than  from  their  physiological  characteristics.  I  cannot  pretend  to  take 
them  up  in  that  systematic  way  in  wHch  they  have  been  arranged  by  Ehi-en- 
berg  •  for  I  have  found  but  little  system  about  them,  and  for  the  most  part 
have  been  unable  to  foUow  Hs  descriptions.  If  we  are  to  judge  of  them  by 
mere  foi-m  and  size  alone,  I  should  say  that  the  varieties  they  present  u^der 
the  microscope  are  numberless.  Indeed,  in  watching  the  same  pai-ticle  lor  a 
long  time,  I  have  seen  it  change  its  form  and  size  four  or  five  tmies,  and  each 
as  distinct  from  the  other  as  many  of  Ehrenberg's  species.  Those  which  con- 
tain chlorophyU  must,  it  appears  to  me,  in  virtue  of  that  fact  be  regarded 
as  of  a  vegetable  nature.    As  to  the  others  this  pomt  woxild  be  doubtful. 

Again,  Duiardin,  whilst  admitting  generaUy  the  animal  nature  of  the  ge- 
nera in  question,  differed  widely  from  the  Berhn  natui-ahst  both  as  to  their 
organization  and  distribution.  Since,  however,  in  the  present  state  of  our 
knowledge,  it  is  impossible  to  fix  on  the  orgamsms  of  which  they  are  but  de- 
velopmental phases,  it  is  weU,  for  the  purpose  of  future  identaffcation  and 
future  researches,  to  attempt  definitions  and  descnptions  of  these  simple 
beings,  although,  as  an  artificial  and  temporaiy  proceeding,  the  whole  be 
doomed  to  ultknate  neglect  and  destruction.  Consequently,  we  shaH  retain 
jEhrenberg's  genera  and  species,  wHch,  however  lU-defined  and  unsatis- 
fectory,  give  the  best  representation  we  possess  of  these  vaiied  and  vai-iable 

°^¥hTXrof  Erenberg  on  the  special  organization  of  the  Monadina  have 
been  widely  criticised  and  condemned.  The  possession  of  an  integument,  the 
feed  invariable  outline,  and  the  ocular  natui-e  of  the  red  speck,  are  statements 
^ch  have  encountered  the  opposition  of  Dujardm  and  of  very  "^any  subse- 
quent natui-alists.  The  existence  of  a  mouth  and  the  reception  of  coloured 
fid  have  lilcewise  been  widely  denied,  in  accordance  with  the  prevalent 
hCottesis  of  their  vegetable  nature  as  early  phases  of  Algae  and  Fungi ;  but 
fatterly  Cohn  has  witnessed  the  entry  of  coloured  particles  mto  their  "^teno^- 
a  eSciLstance  eonfii-med  by  Lachmann,  who  moreover  adds  that  he  has  twice 
obseS  Monadina  wHch  contained  a  smaU  Diatom  the  excretion  of  which 
L  thTvicinity  of  the  posterior  extremity,  taking  place  soon  afterwai-ds,  ^so 
made  hSn  consider  the  existence  of  an  anus  probable.  Scli^e^<i™«J^f 
S  olSoms  Paramecmm  one  or  two  reddish  Unes  runnmg  from  the  mden- 
Stion  into  wHch  the  filaments  were  fixed,  to  the  opposite  end,  and,  from  a 
comnarSonTf  these  with  the  process  of  fission  as  seen  m  5orfo,  concluded 
Shey  were  frirrows  which  gradually  deepen  until  the  animalcule  is  biBected. 
As  dS  this  process  the  being  undergoes  no  change  of  form,  except  m  be- 
As  cf^uing  i  ^  ^  division  takes  place  along  its  whole  length, 
^r^^L..^  must  rea^^^^^^  observation.  The  anterior  end  is  always  a 
SL^  tSer  tL  furrows  coLquently  are  deeper  and  more  distinctly  recog- 
S£  that  part  It  is  only  in  rare  cases,  when  the  division  has  t.ken  place 
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more  slowly  in  some  particular  spot,  that  the  two  segments  must  endeavour 
to  tear  themselves  free,  and  thus,  by  twisting  in  contrary  directions,  di-aw  om- 
attention  to  them.  It  was  without  doubt  a  specimen  of  Cryptomonas  cylinclrica 
in  this  condition  which  Ehi-enberg  conceived  to  be  two  individuals  adhering 
together  and  not  in  the  act  of  fissation.  Dujardin  failed  in  seeing  spontaneous 
fission  among  the  Monadina,  and  thinks  it  more  probable  that  their  multi- 
plication takes  place  by  the  separation  of  a  lobe  or  of  the  termination  of  an 
expansion,  which  his  notion  that  they  are  without  any  sort  of  integument 
presupposes  they  may,  after  the  manner  of  Amcehce,  push  out  from  their  mass. 
The  family  is  distributed  into  nine  genera,  as  follows  ; — 


a 


f  Swiinmiug 


bo 
•I 

a, 
3 


Eye  wanting 


Eye  present 


[■  Single   Monas. 

[  Aggregate  Uvella. 


Single 


I  Microglena. 


Proboscis  one  or 
two   

Proboscides   not  1  ^.y^^.^^^^j.^ 
more  than  tour  J 

Probosoides 


many 


I  Phacelomonas. 


Aggregate  Glenomorum. 

^  EoUing  Dosococcus. 

Lips  present  Cliilomonas. 

Tail  present  Bodo. 

Dujardin  was  unable  to  recognize  all  the  genera  of  Ehrenberg,  and  believed 
that  Micr'oglena,  Phacelomonas,  Glenomorum  and  Doxococciis  appertain  to 
another  family,  and  that  the  distiaction  between  the  genera  Polytoma  and 
Uvella  is  erroneously  deduced  from  the  supposed  fission  of  Polytoma  iu  two 
opposite  directions  and  the  periodical  grouping  of  Uvella.  He  thus  reduced 
the  genera  of  Ehrenberg  to  four  iu  number,  viz.  Monas,  Uvella,  Cliilomonas 
and  Bodo,  the  last  comprehendiag  in  part  his  Hexamita,  Amphimonas  and 
Cercomonas.    The  subjoined  table  represents  the  distribution  he  proposed : — 

MONAJDINA. 

/'Moveable  in  its  en- 
tire length    Monas. 

Thickened,  and 
moveable  only 
towards  the  ex- 

ti-emity    Cyclidium. 

Proceeding  obUquely  from  behind  an  anterior 

prolongation    Chilomonas. 

'A  second  filament  or  lateral  appendage    Ampliimonas. 

A  second  filament  or  posterior  appendage   Cercomonas. 

Two  equal  filaments,  terminating  the  roimded 
angles  of  the  anterior  extremity    Trepomonas. 


Isolated 


A  Single 
FlageUiform 
Pilament. 


Proceeding  from  the  ante- 
rior extremity. 


Several 
Filaments. 


Pour  equal  filaments  in  front,  two  tliicker  be- 
hind   HexamitA. 

A  second  filament  proceeding  from  the  same 
point  as  the  flagelliform  filament,  but  tliicker, 

,    trailing  and  retractile    Heteromii*. 

,  A  filament  and  vibratUe  cilia   Trichomonas. 

Aggi-ogute  (  ^'■•'I'Ps  nlways  free  and  wliirling    Uvella. 

1  Groups  fixed  to  the  extremity  of  a  branching  polypidom    Anthophysa. 
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"  These  generic  distinctions  are,  however,"  Dujardin  veiy  justly  adds, "  en- 
tirely artificial,  and  simply  intended  to  facilitate  the  naming  of  Infusoria  one 
may  have  met  with  in  such  and  such  an  infusion,  and  which,  when  better 
known  may  prove  in  some  instances  only  varieties  of  a  single  species." 

Perty  appends  to  his  history  of  Monadina  the  following  observations  :— 
"  Ehrenberg's  Monadina  are  very  difficult  to  determine ;  many,  hke  Monas 
bicolor  M.  Golpoda,  M.  Enchelys,  M.  Umbra,  M.  hyalina,  M.  ovalis,  M.  Mmt, 
M  cylindrica,  M.  deees,  M.  flavicans,  M.  simplex,  M.  inanis,  and  M.  santillam, 
appear  to  be  only  the  earher  stages  of  other  Monadina,  or  the  young  stages 
of  CUiata.    M.  Or&pusculum  forms  my  genus  Acariceum;  M.  Termo  is  a 
Cercomonas  ;  M.  Guttula  and  M.  vivipara  are  most  likely  varieties  of  the 
multiform  M.  Lens  ;  M.  grandis  and  Microglena  monadina  are  Sporozoids ; 
Monas  ochracea,  M.  erubescens,  M.  vinosa,  and  probably  M.  gliscens  belong  to 
the  genus  Ghromatium  (XIX.  1)  ;  M.  Punctum  is  no  other  than  the  one  fila- 
mentary variety  of  Polytoma ;  M.  socialis  goes  along  with  Cercomonas ;  M. 
tinaens  is  the  young  condition  of  Chlorogonium  evxMorum  ;  Uvella  virescens 
possesses  one  filament  and  no  ciHa ;   U.  Uva  may  be  a  cokm-less  vanety 
of  it  •  U.  Glaucoma  scarcely  belongs  to  the  genus  Uvella,  as  it  has  always 
two  filaments  U.  Bodo  appears  a  developmental  phase  of  Emjlena  viridis  ; 
Polvtoma  Uvella  is  equivalent  to  my  P.  Uva;  Mwroglena  punctifera  is  un- 
known to  me.    The  genus  Doxococcus  I  consider  untenable ;  D.  ruber  and  IJ. 
Pulvisculus  are  merely  resting  forms  of  Astern;  CliUomonas  Volvox  and  C. 
destruens  are  in  aU  probability  embryos  of  Cihata,  and  CJ.  Paramecium  th^ 
hyaline  variety  of  my  Cryptomonas  polymorph  ;  and  Bodoi^  divisible  mto 
Anisonema  (XIX.  8)  and  Cercomonas  (XVIH.  11,  12  20). 

The  new  genera  instituted  by  the  Swiss  naturahst  are  reimmtte  (XIA. 
3),  Mallomonas  (XIX.  4),  Pleuromonas  (XYIII.  25),  ^pzromonas  (X^Tll. 
24),  Menoidium  (XIX.  2),  Chromatimn  (XIX.  1),  and  AcancBiv^n.  Fresenius 
accepts  two  of  these  new  genera,  viz.  Mallomonas  ^nd  Tetramitus,  and  creates 
S  addition  two  others,  Bhabdomonas  and  G^r^/— ,-the  foi-mer  no  identical 
with  the  Khabdomonads  (staff-like  monads)  mentioned  by  Ehrenberg  as  a 

^Te^lctgnr  M^T^^^^^  by  Perty  to  the  number  of  Monadina 

catalolued  by  Ehrenberg  and  Dujardin,  the  nuestion  arises,  whether  the 
forms  named  are  reaUy  chfferent  and  distinguishable.    We  fear  mdeed,  that 
the  icieTsed  number'wiU  rather  perplex  and  enciunber  the  obsei-ver  than 
advance  his  real  knowledge  of  microscopic  forms.    Still  to  make  oui-  resume 
complete,  they  must  be  enumerated.    In  effecting  this,  the  plan  pursued  wJl 
be  To  describe  the  several  genera  admitted  by  Ehrenberg  first  addmg  ^e 
species  noted  by  others,  and  after  these  to  give  the  characters  of  genera  aiid 
spec  es  Constituted  by  Dujardin,  Perty,  or  any  other  natm-al^st:  where  the 
samTbe^ig  has  had  a  secLd  name  given  it,  it  mil  be  added  as  a  synonym 
In  the  systematic  details  we  shall  preserve  the  descnptions  and  m 
teneral  which  appeared  in  the  last  edition,  and  are  largely  borrowed  fiom 
Ehrenberg's  most  valuable  works.    These,  indeed,  are  everywhere  tm^ed 
S  the  pecuHar  hypothesis  of  that  witer,  the  value  and  bearing  of  winch 
Wever  have  been  sufficiently  examined  in  the  first  pai't  of  this  work  to 
reXr  explanations  and  corrections  here  unnecessary      The  description, 
Jwore  of  mouths,  eyes,  stomach  sacs,  glands,  vessels,  hermaphrodite  deve- 
Lment  ova,^nd  of  aU  other  stnictui-es  or  organs  of  higher  animal  orgamza- 
wni  hnve  no  other  value  as  applicable  to  such  special  organs  than  that 
tion,  jf}''^;'^,TZmi  of  eveiy  indi^4du.a  reader  of  the  chapter  on  the 
retro  aiiJ  —  oTthe  Monldina,  who  cn.  draw  for  himself  his  o..i 
inferences  from  the  facts  and  opinions  therein  recorded. 
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Genus  MONAS  (XVIII.  1,  2,  15,  17,  19,  21>-Tlio  animalcules  of  this 
genus-thc  true  Monads-are  described  (see  table)  by  Ehrenberg  as  destitute 
of  an  eye,  with  projecting  lip  and  taU,  and  as  always  swimming  m  the  direction 
of  the  longitudinal  axis  of  the  body,  their  mouth  being  situated  at  the  anterior 
end.  It  is  another  distinguishing  character  of  the  true  Monad,  that  it  is  never 
seen  to  cluster,  like  others  of  its  famUy,  so  as  to  form  a  beriy-hke  mass ;  and 
hence  it  is  designated  single,  in  contradistinction.  Amongst  the  several 
species  distinguished,  some  few  are  green,  yellowish,  or  of  a  reddish  tint; 
but  the  majority  are  colourless ;  colour,  moreover,  is  not  a  characteristic  to 
be  relied  upon.  Monads  may  often  be  present  in  water,  under  inspection,  with- 
out being  seen,  o-sving  to  the  magnifying  power  employed  being  insufficient. 
They  will  be  sought  for  in  vain  with  a  power  of  less  than  300  diameters  ;  and 
even  this,  in  some  cases,  wiU  be  found  insufficient.  They  are,  besides,  as  a 
genus,  difficult  to  be  accurately  determined,  not  only  on  account  of  their  ex- 
ceeding minuteness,  but  because  the  yoimg  of  other  genera  are  so  likely  to  be 
mistaken  for  them, — for  instance,  the  young  of  the  Bacterium,  Vibrio,  Uvella, 
Polytoma,  Panclorina,  Gonium,  &c.,  when  separated  from  their  clusters.  And 
this  difficulty  in  discriminating  them  will  be  more  likely  to  happen  when  they 
are  not  observed  whilst  undergoing  the  process  of  self-division,  or  when  seen 
in  water  containing  but  a  small  number  of  them ;  under  which  circumstances, 
however  anxious  we  may  be  to  ascertain  their  name,  we  must  often  rest  con- 
tented with  probable  simnise.  When  the  water  swarms  with  the  creatures, 
the  decision  will  be  far  easier,  and  more  trustworthy,  since  the  characters  are 
then  more  easily  discoverable,  and  their  possible  variations  appreciable.  The 
observer  may,  however,  be  guided  to  a  certain  extent  by  the  following  rule  : — 
Suppose  that  in  a  di'op  of  water  containing  species  of  the  genus  Vibrio,  Bac- 
terivm,  Uvella,  or  Polytoma  (easily  distinguished  by  their  clustering  forms), 
separate  Monad-like  bodies  were  to  be  observed ;  the  probability  is  that  they 
would  be  either  single  forms,  or  the  young  of  the  clustering  animalcules  ;  and 
if  there  were  no  great  difference  in  the  size  of  the  separate  individuals  and 
those  forming  the  clusters,  this  conclusion  would  be  generally  correct :  and 
this  rule  appUes  equally  to  those  green  Monad-like  creatures  found  amongst 
Pandorimi  and  Gonium.  Chlamidomonas  Pulvisculus,  when  young,  is  very 
deceptive,  and  may  often  be  mistaken  for  an  illoricated  and  eyeless  green 
Monad. 

The  only  locomotive  organ  which  has  been  discovered  in  the  genus  is  the 
single  filiform  proboscis  (filament)  issuing  from  near  the  mouth.  The  numer- 
ous cilia  sometimes  apparent  thereabouts  are  nothing  more  than  this  filament 
in  a  state  of  vibratory  or  rotatory  motion.  This  organ,  Ehrenberg  observes, 
has  a  twofold  office,  one  being  locomotive,  and  the  other  to  provide  the  creatiu'C 
with  food,  and  hence  may  be  called  a  purveying  organ. 

Vacuoles  are  readily  seen  in  some  of  the  species  (e.  g.  M.  Quttula  and  M. 
vivvpara)  without  the  aid  of  coloured  food  ;  in  others  {M.  Termo,  M.  GuttuJa, 
and  M.  socialis),  its  aid  is  required. 

The  propagative  apparatus  Ehrenberg  represented  in  M.  Guttula  and  M. 
vivlpara  to  consist  of  a  vast  number  of  granules  formed  into  a  net-like  mass, 
dispersed  generally  throughout  the  creatui'e,  having  a  comparatively  largo 
spherical  body  (the  nucleus)  which  divides  in  the  process  of  self-fission. 

Monads  multiply  rapidly  by  self-division,  either  transversely,  as  in  Monas 
Guttula,  M.  hyalina,  M.  gliscem,  M,  OJcenii,  and  M.  socialis ;  or  longitudi- 
nally, as  in  M.  Punctum  (XVIII,  2) :  both  methods  have  been  observed  in 
M.  vivipara. 

As  the  members  of  this  genus  are  chiefly  curious  on  account  of  theii-  extreme 
minuteness,  only  the  leading  characters  and  size  of  the  several  species  arc 
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given.  Most  of  them  are  inhabitants  of  water  in  which  organic  matter  is  un- 
dergoing decomposition. 

The  Monads  of  Ehrenberg  are  arranged  under  two  divisions,  according  to 
their  external  form.  The  first  division  contains  all  those  of  a  globular  or  oval 
shape  (globular  Monads)  ;  the  second  those  of  a  lengthened  form,  the  length 
being  more  than  twice  the  breadth  (elongated  Monads). 


A. — Globulab  Monads. 

MoNAS  Orepusculum  (xvni.  1). — The 
smallest  of  all  living  creatures;  of  a 
spheroidal  form,  and  hyaline,  although, 
when  seen  in  masses,  with  the  naked 
eye,  of  a  whitish  hue.  They  are  active, 
and  feed  on  animal  as  well  as  on  vegeta- 
ble substances,  and  are  found  in  water 
holding  animal  matter  in  solution ;  but 
as  decomposition  proceeds,  they  die,  and 
then-  bodies  rise  to  the  sm-face  of  the 
water,  and  form  a  thick  and  colourless 
gelatinous  sti-atimi.  Rarely  1-1200"  in 
diameter ;  never  larger. 

M.  Termo  (M.),  so  named  fi'om  its 
having  been  supposed  to  be  the  limit  of 
animal  organization;  globular,  active, 
herbivorovis  ;  found  in  stagnant  water  ; 
increases  rapidly  where  there  is  an 
abundance  of  vegetable  matter  under- 
going decomposition.  1-6000"  to 
1-12000",  and  less. 

M.  Guttula  (M.). — Roimd,  inactive; 
may  be  preserved  by  di-ying;  12  di- 
gestive vacuoles  seen  by  the  aid  of  in- 
digo or  carmine ;  sm-face  appears  gTanu- 
lated.  In  vessels  of  water  coutainiag 
plants  or  flowers.    1-2300"  or  less. 

M.  vivipara. — Spherical,  inactive.  In 
stagnant  water;  colom-ed.  1-620"  or  less. 

M.  grandis. — Spherical ;  colour  green- 
ish, except  near  the  mouth;  filament 
short,  l-3rd  or  l-4th  the  length  of  the 
body  ;  motion  sluggish.  In  marsh  water, 
very  rare.  1-430". 

M.  hicolor. — Globular;  colomiess,  ex- 
cepting one  or  two  green  spots  within 
it ;  attenuated  anteriorly ;  motion  vacil- 
lating. 1-1440". 

M.  ochracea. — Globular ;  of  a  yeUow- 
ockre  colour.  In  water-coui'ses.  1-6000" 
at  most. 

M.  enibescens.  —  Circulai' ;  rose-co- 
loiired ;  motion  slow  but  continued.  In 
salt  water.  1-1728". 

M.  vinosa. —  Globular,  colour-  of  red 
wine ;  motion  tremulous  ;  rejects  co- 
lom-ed food.  In  vegetable  mfiisions. 
1-12000"  to  1-6000". 

M.  Kolpoda.—Go\om\esH,  oval  or  egg- 
shaped  :  motion  vaciUatm^.  In  water 
in  the  silver  mines  of  Siberia.    \-UW  . 

M.J?wc/te/!»/s.— Colourless ;  continuous 


slow  motion.  In  marsh  water.  1-1200" 
to  1-960". 

M.  Umbra. — Ovate,  colomiess ;  motion 
rapid.  Among  fresh  Confervas.  1-2400" 

M.  hyalina. — Ovate,  colourless;  ac- 
tive, and  seems  to  leap  or  jump.  In  stale 
water  in  glass  vessels.  l-6000"to  1-2880". 

M.  gliscens. — Ovate,  colourless ;  mo- 
tion gliding.  In  infusions  of  the  sting- 
mg-nettle.  1-4500", 

M.  ovalk. — Oval,  colomiess ;  motion 
tremulous.  In  water  fi-om  the  Anodonta 
MoUusca.  1-9600". 

Mica. — Oval,  colourless;  rotary 
and  vacillating  motion.  In  clear  fi-esh- 
water.    1-1440"  to  1-1200". 

M.  Pimctum. — Egg-shaped ;  revolves 
on  its  longitudinal  axis  (xvni.  2)  ;  the 
lower  figure  exhibits  one  imdergoing 
longitudinal  division.  In  water  with 
tannin.  1-1150". 

M.  Semen. — Large,  green,  rather  obo- 
vate,  subcompressed ;  anterior  end  di- 
lated, rounded ;  posterior  attenuated ; 
oral  apertm-e  (!)  ti-iquetral  beneath  the 
fi-ontal  portion;  vibrates  by  numerous 
cilia  (!).  Length  1-48"' ;  motion  vacil- 
lating, slow ;  a  central,  hyaline,  subglo- 
bose  gland ;  ovules  large,  green,  ovate. 
It  readily  shows  by  diffluence  the  ova, 
gland,  and  bacUlai-y  spicula.  Frontal 
end  exhibits  rugae  extending  fi-om  the 
mouth.  With  decaying  Sphagnum  fi-om 
mai-shes,  Berlin.  Surely  this  organism 
is  not  a  Monad. 

B. — ^Elongated  Monads. 

M.  cyUndrica.  —  Solitary,  elongated, 
colom-less ;  motion  revolving.  Li  salt 
water.  1-1150". 

M.  OZ;e«M.— Elongated,  red;  motion 
revolving,  vibratory,  social.  In  running 
water.  1-2300". 

M.  deses. — Conical,  gi-een,  solitary.  In 
water  fi-om  hills.  1-1200". 

M.  socialts.  —  Conical,  colom-less,  so- 
cial.   Li  water-butts.  1-700". 

M.  7?fft>tcfl?is.  —  Ton-shaped ;  social  ; 
motion  gliding.  In  ditch-water.  1-1720". 

M.  simplex. — Spindle-shaped ;  colour- 
less ;  motion  gliding  and  rotaiy.  In 
water  of  the  NUe,  and  at  Beriin.  1-1720". 

M.  inanis. — Fusiform,  colomiess ;  mo- 
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tion  vacillatiug.  In  stagnant  and  foul 
water.  1-8600". 

M.  scintiUans.—Fxisiiovm,  very  active ; 
motion  vacillating.  Amongst  fresh- 
water ConfervfB,  &c.  1-6000"  to  1-4600". 

M.  Bumalii. — Of  a  deep  red  colour ; 
in  vast  numbers  in  the  saltmai-sh-water 
of  the  Mediterranean,  to  which  they 
give  a  deep  blood-colour.  Discovered 
by  M.  Joly. 

Being  desirous  of  making  this  manual  as  complete  as  possible,  the  following 
species,  described  by  M.  Dujardin,  are  inserted ;  but  it  may  be  that  some  of 
them  refer  to  Monads  already  characterized,  but  differently  named. 

M.  nodosa. — Oblong,  in-egular,  nodose, 


M.  prodiy^iosa. — A  very  minute  red 
Monad,  so  named  by  Ehrenberg  from 
its  siu-prisingly  rapid  development.  It 
is  this  animalcule  which  has  produced 
the  blood-like  spots  occasionally  appear- 
ing mysteriously  on  bread  and  other 
farinaceous  substances,  and  which  have 
ever  been  a  cause  of  terror  to  the  super- 
stitious. Cohn  assei-ts  this  organism  to 
be  a  Vibrio,  and  not  a  Monas. 


M.  Lens  (xvm.  10,  21). — Bounded  or 
discoid;  surface  in  appeai-ance  tuber- 
cidar.  1-5200"  to  3-5200".  This  spe- 
cies, one  of  the  most  frequent  in  animal 
or  vegetable  infusions,  has  been  recog- 
nized by  most  of  the  ancient  microgra- 
phers.  It  sends  out  obliquely  a  flagel- 
lifoi-m  filament,  three,  four,  or  even  five 
times  as  long  as  the  body,  andmobile  in  all 
its  length.  Probably=M.  Quttida(pa.v.). 

M.  concava. — Circular,  concave  on  one 
side,  thin  in  the  centre,  margin  tumid ; 
filament  long,  moveable  throughout.  In 
marsh  water,  Toidouse.  1-2080". 

M.  glohulosa  (xvm.  17). — Globular; 
form  mostly  constant ;  compressed  at 
origin  of  filament ;  more  globular  than 
M.  Lens,  and  its  sm-face  smooth.  In  sea- 
water  at  Oette,  France.  1-2000". 

M.  elongata.  —  Elongate ;  nodular, 
flexible,  of  variable  form.  1-1200". 
In  marsh -water. 

M.  attenuata  (■x.'vm..  19). — Ovoid,  ta- 
pering at  each  extremity,  nodular,  va- 
cuolse  large  and  distinct,  as  is  also  its 
filament.    1-1660".  _ 

M.  oUonga. — Ovoid,  oblong,  unequal, 
tubercular,  hollowed  by  vacuolte. 
1-3600".    In  vegetable  infusions. 


tapering  behind,  ti-uncate  in  front,  fida- 
ment  arising  from  centre  of  truncate  ex- 
ti-emity.  1-2170".  In  sea- water  at 
Cette,  France. 

M.  gibbosa. — Oblong,  angulaa*,  in-egu- 
larly  distended  and  gibbose ;  filament 
springing  mostly  from  an  anterior  con- 
striction. Length  1-2000".  In  infri- 
sions  of  gelatine. 

M.  variam. — Oblong,  naiTower  in 
front,  very  soft,  and  variable  in  form. 
1-650"  to  1-700". 

M.  intestinalis. — ^Very  elongated,  foi-m 
constantly  changing,  or  one  end  roimded, 
the  other  tapering  to  terminate  in  a  long 
filament ;  motion  undulatoiy.  1-1600". 
Found  in  the  excrement  of  a  newt 
(^Triton  palniipes).  "I  think  this  is  one 
of  the  species  of  Bodo,  described  by 
Ehi'enberg  as  met  v^ith  in  the  intestines 
of  frogs"  (Duj.). 

M.  Jluida.^ — Soft,  semifluid;  form 
variable,  irregularly  ovoid,  sometimes 
constiicted  posteriorly,  hollowed  by  lai'ge 
vacuoles.  1-2600". 

M.  constricta. — Elongated,  foiu'  or  five 
times  longer  than  broad ;  constricted, 
often  much  so  at  the  centre.  1-1300". 


Pertyhas  distinguished  the  following  Monadiform  beings  by  specific  names 

of  M. 


MoNAS  curvata. — A  variety 
Letis ;  tapering  posteriorly. 

M.  astasioides. — Of  variable  form,  often 
with  one  or  two  longitudinal  lines,  and 
a  central  vacuole.  1-1340". 

M.  irregularis. — more  or  less  globular, 
sometimes  with  capillary  or  angular  pro- 
cesses ;  numerous  dark  internal  mole- 
cules. 1-2000"  to  1-1250".  In  ponds, 
Berne. 

M.  pileatorum.  —  IiTegularly  oval  ; 
pointed  anteriorly;  colourless;  motor  fila- 
ment shoi-t,  scarcely  I  J-  times  the  length 
of  the  body ;  movement  sluggish ;  nearly 
resembles  M.  socialii.  1-1400". 

M.  succisa. — Oval ;  usually  truncate. 


rarely  pointed  behind ;  colouiless,  trans- 
parent, with  large  vacuoles ;  filament 
twice  the  length  of  body;  movement 
active  and  revolving.  In  water  contain- 
ing decomposing  Anodonta,  and  foid 
pond-water.  1-1800". 
_  M.  cordata.  —  Cordate  seen  on  one 
side,  on  another  oval  and  truncate ; 
rounded  anteriorly ;  hj'alino  or  grejash 
from  internal  granules  ;  swims  tolerably 
fast  with  an  oscillating  motion,  and  sel- 
dom revolves ;  occurs  singly  and  not 
often ;  filament  extremely  difficult  to 
see,  more  than  double  the  length  of  the 
body.  1140"  to  1080".  In  freshwater 
ponds. 
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M.  urceolaria. — ^Veiy  small,,  m-ceolate, 
obliquely  emarginate  in  front;  colour- 
less, ti-ansparent,  with  scai-coly  an  ap- 
preciable differentiation  of  substance ; 
filament  indicated  by  the  movement 
produced  in  the  water  at  the  anterior 
extremity;  motion  slow.  1-2640". 
In  brooks  with  Hysginum  pluvialis.  _ 

M.  excavata. — Round  or  oval,  with  a 
conspicuous  speck  in  the  anterior  half; 
colomiess,  or  occupied  with  amorphous 
brownish  or  greenish  matter ;  filaments 
very  fine,  from  2  to  2|  times  longer 
than  the  body.  Motion  active,  in  a 
sti-aight  line,  and  rarely  revolving. 
1-2100"  to  1-1200".  At  Berne,  in  ponds 
among  Chara. 

M.  Rotulus.  —  Elongated,  cylindrical, 
of  a  homogeneous  pale-green  colour; 

Fresenius  has  added  the  following  species  of  Monas  to  the  number  ah-eady 
distinguished : — 


filament  apparently  short ;  onward 
movement  slow,  although  it  revolves 
rapidly  upon  its  long  axis.  1-3000" 
to  1-600". 

M.  Farcimen. — Cylindrical,  gi-eenish, 
with  red  spots ;  flexible ;  onward  move- 
ment and  rotation  rapid.  1-1800" 
to  1-1080". 

M.  ^t7/a.— Globular,  or  slightly  elon- 
gate ;  of  a  dusky-green  or  brown  colour, 
Larger  specimens  at  times  present  a 
clear  areola  around  colom-ed  contents, 
with  vacuoles  in  the  latter ;  progi-ession 
tolerably  fast,  turning  more  rapidly  on 
the  long  axis.  Length  from  1-6000"  to 
1-600".  The  three  species  last  named 
approach  veiy  closely  to  sporozoids  of 
plants. 


Monas  iruncata. — Hyaline,  colom-- 
less ;  figure  oval  and  rounded,  ti-uncate 
anteriorly,  compressed;  one  larger  and 
many  smaller  vacuoles  often  seen,  the 
former  near  the  middle.  The  ti-uncate 
end  supports  two  filaments,  mostly  on 
one  side,  equal  to  or  rather  longer  than 
the  body.  Close  beneath  the  anterior 
margin  a  small  transverse  corpuscle  is 
mostly  visible,  of  a  faint  gi-een  hue,  and, 
some  way  beneath  this,  a  small  conti-actile 
vesicle.  A  side  view  shows  a  slight 
hollow  on  the  under  smi'ace.  Swims 
without  revolving,  and  mostly  in  a 
straight  com-se.  1-150  to  1-100  miUini. 
in  diam. 

M.  consociata. — Ovate,  with  one  end 
tapering  and  trunk-like,  and  terminated 
by  a  filament  more  than  double  the 
length  of  the  body.  The  proxunal  half 
of  this  filament  often  seems  rigid,  and 
only  the  distal  or  tei-minal  half,  which 
is  difficult  to  detect  without  the  use  of 
iodine,  motile.  Body  and  its  corpuscles 
colourless ;  among  the  latter  is  one  pro- 
minent vacuole,  not  conti'actile.  A  mul- 
titude of  these  Monads  occupied  a  trans- 
parent mucoid  matter,  which  was  not 


seen  in  motion.  In  still  spring-water  at 
Walldorf  in  June  and  July.  It  bears  the 
nearest  resemblance  to  Cercomonas  vorti- 
cellaris  (Perty).    1-100  to  1-75  mxllim. 

M.  Oherhauserii. — A  carmine-coloured 
Monad  found  in  the  sulphm'eous  spiing 
at  Franlrfort,  allied  to  3Io7ias  Okenii 
(Ehr.),  and  possibly  the  same  as  Cliro- 
matium  Weissii  (Perty).  Cylindrical, 
roimded  at  each  end,  hyaline;  faintly 
carmine-colom-ed,  with  a  variable  num- 
ber of  intensely  crimson  globules  inter- 
nally. Some  specimens,  however,  have 
only  a  homogeneous  red  colour.  Trans- 
verse fission  fr-equently  seen.  It  rotates 
rapidly,  and  advances  with  a  tumbling 
sort  of  movement,  no  doubt  by  means  of 
a  filament ;  but  this  eludes  observation. 
1-83  to  1-46  miUimeti-e. 

M.  hipunctata.  —  A  much  smaller 
species  was  foimd  in  the  same  glass  with 
the  preceding,  having  a  red  colom-,  an 
elongated  oval  figm-e,  and  a  red  point 
at  each  end.  Longer  specmiens  were 
noticed  with  foiu-  such  red  pomts,  which 
might  be  in  the  act  of  fission.  This 
form  may  be  the  same  as  the  3Ionas 
rosea  of  MoiTcn. 


Genus  UVELLA  (XYIII.  3,  4).— WeU  characterized  by  the  aggregating 
together  occasionally  of  the  individuid  Monads,  so  as  to  foi-m  a  gr^Pe-  o^' 
mulberry-like  mass,  and  by  their  generaUy  possessing  two  (?)  hair-hke  Ma- 
raents  at  the  mouth.  Like  the  Monads,  says  Ehrenberg,  they  ai-e  deficient  ot 
the  nroiecting  lips,  visual  organ,  and  taU,  and  have  the  mouth  situated  at  the 
anterior  extremity.  They  progress  also  in  the  direction  of  the  longer  axis  of 
their  body,  and  aie  capable  of  complete  self-division.  Of  the  several  species, 
three  are  green,  and  the  remainder  colomdess.  ,  • 

This  genus  belongs  to  the  Aggregate  Monadina  of  Dnjardm,  tmd  is  thu. 
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defined  by  him  :— "  animals  globular  or  ovoid,  having  a  single  flagelliform  fila- 
ment, and  living  aggregated  in  spherical  masses,  freely  moving  about  in  the 
liquid."  He  fiu'ther  observes  that  isolated  individuals  are  not  at  all  distinguish- 
able from  simple  Monads,  that  there  is  no  good  reason  to  suppose  them  to  live 
alternately  isolated  and  iji  masses — a  cu'cumstance  therefore  which  cannot, 
according  to  Ehrenberg's  statement,  be  employed  to  distinguish  them  from 
Polytoma. 

Biisk  describes  an  early  stage  of  development  of  Volvox  Splicerosira  as 
constituting  "  a  species  of  the  genus  Uvella,  or  of  Syncrijpta,  Ehrenberg  " 
(M.  T.  vol.  i.  p.  40).  Again,  Cohn  (on  Protococcus,  Bay  Soc.  1853,  p.  559) 
makes  one  of  the  multiform  phases  of  development  of  Protococcus  pluvialis, 
"  when  the  zoospore  is  divided  into  thirty-two  segments,"  equivalent  to  a 
Uvella  or  Syncrypta. 

Perty,  in  his  account  of  Uvella  virescens,  denies  the  existence  of  a  common 
envelope,  stating  that  when  the  water  evaporates  from  around  a  specimen, 
the  coverings  of  each  individual  corpuscle  coalesce,  and  give  rise  to  the  appear- 
ance of  a  general  investment  around  them.  He  adds,  moreover,  that  at 
times  the  corpuscles  are  gi'een,  with  a  clear  central  stripe ;  at  others,  hyaline 
with  a  distinct  green  border,  and  some  scattered  specks ;  and  at  others,  again, 
hyaline  throughout. 

Dujardin  describes  only  two  species,  viz.  U.  virescens,  and  U.  rosacea  =  U. 
Glaucoma  (Ehr.),    Perty  contributes  to  the  list  U.  stigmalica. 


Uvella  virescens  (Volvox  Ulva,  M.). 
— Ovate,  colour  green,  occurs  in  dense 
clusters  amongst  Confervse  and  Lemnse. 
1-2000"  ;  diam.  of  cluster  1-280." 

U.  ChapicB77iorum. — Smaller  than  the 
preceding  one.  In  water-butts. 
1-2880" ;  diam.  of  cluster  1-570". 

U.  Uva. — Has  indistinct  vesicles,  and 
is  very  small.  In  stagnant  water. 
1-4800";  diam.  of  cluster  1-960". 

U.  atomus  (Manas  atomus,  M.  Lens  et 
Volvox  socialis,  M.). — Voracious,  with 
large  vesicles.  1-6900"  to  1-3406"; 
diam.  of  cluster  1-1150". 

U.  Glaucoina  (Volcox  socialis,  M.). — 
Oral,  inclining  to  conical ;  as  it  advances 
in  age  the  posterior  extremity  is  attenu- 
ated, and  an  elongated  outline  is  assumed. 
Hyaline,  with  large  vesicles,  and  two 
evident  filaments :  individuals  loosely 
aggregated.  In  1831,  Ehrenberg  first 
observed  a  vibration  at  its  anterior  part, 
and  its  reception  of  coloured  food.  In 
1835,  he  discovered  within  the  body  of 
this  minute  creature  some  green  Monads 


which  it  had  swallowed.  When  fed  on 
indigo,  as  many  as  twelve  vesicles  were 
filled,  and  it  was  sometimes  seen  to  void 
little  blue  pai"ticles,  like  undigested 
matter,  firom  its  mouth.  With  a  power 
of  800  diameters,  a  great  number  of  small 
colourless  granules,  which  he  called  ova, 
were  discerned  lying  between  the  nutri- 
tive sacs.  Fission  both  transverse  and 
longitudinal  (xvm.  3,  4 :  figui'es  mag- 
nified about  350  diameters).  In  water- 
butts.  1-2300"  to  1-2350";  diam.  of 
cluster  1-430". 

U.  Bodo. — Roimded  in  front,  attenu- 
ated posteriorly;  colour  a  beautiful 
green.  In  stagnant  water.  1-4030"  to 
1-3450"  ;  diam.  of  cluster  1-2350". 

U.  stiffmalica  (Perty). — Corpuscles  of 
a  imiform  sea-gTeen  coloiu ;  each  with 
a  very  fine  red  stigma.  They  are  also 
somewhat  broader  than  those  of  U. 
virescens,  and  have  a  more  decidedly 
hj'aline  and  apparently  cremdated  enve- 
lope. At  Berne  much  rai'er  than  U. 
virescens. 


Genus  MICROGLENA  (XVIII.  6).— Characterized  by  the  presence  of  a 
minute  red  cye-Hke  speck  at  the  anterior  part  of  the  body.  In  other  respects 
the  species  resemble  tme  Monads,  having  a  very  delicate  filament,  no  pro- 
jecting hps  and  tail,  and  swim  in  the  direction  of  the  long  axis  of  the  body. 
They  multiply  by  complete  self-division.  Two  species  only  arc  Imown— the 
one  yellow,  and  the  other  green. 

MicROGLENA  puncfi/era  {Enchelys  Eye-speck  red  with  a  blackish  central 
punctifera,  M.).— Yellowish,  oval,  or  al-  spot.  Among  slimy-water  plants.  1-620". 
most  conical ;  posterior  extremity  acute.       M.  monadina.—Oi  a  beautiful  green  • 
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form  ovate,  rounded  equally  at  both  ex- 
tremities ;  red  stigma ;  filament  distinct, 
neai'ly  as  long  as  its  body ;  motion  vibrat- 
ing, rotaiy  on  its  long  axis.  (xrai.  6. 
Three  animalcules  magnified,  the  first 


800  diameters,  exhibiting  the  internal 
organization  as  represented  by  Ehren- 
berg.)  Among  slimy-water  plants 
(Ilampstead  and  Finchley).  1-2300" 
to  1-720". 


Genus  CHLORASTER.— Solitary,  without  tail;  mouth  terminal;  with  a 
frontal  ocellus  or  eye-speck ;  central  portion  of  body  with  radiating  rows  of 
raised  points  (verruca?).  It  is  allied  to  the  genera  Glenomorum  and  Phacelo- 
monas,  but  differs  from  the  former  by  being  solitaiy  (not  clustering),  and  by 
the  greater  number  of  fUaments,  and  from  Phacelomonas  by  having  fewer 
filaments. 


Chxobastbb  gyram. — Green ;  central 
part    of   body  ifusiform;  extremities 


acute;  central  rays  of  puncta  four. 
Filaments  from  4  to  5".  1-632". 


Genus  PHACELOMONAS.— Filaments  numerous  (8-10)  around  the  mouth. 
In  other  respects  it  resembles  Microglena :  it  has  the  smaU  red  eye,  the  trun- 
cated mouth  at  the  anterior  extremity,  but  is  without  a  tail.  It  swims 
in  the  direction  of  the  longitudinal  axis  ;  and  its  self-division  is  simple  and 
complete,  but  not  constant  in  occurrence.  Many  vacuoles  are  seen  within 
the  body,  but  they  have  not  been  noticed  to  admit  coloured  food,  ihis  genus 
has  not  been  figured  by  Ehrenberg. 


when  dying  it  changes  to  a  globular 
shape.  In  swinmiing,  it  tm-ns  quickly 
upon  its  longitudinal  axis,  without  any 
vibration.  Li  green  puddles.  1-1152". 
Ph.  Bodo  (Stein)  =  TJvella  Bodo  (E.). 


Phacelomonas  Pulviscidus  {Monas 
pidvisculus,  M.).— Figure  oblong  or 
slio-htly  conical,  attenuated  posteriorly ; 
of°a  beautiful  green  colom-.  Just  pre- 
vious to  self-division,  its  body  becomes 
cylindrical,  then  contracts  at  the  centre ; 

Genus  GLENOMOEUM  (XYIII.  7).— Characterized  by  haying  a  smgle 
red  eye-speck,  a  tmncated  mouth,  and  two  filaments ;  tail  absent,  bell- 
division  simple  and  complete;  their  clustering  is  voluntary  as  occasion  may 
r^qire,  and  gives  them  the  resemblance  to  a  bunch  of  grapes.  They  swun 
in  the  direction  of  their  long  axis.  ,      .     ^  • 

In  tHs  enumeration  of  the  characters  belongmg  to  this  genus,  we  are  pre- 
sented with  an  exceUent  illusti-ation  of  the  table  (and  one  that  exceedingly 
well  explains  its  use),  underwhich  aU  the  genera  of  the  family  Monadina  are 
so  arranged  as  to  exemphfy  in  what  respects  they  are  ahke  and  in  what  they 
Sffer  from  each  other.  For  example  (see  Table,  p.  487)  Ghnomorum 
closely  resembles  Uvella,  but  differs  from  it  by  the  superaddition  of  the  red 
stiema-  it  differs  fi-om  ikfonas  and  Microglena  in  occasionaUy  aggregating ; 
from  Chilomonas,  in  being  deficient  of  the  projecting  Hps_;  from  Bodo,  m  not 
having  the  tail ;  from  Phacelomonas,  by  the  double  proboscis ;  from  Doxoco^us, 
bv  ST^dmming  instead  of  rolling  over  or  revolving  in  the  water ;_  and  from 
Polytoma,  by  never  appearing  in  clusters  whilst  undergomg  self-division. 

from  the  anterior  exti-emity  of  the  body. 
These  animalcules  constitute  a  great 
portion  of  the  gi-een  matter  commonly 
seen  on  stagnant  water,  and  discovered 
by  Priestley.  They  appear  to  be  nearly 
allied  to  Cercaria  vii-uiis,  from  which 
they  differ  only  in  magnitude  and  m 
the  unalterable  form  of  their  bodies. 
Plentiful  at  Hampstead.  Size  1-3600 
to  1-1700". 


GLENOMOBtrM  tmgens  (xvin.  7).  — 
Fusiform,  three  or  four  times  longer  than 
broad,  of  a  beautiful  green  colom-,  with 
double,  exceedingly  delicate  proboscis 
about  half  the  length  of  its  body.  Inter- 
nally are  some  small  wliitish  vesicles, 
and  the  minute  granides  which  give  iise 
to  the  green  colour.  About  the  centre 
of  the  body  is  a  large  transparent  colom-- 
less  organ,  the  nucleus.  The  beaiitiful 
red  eye-speck  is  placed  about  one-third 
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Genus  DOXOCOCCUS.— The  Monads  forming  this  genus  differ  from  all 
others  of  the  family  Monadina  by  the  singularity  of  theii-  motion,  which  may 
be  defined  to  be  neither  that  of  swimming  nor  of  rotation,  but  a  sort  of  roll- 
ing over  and  over.  In  other  particulars  they  are  lilce  other  Monads  :  they 
have  the  same  imvarying  form,  and  are  destitute  of  the  eye-speck,  project- 
ing lips,  and  tail ;  and  self-diyision  is  simple  and  complete.  Four  species  are 
known. 


DoxococcTTS  Globulus.  —  Subglobose 
or  ovate;  transpai-ent  as  water;  easily 
known  by  its  tedioiis  rolling  motion; 
mouth  not  discerned.  In  salt  water. 
1-860". 

D.  niber  (xvm,  8). — Brick-red,  glo- 
bular, and  opaque.  Eha-enberg  appears 
to  doubt  whether  this  animalcule  be- 
longs here  (though  its  motion  is  very 
pecidiar)  or  to  the  genus  Trachelomo- 


nas ;  and  he  has  not  been  able  to  satisfy 
himself  of  the  existence  of  a  lorica. 
Amongst  Conferva,  &c.  1-1720". 

D.  Pulvisculus. — Green,  perfectly  (?) 
globular,  and  opaque.  Amongst  Con- 
fervas.   Not  exceeding  1-1280". 

D.  inequalis.  —  In'egularly  globular, 
transparent,  and  covered  with  green 
spots.    Amongst  Confervas.  1-2400". 


Genus  CHILOMONAS  (XYIII.  14,  18).— Characterized  by  the  obUquity 
of  the  mouth  with  respect  to  the  longitudinal  axis  of  the  body,  which  occasions 
a  projection  above  the  mouth  of  a  lip-Eke  appearance.  Motion  in  the  direction 
of  the  long  axis  of  the  body ;  form  invariable ;  devoid  both  of  eye-speck  and 
tail.  "Whether  the  projecting  lip  is  furnished  with  cilia,  or  with  a  double 
filament,  Ehrenberg  has  not  satisfactorily  determined,  except  in  the  case  of 
C.  Paramecium,  in  which  he  states  two  filaments  are  to  be  clearly  seen.  On 
C.  destruens  there  are  a  number  of  indistinct  cilia.  Self-division  is  simple  and 
complete. 

Dujardin's  characters  of  this  genus  are,  "Animals  with  an  ovoid,  oblong 
body,  obhquely  notched  in  front,  with  a  very  slender  filament  proceeding  from 
the  bottom  of  the  notch.  Movement  from  before  backwards,  on  its  centre. 
It  is  with  doubt  that  I  refer  the  Infusoria  I  thus  name  to  the  genus  Chilo- 
monas  of  Ehrenberg.  The  mode  of  insertion  of  the  filament  behind  a  pro- 
jecting Kp-like  portion,  approaches  the  animals  to  the  Euglenai  and  to  certain 
Thecamonadina ;  but  I  cannot  discover  any  trace  of  an  integument,  either 
contractile  or  resistant." 


Chilomonas  Volvox. — Ovate,  attenu- 
ated and  tiimcated  anteriorly,  trans- 
parent and  coloiu-less  ;  prm  acting  lip 
long ;  will  feed  on  indigo.  In  stagnant 
water.  1-1440". 

C.  Paramecium  (xvin.  14). — Oblong 
or  ovate,  wider  at  one  end  than  at  the 
other,  keeled  longitudinally ;  colom'  like 
that  of  du'ty  water.  The  contained  gi"a- 
nules  have  the  reaction  of  starch.  At  the 
posterior  end  a  clear  nucleus  with  a  red- 
dish halo  may  be  observed ;  and  at  the 
anterior  is  a  reddish  vesicle,  probably  con- 
tractile. It  refuses  coloured  food.  This 
animalcule  is  easily  distinguished  by  its 
shape  and  peculiar  lip-like  process.  With 
a  power  of  about  240,  numerous  vesicles 
are  visible,  and  with  .380  the  two  fila- 
ments, which  are  half  the  length  of  the 
body,  and  proceed  from  a  sinus  in  the 
wider  end.  It  moves  in  the  direction  of 
its  long  axis,  in  a  fluctuating  or  waver- 


ing manner.  It  sometimes  clusters.  In 
water  wherein  wheaten  bread  has  been 
steeped.  1-1020".  The  colomless  va- 
riety of  this  species  is  enumerated  by 
Perty  as  one  of  the  many  forms  of  his 
Oryptomonas  polymorpha, 

C.  chstruens.— Oblong,  but  variable  in 
form,  on  accovmt  of  its  softness,  neai-ly 
colourless  or  faint  yellow.  In  salt  and 
fresh  water,  and  in  the  bodies  of  dead 
Eotatoria,  e.  g.  Anuraa  foliacca  and 
Monocerca  Rattics.  1-860". 

C.  granulosa  (Duj.)  (xviii.  18). — Co- 
lomless, oblong,  larger  anteriorly,  al- 
most invariable  in  form,  although  of  ge- 
latinous consistence ;  filled  mth  graniQea 
which  seem  to  project  from  its  sm-face ; 
filament  very  fine,  arising  from  an  ob- 
lique notch.    1-940"  to  1-850". 

C.  obKqua. — Ovoid  or  pyrifonn,  no- 
dular, of  variable  form ;  the  filament  la- 
teral. 1-2600". 
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Genus  BODO  (XVIII.  9).— The  caudal  appendage  at  the  posterior  extremity 
on^^Tr^^^^C^l  a  deisive  character  of  the  genus  ;  ^oui^^^^^^^^  f  - 
nished  with  a  (single?)  filament;  self-dmsion  simple  and  complete,  eye 
^,eck  aSent    They  never  constitute  time  or  perfect  clusters  like  some  of 
tfe  Monadinl,  although,  lilce  Uvella,  they  occasionally  aggregate.  In 

B  ar^l  several  vacuoles  have  been  observed,  and  (as  also  in  B.  ^nte^i^^hs) 
fSle  (perhaps  double?)  filament.  B.  didym^^  has  been  known  to  divide 

t5s  eeius  Bodo  partly  comprehends  the  genera  Hexamita,  AmpJimonas, 
J^eZmonas  oi  Dujardin,  which  are,  with  others,  introduced  as  addenda 
?ftlS  Sy  Monadina.  Dr.  Bui-nett  has  made  the  foUowing  very  correct 
nT,d  iust  remarks  on  this  genus  Bodo  and  its  division  into  species :- 

"ffe  tS  Monads  or  Bodos  are  found  in  the  intestines  of  the  common  house- 
fly oHn  those  7Z  fi'og.  Those  from  the  fl/'-^^\fi^«V'^'".ir:nri  mO?h 

have  sometimes  met  mth  them  i^™!^ ^^te  granules  that  pass 
strengly  P^'^^'Sls"  'm"  ™l3ives  of  the  gJ«s  Sodo  therefore 
aXS  to  b  sf  ^llSis,  e^h  7tl.  a  fflifom  append'^e  'or  loeomofen,  and 
SloeometJ,  therefore  ean  ^'-^.^'^^^'^^^^  different loesli- 
«  There  are  differences  m  them  as  they  ""^JJS  by  dilata- 

ties;  hut,  because  tb^»  P-^^^  ^        SS'  et  Ss  o/species. 

tSch"^;2'rrrL*f~Sal  having  no  indiyiduaHiy  of  the. 
rr.^ere  is  necessarily  no  ah»nec  of  'ype  - 
Bono  intestinalis  (xvm.  9).— Almost 


species,  and  with  the  Bursaria  ranarum. 

conical,  transparent,  and coloiu-less ;  taU  ^"iT , .•; •    _Gi.een,  neai-ly  globular; 

of  e^ual  lengt>  with  the  body.    Foimd  ^         ^^Ul^^'l^nongst'  Conferv^. 

in  several  living  animals,  such  as  fiogs  jery           ^^lieves  this  species  to 

and  toads.    Amongst  the  watery  mucus  Jf       ;  ,  ^Ve  ^oung  of 

of  the  alimentary  caiial  Ehrenberg  has  ^e  mereij  «ie  ^     g  M.).-Ovate 

obsei-ved  gi-eat  -f-'^Zt  'l^Ce^^^^^  or^ibgrboseS  tail  often  longer  than  the 
tares,  and  remarks  that  the  Ce/  cana  '  .gut  and  coloinless.  Clus- 
Gyrim^  of  Midler  (a  different  ani^^^^^^^  I  mleiTy  shape.  Single  fomis 
^  ™Ss  S%L'^it"Srn?orde1  rsreimes  obLveS  hopjiag.,  Coin- 
er rSotreriith  Spermatozoa,  -n  in  .^ant  w^^^^^^^^^^^^ 
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B.  didymus.  —  Gonorally  constricted 
about  midway,  tail  short.  1-9600". 

B.  saltans. — Very  small ;  body  with 
ample  ventricles ;  tail  short.  This 
creatiu-e,  most  probably  from  its  small 
size,  has  been  mistaken  for  Miiller's 
3Ivnas  Tenno ;  but  its  brisk  leaping-  move- 
ment will  sufficiently  distinguish  it. 
1-1200". 

B.  grandis. — Oblong- ;  vesicles  ample  ; 
tail  rigid,  setaceous,  affixed  to  the  abdo- 
men. In  stagnant  water.  1-864". 
Lachmann  states  that  an  animal  which 
was  probably  Bodo  f/randis,  but  might 
have  been  an  Astasia,  devoured  Vibrio 
of  two  to  four  times  its  own  length, 
and  in  this  way  acquired  the  most 
extraordinary  fomis ;  the  mouth  was 


close  to  the  insertion  of  the  flagelluni. 

B.  ostreee  (Pritcliard). — Globular ;  the 
anterior  three-fourths  occupied  with  ve- 
sicles, the  rest  hyaline ;  length  of  tail 
four  times  the  diameter  of  body.  This 
active  creature  was  discovered  in  the 
liquor  of  an  oyster,  swimming  freely 
among  the  ova  (Sept.  1834).  Diam. 
1-2000". 

B.  ?  Mastix  (Ehr.).— Obovate,  tiu-gid, 
smooth;  terminal  seta  flexuose,  acute, 
exceeding  some  two  or  three  times  the 
leng-th  of  the  body.  Length  1-48'"  to 
1-30"',  with  the  filament  1-20"'.  The 
filament  trails  behind  ;  motion  slow,  not 
leaping.  This  is  the  largest  fomi  of  £odo 
observed  by  Ehrenberg.  Found  about 
Sphag-num. 


The  following  genera,  named  and  described  by  Dujardin,  are  introduced 
into  his  family  Monadina  : — 

Genus  CYCLIDIUM  (D.)  (XXYI.  14,  15).— Body  discoid,  compressed,  or 
lamelliform,  scarcely  variable  ;  the  filament  thicker  and  more  rigid  near  the 
base  than  that  of  Monas,  the  free  extremity  only  being  moved. 

This  genus  is  as  yet  but  artificial,  and  indeed  provisional ;  for  true  Monads 
perfectly  developed  may  possess  a  filament  with  a  thicker  base,  and,  again, 
the  constant  outline  of  the  body  may  be  the  consequence  of  the  presence  of 
an  integument — in  which  case  the  animalcules  in  question  would  be  referable 
to  the  fanuly  Thecamonadina.    Movement  slow  and  uniform. 

It  is  to  be  regretted  that  Dujardin  uses  this  generic  name,  as  Ehrenberg 
previously  emjDloyed  it  to  designate  certain  ciliated  animalcules  which  cor- 
respond but  partially  with  those  of  Dujardin.  Indeed  this  naturalist  ob- 
serves that  "  the  genus  Cyclidium  (Ehr.)  contains  Monads  also,  and  very 
probably  some  of  those  to  which  I  have  applied  the  same  '  generic  '  name." 

nodular,  in-egularly  bent,  with  a  tumid 
border.    1-1800"  to  1-800". 

"This  species  is  perhaps  only  one  phase 
of  development  of  Monas  Lens ;  it  was 
foimd  in  Seine  water  kept  diuing  three 
months.  When  young  it  lias  the  fonn 
of  a  disk,  with  a  tiimid  and  nodidar 
margin ;  when,  however,  it  has  grown 
larger,  it  becomes  twisted  upon  itself, 
and  its  movements  irregular.  Some  in- 
dividuals offered  a  certain  affinity  witli 
the  Trepomonads,  which  favours  the 
opinion  already  advanced,  that  the  ma- 
jority of  the  Monadina  are  but  modifica- 
tions of  one  or  of  several  types." 


CYCLrDruM  nodulosum  (Duj.).  — 
Flattened,  discoid,  with  rows  of  nodules 
and  vacuoles;  movement  extremely 
slow.  Length  1-5200".  In  water  from 
the  Seine. 

C.  ahscissum  (Duj.)  (xxvr.  15). — 
Membranous,  lamelliform,  truncated 
posteriorly;  filament  rigid;  movement 
slow,  regular.  1-1040". 

C.  crassum  (Duj.). — Oval,  thick,  and 
rounded ;  filament  thickened  at  its  base 
and  rather  sinuous ;  movements  more 
Length  of  fila- 


1-1090.' 

ment  1-600"T 

C.  distortuni  (Duj.)  (xx\a.  14)  ( = 
Spiromonas  volubdts,  Perty). — Oval,  flat. 

Genus  CERCOMONAS  (D.)  (XVIII.  11,  12,  20,  22,  23).— Body  rounded 
or  discoid,  tubercular,  with  a  posterior  variable  process  in  the  form  of  a  tail, 
of  greater  or  less  length  and  fineness. 

ITie  Ccrcomonads  differ  from  the  Monads  by  the  posterior  prolongation, 
which  sei-ves,  by  the  adhesion  of  its  extremity,  as  a  point  of  support :  it  occurs 
either  as  a  very  fine  thread  or  contracted  into  a  small  tubercle ;  it  is  some- 
times nearly  as  fine  as  the  anterior  filament,  and  susceptible  of  au  undulatory 
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motion.    I  have  not  unfrcquently  witnessed  the  transition  of  Monads  to  the 

condition  of  Cercomonads.  .     •,    ,      .      -i,  i  •  „„„„c, 

We  may  conchide  that  many  of  the  animalcules  descnhed  m  the  genus 
Bodo  (Ehr.)  are  examples  of  this  genus  {Cercomonas,  Duj.),  although  suffi- 
ciently marked  characters  are  wanting  in  order  to  discover  specific  identity. 

moved.  Length  1-2600".  In  marsh- 
water. 

C.  longicauda  (xvra.  22).— Fusiform, 
flexihle,  terminated  posteriorly  hy  a  long 
and  very  slender  flexuose  filament. 
1-1800". 

C.  /t«st/b?-OTis.— Dilated  at  centi-e,  con 


CebCOMONAS  detracta. —T)\sco\A  or 
ohlono-,  OT-anidar,  with  a  thick  tail. 
1-7000"  to  1-2300". 

C.  crassicauda.  —  Elongated,  nodular, 
flexible,  or  variable  in  form,  more  or 
less  conti-acted  posteriorly  into  a  tail. 
1-3400"  to  1-2600". 

C.  viridis— Ovoid,  oblong,  tubercular, 
green,  prolonged  posteriorly  into  a  tail 
of  varying  tenuity,  or  iato  a  roimded 
lobe  or  spathulate  expansion.  1-1500". 
Perty  believes  this  to  be  no  other  than 
an  early  stage  of  development  of  Euglena 

viridis.  . 

C.  Zacrywza.— Globidar,  unequal,  elon- 
eated  posteriorly  as  a  long  flexuose  tail. 
Leno-th  of  body  1-5200"  to  1-3000" ;  of 
tail  1-2600" ;  of  filament  1-750". 

C.  acuminata  (xvm.  20).— Globular  or 
ovoid,  contracted  posteriorly  into  a  short 
tail,  terminated  by  a  very  fine  filament. 
1-2600"  to  1-1900". 

C.  Globulus  (xvra.  23). —Globular, 
with  a  filament  at  each  extremity  double 
its  length,  the  anterior  one  more  actively 


stricted  in  fi-ont,  and  prolonged  behind 
into  a  long  dehcate  tail.  Length  of  body 
1-1900".  ^  . 

C.  cyKwtZnc^j.  — Elongated,  cylmdn- 
cal,  constricted  posterioriy,  tei-minated 
bv  a  long,  sti-aight,  and  very  thin  tail. 
Length  of  body  1-2600";  of  tail  the  same. 

C.  triincata  (xvra.  12  a,  6).  —  Con- 
tracted posteriorly;  truncate  in  front, 
with  a  filament  spi-inging  fi'om  each  of 
the  truncated  angles;  the  posterior 
anale  extended  more  or  less  into  a 
lobe.    1-3000"  to  1-1900". 

C.  lohata  (xvra.  11  a,  6).— Variable  m 
form,  tubercular,  sending  out  a  flagelli- 
form  filament  from  the  end  of  an  ante- 
rior lobe,  and  emitting  also  one  or  two 
other  lobes.  1-3250"  to  2-3250". 


It  is  right  to  mention  that  Dujardin  has  noted  the  occurrence  of  several  of 
the  above  Cercomonads  in  organic  infusions,  in  conjunction  particularly  with 
'i^rXtanTthat  he  incites  to  the  idea  that  these  ^er-^--^^^" 
fusoria  are  merely  different  conditions  of  the  same  animalcule. 
Perty  adds  the  following  species  :— 
C.  i7destmalis.—B.i\3  a  posterior  vi- 


brating filament,  and  probably  an  ante 
rior  one  also.  Internal  molecules  very 
fine;  body  ti-ansparent ;  posterior  fila- 
ment about  three  times  the  length  oi  the 
body.  Is  common  in  the  intestme  oi  the 
froff,  and  is  in  part  equivalent  to  Bodo 
intestinalis  (-E.).  1-3000" 

C.  cMr?;ato.— Cylindncal,  curved,  with 
an  anterior  and  a  posterior  filament.  In 
some  specimens  apparentiy  two  fila- 
Ss  occiu-red  in  front.  1-2400".  Very 
active :  occiu-s  among  the  ova  of  the 
froff  (Bana  temporaria). 

C.  vorticellaris=Bodo  soctalis  and  B. 

vorticellaris  (E.) 


C.  Ranarum=Bodo  ranamm  ?  (E.)-— 
Colom-less,  soft,  more  or  less  conical; 
tapering  or  roimded  behind,  but  without 
posterior  filament.  In  water  with  Mol- 
lusca,  and  in  the  intestine  of  frogs.  _ 

0.  clavata.  —  Colomless  or  greyish, 
thickened  anteriorly,  tapei-ing  poste- 
riorly, club-shaped;  motion  rather 
quick;  periphery  clearer  than  the 
centi-e.  1-570". 

C.  FaZcM^rt.— Coloiu-less,  ti-ansparent, 
compressed  and  ciu-ved  (?),  much 
widened  in  front,  ti-uncate  and  emar- 
ffinate ;  posterior  portion  tapenng_  to 
I  blunt  apex;  movements  sluggish. 
1-720".- 


I'tTof  are  remarkable,  and  the  variability  m  form  «  cbarae- 

teristic  of  each  species. 
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Amphimonas  elispar  (xvni.  IS  a,  b). — 
Oblong,  of  very  variable  lorm,  one  or  other 
end  constricted,  or  prolonged  laterally 
into  two  filaments.  1-3500"  to  1-2900". 
Movement  active,  jerldng. 

A.  caudata. — Of  very  variable  form, 
mostly  depressed,  tubercidai-,  convex  on 
one  side,  angular  on  the  other,  with  a 
filament  proceeding  from  the  simimit  of 
each  angle.    1-2180"  to  1-1300". 

"  This  species  seems  to  me,"  says  Du- 
jardin,  "to  be  allied  to  the  Bodo  saltans 
of  Ehrenberg.  In  every  example,  I  saw 
two  flageUifonn  filaments,  one  from  the 
anterior,  the  other  from  the  lateral  angle ; 
a  caudiform  prolongation,  obtuse  or  drawn 
out  as  a  third  filament,  often  adhered  to 
the  sUde." 


A.  brachiata. — Under  this  name  is  in- 
dicated an  animalcide  of  the  family  Mo- 
nadina,  which  Dujardin  only  once  met 
with,  of  an  ovoid  or  pyrifoi-m  shape, 
fiUed  with  granules,  and  giving  ofl'  fi-oin 
its  narrower  anterior  end  a  simple  flexu- 
ose  filament,  together  with  a  variable 
dilated  lobe  emitting  two  other  fila- 
ments having  -an  imdulatory  motion. 
The  animal  progressed  by  leaps,  revolv- 
ing at  the  same  time. 

A.  exilis  (Perty). — Colour  soft  grey; 
figure  wedge-shaped,  oftentimes  emar- 
ginate  anteriorly;  filaments  two,  twice 
the  leng-th  of  the  body,  coloiuiess ;  mo- 
tion oscillating.  1-2000". 


Gemis  TEEPOMONAS  (D.)  (XA^II.  16  &  27).— Body  compressed,  thicker 
and  more  rounded  posteriorly ;  its  anterior  extremity  presents  two  thin  lobes, 
bent  to  one  side  and  each  terminated  by  a  fiagelliform  filament,  which  pro- 
duce an  active  whirling  and  jerking  movement. 

"  The  examples  of  this  genus  are  very  common  in  all  collections  of  marsh- 
water  containing  decomposing  plants,  but  are  most  difficult  to  detennine, 
owing  to  the  irregailarity  of  their  form  and  the  rapidity  of  their  movements. 
I  "have  rather  glimpsed  than  certainly  detected  their  flageUiform  filaments, 
and  have  in  vain  attempted  accurately  to  delineate  them." 

Tbepomonas  agilis  (xvm,  16,  27). — Body  gTamdai',  unequal.  1-1300". 

Genus  HEXAMITA  (D.)  (XXVI.  1).— Animals  with  an  oblong  body 
rounded  in  front,  constricted  and  bifid  or  notched  behind.  Two  to  four  fila- 
ments extend  from  the  anterior  border ;  and  the  two  posteiior  lobes  are  pro- 
longed as  two  flexuose  filaments. 

This  genus,  characterized  by  the  number  of  its  motor  filaments,  appears 
sufficiently  distinct  from  the  preceding.  Its  species  occui'  in  decomposing 
marsh-water  and  in  the  intestine  of  Batrachians,  but  not  in  artificial  infu- 
sions. 


which  give  origin  to  the  filaments. 
1-600"  to  1-1300". 

H.  intestinalis. — Fusiform,  prolonged 
into  a  bifid  tail.  Very  common  in  the 
abdominal  cavity  of  the  Batrachia  (frogs 
and  newts).  It  moves  in  a  sti-aight  liu'e, 
oscillating  from  side  to  side. 


Hexaisiita  nodulosa  (xxvi.  1). — Ob- 
long, with  three  or  four  longitudinal 
rows  of  nodules,  the  two  lateral  of  which 
are  extended  into  tapering  slender  lobes, 
each  terminated  by  a  filament;  move- 
ment vacillating.    1-1300"  to  1-1500". 

H.  infiata.  —  Oval  oblong,  rendered 
almost  quadrangadar  by  the  processes 

Genus  HETEROMITA  (D.)  (XXVI.  5 ;  XVIII.  26).— Body  globular, 
ovoid,  or  oblong,  with  two  filaments  extending  from  the  same  point  in  front 
—one  slender,  undulating,  and  producing  an  onward  movement,  the  other 
thicker,  stretching  posteriorly,  and  free,  or  contracting  adhesion  with  the  glass 
shde^  along  which  it  moves,  so  as  to  cause  a  sudden  movement  backwards. 

"  The  several  sections  of  the  Monadina,  together  with  the  Thecamouadina 
and  the  Euglonaj,  contain  Infusoria  possessing  two  filaments,  by  one  of  which 
they  progress,  by  the  other  adhere  for  support  to  any  solid  bodjy,  and  produce 
a  sudden  movement  backwards  by  its  contraction.  To  prevent  confounding 
specimens  of  these  several  families,  the  same  distinctions  which  mark  the 
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Monadina  generaUy,  miist  be  found  in  order  to  constitute  the  Heteromita 
members  of  that  family —such  as  the  absence  of  integument,  the  gelatmous 
appearance  of  the  entire  mass  admitting  of  agglutmation  to  other  objects, 
and  the  drawing  out  of  its  substance  into  filamentous  processes,  together  with 
the  existence  of  certain  coi-puscles,  which  can  only  have  penetrated  the  inte- 
rior as  a  consequence  of  the  formation  of  vacuoles  at  the  surface"  (Duj.)- 


Hetekomita  ovata  (xxvi.  5). — 
Ovate,  naiTOwer  anteriorly,  containing 
vacuoles,  gi-anules,  and  Na^iculffi. 
1-1050"  to  1-1150". 

This  is  probably  the  Bodo  grandis  of 
Ehrenberg.  His  other  Bodos  are  not 
Heteromitce,  but  imperfectly-observed 
Cercomonads  or  Amphimonads. 

H.  Gramitoi.— Globular,  sm-face  gra- 
nular. 1-2600".  In  rather  putiid  sea- 
water. 


H.  angusta.  —  Narrow,  lanceolate, 
slightly  bent,  tapering  at  each  end,  with 
a  flagellifonn  and  a  second  filament  from 
the  same  point  anteriorly,  erect  at  the 
base,  but  floating  fi-eely  the  rest  of  ite 
length.  1-1050". 

This  is  a  doubtful  species ;  it  is  of  the 
shape  of  a  lanceolate  leaf,  with  a  mid- 
rib or  longitudinal  fold. 


The  following  species  are  from  Forty's  work  : — 

like  Ampliimonas  dispar,  in  which,  how- 
ever, both  filaments  are  equal.  In  ponds 
at  Thim. 


H.  23Msi7to.— Colom-less,  very  delicate, 
cylmdrical  or  Euglena-like  in  figm-e, 
constricted  at  the  centre,  often  emargi- 
nate  posteriorly;  filaments  2  to 21  times 
lono-er  than  the  body;  movements  m- 
actfve,  oscillating ;  few  fine  granules  in- 
temaUy.  1-3000"  to  1-2160".  AUied 
to,  but  smaller  than,  H.  angusta,  and 


H.  exigua. — Oval  or  spheroidal,  _  co- 
lourless; filaments  about  three  times 
the  length  of  the  body ;  movements  in- 
active. 1-7000"  to  1-4800".  In  turf- 
hoUows  on  the  Bernese  Alps. 

Genus  TRICHOMONAS  (D.)  (XVm.28).— Body  ovoid  or  globular,  capable 
of  heing  drawn  out  when  adherent,  and  in  this  way  presentmg  sometimes  a 
caudal  prolongation.  The  anterior  flagelHform  filament  is  accompanied  with 
a  group  of  vibratne  cilia 


turning  on  its  axis.  1-1730".  Found  m 
the  intestine  of  Limax  agrestk. 

T.  Batracliiorum  (Perty)  (xvin.28a,  h, 
cT).  —  Widely  oval,  at  times  slightly 
emarginate  in  front,  mostly  with  a  keel 
along  the  back,  colourless,  and  8  to  10 
cilia  on  the  left  side;  resembles  T. 
Limacis,  but  is  more  finely  granular. 
1-2400"  to  1-1300". 


Tbichomonas  vaginalis. — Gelatinous, 
nodular,  unequal,  hollowed  by  vacuoles, 
often  adhering  to  other  bodies ;  move- 
ment oscillatihg.  1-2600". 

T.  Idmaeis.—0\o\A,  smooth,  pouited 
at  each  end,  and  terminating  in  fi-ont  by 
a  flao-eUiform  filament,  from  the  base  oi 
which  a  row  of  vibratile  cUia  is  directed 
backwards ;  progressive  movement  act- 
ive, the  animalcule  at  the  same  time 

Gpnns  ANTHOPHTSA  (D.)  (XXVI.  2).— Animals  ovoid  or  pyriform, 
foSed  vdth  a  s£gle  flagelliform  filament,  and  coUected  in  clusters  at  the 
S^m^tierof  a  branfhing  stem,  or  polypidom,  secreted  by  themselves ;  clusters 

,,hanous  at  the  termination  of  the  branches,  which  appear  nodular.  The 
Ero^s  of  animalcules  are  easily  detached  from  the  stem,  and  then  commcnco 
f  roTtot  Xement  by  the  action  of  the  filaments  of  each  -dmdud  m  he 
a  rotatory  m  ^    animalcules  move  like  the  common  monads  with  a 

^  ?;fii?r^eS  The  Wchm  support,  at  fli-st  soft  and  gelatinous,  becomes 
bv  l^Srinte  consrstent,  bS)wn!'and  of  a  horny  character,  appearing  to 

^ ^Jlr.      Innsrer  of  the  vitality  of  the  animalcules.  „  •  .  7- 

^'?  S!rrs  c^^^^^^  by  Ehrenberg  in  the  ^en^^  Eprstylu, 

'    +1,0  Vnvtirellina,  and  called  E.  vegetans. 
'"Sf  dilate  b^^^^^^     fit^'^  -  ^^"^^^^"'^  ' 
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fimgus,  and  been  named  by  Kiitzing  Stereo-nema.  Upon  this  view,  the 
monadiform  beings  crowning  the  summits  of  the  branches  have  been  con- 
ceived to  represent  the  spores.  This  opinion  has  been  carefully  investigated 
and  rejected  by  Cohn  {Entwiclc.  d.  mihroslcop.  Algen  lo.  Pilze,  pp.  114-115), 
who  confirms  Divjai'din's  description,  and  regards  it  as  a  stalked  Uvella. 

monadiform  beings,  looking  like  so  many 
short  hyaline  iibres.  Each  monad  con- 
tains a  comparatively  large  non-con- 
tractile vacuole  having  a  red  refraction, 
and  is  fm'nished  with  a  filament  at  its 
free  extremity.  Length  of  monads 
1-100  to  1-75  millini. '  The  fixed  stem 
can  bend  itself  from  side  to  side.  In 
one  specimen  a  contractile  vesicle  was 
seenin  one  of  the  monads.  This  organism 
appears  to  be  precisely  the  same  as  the 
Epistylis  Botrytis  (Ehr.), 


Anthophysa  llulkrt.  —  With  the 
characters  described. 

A.  solitaria  (Bory). — A  species  was 
described  under  this  name  by  I3ory  de  St. 
Vincent,  and  is  again  brought  to  notice 
by  Fi'esenius,  who  met  with  it  in  some 
standing  water  with  Salvinia.  The 
stem  is  simple  (not  branched),  and  has 
a  clear  outline  to  its  extremity.  Its 
length  is  from  1-25  to  1-8  millim. ;  and 
in  water  it  has  a  clear  brownish-green 
colom-.    Its  apex  is  smTnounted  by  the 


Genus  PEEONIUM  (Cohn),  represented  by  one  species. 

consists  of  a  delicate  coloiu-less  fibre  sm'- 


Peeontum  aeiculare  has  been  newly 
described  by  Cohn  (JEntwick.  &c.  p.  158) 
as  a  fomi  allied  to  Anthophysa.  It  is 
parasitic  on  the  spores  of  Pihilaria,  and 


moimted  by  a  globular  head,  which  re- 
solves itself  into  nimierous  swarm-cells 
of  a  monadiform  character. 


The  two  next  genera  are  named  by  Werneck  (Monatsbericht  der  Berlin. 
Akad.  1841,  p.  377),  and  thus  briefly  described  : — 

Genus  ANCYE.IUM  =  Enterodelous  Bodos  (i.e.,  according  to  the  nomen- 
clature of  Ehrenberg,  Bodos  ftu-nished  with  an  intestinal  tube)  with  a 
moveable  setaceous  foot. 

The  existence  of  an  alimentary  tube  (so  supposed)  removes  the  Bo  do 
r/mndis  and  the  six  allied  species  (i,  e.  the  genus  Ancyrium)  far  above  the 
Monadina  of  Ehrenberg,  whilst  the  possession  of  the  setaceous  foot  also  indi- 
cates a  higher  organization. 

Genus  EEETES=  Loricated  Phacelomonads, 

The  following  are  the  new  genera  of  Monadina  instituted  by  Perty  • — 
Genus  TETRAMITUS  (Perty)  (XIX.  3).— Pigure  conical,  tapering  pos- 
teriorly, and  having  four  vibratory  filaments  in  front.    Hemmita  difibrs  in 
having  in  addition  two  posterior  filaments. 


Tetbamitus  descissus  (xix.  3).  — 
Wedge-shaped,  curved,  trimcate  ante- 
norly,  and  colourless  or  pale  gi-ey.  Sm-- 
face  marked  by  cross-lines.  Movements 
tolerably  active  and  oscillating.  Fila- 
ments nearly  twice  the  length  of  the 
body.  1-1860". 

T.  rostratus. — Colourless,  with  an  an- 
terior border;  one  side  elongated  aa  a 


prominent  angle  or  beak.  Smallest 
specimens  1-7000",  the  largest  1-lOSO" 
in  len^-th.  Bern.  In  stale  pond-water. 
Fresenius  describes  it  as  rather  pyrifoi-m, 
ti-uncate  anteriorly,  with  a  short  trunk- 
lilte  process  from  one  side ;  elongated  and 
pointed  behind.  A  vesicle  (contractile  ?) 
at  the  anterior  extremit}\ 


Genus  MALLOMONAS  (Perty)  (XIX.  4-6).-Body  oval,  elliptic,  or  discoid, 
with  brown  or  greenish  contents.  Surface  covered  with  long  motionless 
nairs.    A  single  filament  anteriorly,  double  the  length  of  the  body. 

P&s/jV    (XIX.    4-6)   of  the   hairs ;    these   are  commonly 
kn?f  ^  ^  1''""^^'''^  "^J^-  longer  on  the  posterior  half.  Contend 

V-  J  snifiUer  end  anterior;  sometimes  seen  longitudinallv  or  trans- 
laie  y  c  iptic  or  discoid ;  the  periphery  vorsely  divided.  Movomeiita  rather 
nvnUoi;  -^i  c^"'"  •^^'='1— an  appearance  rapid,  but  rarely  attended  by  a  rotation 
piobably  due  to  the  points  of  {nsertion   of  the  body.    In  one  example  the  haii5 
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seemed  tenniuated  by  a  Imob.   It  is  not 
improbaMe  that  Pantotriclmm  Enchelys 
(E.)  is  also  a  member  of  this  genus. 
1-1440"  to  1-960".    Bern.    In  ponds. 
—  A  variety  {M.  epilis)  occurs,  hav- 
ino-  the  haii-s  short  or  actually  absent, 
although  covered  with  little  nodules 
vphich'serve  as  bases  for  hairs.  Frese- 
nius  has  noticed  this  organism.  He 
adds,  the  ends  are  often  pointed.  The 
hairs  or  bristles  are  long,  and  tolerably 
numerous — as  many  as  30  have  been 
coimted,  placed  at  all  parts  of  the  peri- 
phery.   The  anterior  setiform  hairs  are 
most  concerned  in  locomotion;  those 


placed  laterally  either  lie  along  the  sides 
pretty  closely,  or  stand  out  at  a  greater 
or  less  distance,  and  appear  concerned 
chiefly  in  changing  the  position.  The 
two  most  in  advance  seem  to  have  the 
character  of  feelers.    A  clear  vacuole 
was  sometimes  seen  in  the  middle  of  the 
dusky-green  contents.     A  few  small, 
contractile,  optically  red  specks  have 
also  been  observed.    1-720"'  to  1-444"', 
Fresenius  considers  it  ought  to  be  re- 
moved from  the  Monadina;  and  Perty 
is  himself  unable  to  decide  whether  this 
genus  is  referable  to  the  Ciliata  or  to  the 
Phytozoa. 


Genus  PLEUEOMONAS  (Perty)  (XYIII.  25).— Body  reniform,  extremely 
deHcate,smaU,colouiless;  filament  extended  from  the  concave  side  ot  the 
body,  and  three  times  its  length. 


PLEtmoMONAS  jaculans  =  Cliilomonas 
obliqua  (?)  (Duj.)  (xvm.  25).— Coloui- 
less,  transparent,  with  a  few  small  mole- 
cules. Movements  eccentric,  hither 
and  thither  in  a  jerking  and  leaping 


manner,  followed  by  intervals  of  rest. 
Very  young  specimens  are  round. 
1-6000"  to  1-3160".  Bern.  In  stale 
water  and  infusions  of  Lycopodium 
seeds. 


Genus  SPIEOMONAS  (Perty)  (XYIII.  24).— Body  leaf-like,  compressed, 
rounded  at  both  ends,  and  roUed  spirally  on  itself  longitudinally. 

of  Dujardin,  but  is  probably  (as  Dujar- 
din  believes  the  latter  to  be)  merely  a 
phase  of  Monas  Zens.  1-1800"  to 
1-1300".    Bern.    In  foul  water. 


Spiromonas  vohibilis  =  Oyclidium  dis- 
tortum  (Duj.).— Colourless,  transparent, 
smooth,  very  delicate.  Kevolves  rapidly 
on  its  long  axis.  Not  nodular  on  the 
margin,  Ime  the  Cyclidium  distortum 

Genus  MENOIDIUM  (Perty)  (XIX.  2).— Body  smaU,  crescentic,  thicker 
on  tSTolr  or  Zvex  containing  internally  smaH  molecules  and 

vesicles;  colourless,  or  occupied  with  a  Mtle  ehlorophyU. 

MENomiim  pellucidu^n  (xix.  2).- 1  sickle.  Movement  tolerably  ra^^^^^ 
Becalls  by  its  figiu-e  a  little  Clostermm   mg  and  revolvmg.    1-6/0   to  i  . 
lumda;  not  rounded,  but  flattened  like  a  ) 

Genus  CHEOMATIUM  (Perty)  (XIX.  l).-Body  extremely  small,  red, 
brovS'^olft,  or  green  in  Uu'  containing  in  the  mature  condition  son^e 
Sternd  vesicles.  A  motorfilament  at  the  anterior  ^-tremty^).  Mu^fap^^^^^ 
cation  by  transverse  fission.  To  this  genus  Perty  would  refer  the  gieater 
part  of  the  Monads  described  by  Ehrenberg  which  P°««^f ^^^^Jf^^^/t^u; 
and  he  is  in  doubt  whether  they  are  not  aU  rather  referable  to  the  genus 
Bacterium,  as  weH  as  the  next  genus  named,  ^.  ^''^'X  ^onXa  and 
at  present  retains  Cliromatmm  and  Acancmm  among  the  Monadina,  ana 
establishes  two  species  of  the  former. 


Chbomatixjm  Weissii  (xix.  1).  —  Of 
a  violet  or  brownish  colom-,  roimded 
and  trmicate  both  before  and  behind ; 
vesicles  within  sharply  defined.  The 
Monas  Okenii  of  Weisse  is  very  closely 
aUied,  but  still  more  minute.  It  pro- 
girnses  and  revolves  rather  rapidly,  takmg 


a  straight  com-se.  The  vesicles  are  not 
present  in  very  young  snecimens:  they 
first  show  themselves  as  dark  points,  and 
afterwards  assume  the  vesicular  torn. 
Perty  camiot  discover  the  filament  de- 
scribed by  Ehrenberg  in  Mouas  Okemi. 
Eichwaldsays  of  this  species  thatit  swnms 
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backwwds  or  forwards  iudiflerently, — 
a  circumstance  adverse  to  the  existence 
of  a  filament  at  aU.  1-4800"  to  1-2400". 
Occui-s  among  Cliaracese. 

0.  violescem. — Globular'  or  elliptical, 
transparent,  and  of  a  very  pale  violet 
colour.  It  appears  closely  related  to,  al- 
though not  identical  with,  Monas  viuosa 
(E.).  A  filament  coidd  not  be  detected, 
nor  any  internal  organs.    At  Bern,  with 


Chara.  1-14,000"  to  1-3000".  These 
coloured  organisms  form  a  colom-ing 
layer  on  the  mud  at  the  bottom  of 
ponds,  &c.  The  several  species  men- 
tioned by  authors  referable  to  the  genus 
Chrotnatium  are — Monas  rosea,  Morren ; 
Monas  Okenii,  Weisse  ;  Monas  vinosa,  M. 
eruhescens,  M.  ochracea,  and  probably 
M.  prodigiosa  and  M.  gliscena  of  Ehren- 
berg's  category. 


Genus  ACARLEUM. — Extremely  minute,  globular  or  elliptical ;  perfectly 
transparent,  without  a  trace  of  either  external  or  internal  organs. 

movements  in  common  with  those  of  the 
Monads,  but  much  rather  with  those  of 
the  Baeterimn  Termo. 


AcAB,La:xjM  Crepusculum  =  Monas  Ore- 
pmculum  (E.). — They  swim  rapidly  past 
each  other,  yet  have  nothing  in  theu- 


Genus  EHAEDOMOJSTAS  (Eresenius). 


RBAjBDOMONAS  incurva.  —  Stout, 
elongated  and  cylindrical,  slightly  fal- 
cate ;  anterior  extremity  rather  the 
thicker  J  three  prominent  longitudinal 
ridges ;  green  vesicles  or  granides  occupy 
the  anterior  half  of  the  body ;  progresses 


in  a  straight  line,  with  a  rotary  or  semi- 
rotary  motion  on  its  long  axis ;  filament 
11  the  length  of  the  body.  1-60  to 
1-50  millim.  In  stagnant  water  with 
Confervffi,  &c. 


Genus  GEYJOEA  (Fresenius). 

Gbym^a  vaeillans. — Coloiu'less,  hya- 
line, compressed;  when  seen  on  its  fiat  side 
its  outline  is  cii'cular,  but  on  the  naiTow 
side,  pyriform,  the  posterior  compressed 
portion  gradually  thickening  towards  the 
thicker  front  part.    Advances  with  the 


thick  end  foremost,  slowly  revolving  on 
its  long  axis,  with  an  oscillating  motion. 
Filament  revealed  by  iodine.  In  stand- 
ing water  with  VaUisneria  in  the  Botanic 
Gardens.  It  is,  not  imlikely,  the  same 
being  as  Monas  urceolaris  (Perty). 


FAMILY  II.— HYDEOMOEINA. 

Characters. — Anenterous  Polygastriea  without  appendages  ;  body  imiform, 
like  that  of  the  Monads,  but,  by  reason  of  the  spontaneous  fusion  being  im- 
perfect, developed  into  a  moniliform  mass  or  polypary  ;  lorica  absent.  Indi- 
viduals are  at  periods  set  free,  which  commence  the  same  cycle  of  compound 
development  as  the  parent  beings  to  which  they  originally  belonged  (Ehi-.). 

The  genera  belonging  to  this  family  are  Polytoma  and  Spondylomorum. 
Polytoma  was  described  by  Ehi-enberg  in  the  family  Monadina  ;  but  the  sub- 
sequent discovery  of  the  genus  Spondylomorum,  having  the  same  general 
characters,  and  differing  Hke  it  from  the  other  monads,  led  him  to  create  this 
new  family  Hydromorina  to  embrace  the  two. 

Perty  has  also  recognized  the  propriety  of  detacHng  those  Monadina  which, 
by  the  act  of  self-fission  continuing  incomplete,  live  together  in  compound 
masses,  and  to  designate  them  has  invented  the  term  "  Monadina  FamiUaria," 
equivalent  m  English  to  "gregarious  or  aggregated  Monadina."  Under  this 
group,  however,  he  has  placed  two  other  genera,  which  Ehrenberg  has  lot 
remain,  somewhat  unaccountably,  among  those  Monadina  living  in  au  isolated 
or  tree  state.  These  other  members  of  the  Hydromorina  or  Aggregated 
Monads  are,  Uvella  and  Antliophysa.  Schneider  {A.  N.  U.  1854,  xiv.  326) 
observes  on  the  near  filliance  of  Polytoma  to  Chlorogonium  euchlorum.  It 
would  seem  that  Cohn  fails  to  find  any  truly  distinctive  characters  between 
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Polytoma  and  Chlamydomonas ;  for  he  proposes  (Entwich.  p.  140)  to  apply  to 
P.  Uvella  the  name  of  Chi.  Jiyalina. 

Genus  POLYTOMA  (XVIII.  5  ;  XX.  1-14).— Mouth  terminal,  truncate, 
surmounted  by  a  double  flagelliform  filament  situated  as  in  Monas  and  Uvella ; 
eye  and  tail  wanting.  It  wiU  not  imbibe  colouring  matter.  A  large  con- 
tractile vesicle  and  the  trace  of  a  nucleus  are  sometimes  observable,  belt- 
division  occurs  both  transversely  and  longitudinally,  and  produces  a  berry-like 
cluster  of  many  individuals.  As  the  young  increase  m  size,  the  parent  body 
assumes  a  decussated  or  wrinkled  appearance,  like  a  mulberry,  and  m  this 
manner  indicates  its  approaching  self- division  into  many  sections  the  name 
Polytoma  denotes),  or  numerous  individuals.  In  swimming,  the  filaments  «i-e 
extended  in  advance.  In  putting  forward  the  seK-division  of  Polytoma  as  a 
peculiar  feature,  Cohn  says  that  Ehrenberg  has  mistaken  a  transitional  for  a 
permanent  condition.    It  was  Imown  to  MiiUer  and  Wnsberg. 


Polytoma  Uvella  {Manas  Uva,  M.). 
— Colom-less,  of  an  oval  or  oblong  form; 
extremities  equally  obtuse.  It  is  often 
abundant  in  water  where  animal  matters 
are  in  solution,  upon  which  it  appears  to 
be  nourished ;  generally  in  company  with 
species  of  Vibrio  and  Spirillum,  and  some- 
times with  Uvella  Uva  and  U.  At07nus._ 

Group  5  shows  two  isolated  indi- 
viduals ;  another  about  to  divide  longi- 
tudinally; a  cluster  of  eight  umted 
within  a  common  envelope ;  another 
cluster,  of  which  the  common  envelope 
has  disappeared  prior  to  the  separation 
of  the  individual  Monads,  and  m  the 
two  isolated  beings  the  double  filament 
is  very  distinct.  1-200"  to  1-90"; 
diam.  of  clusters  1-380". 

Schneider  (Part  I.  p.  136)  has  closely 
examined  this  species  (xx.  1-14).  Ihe 
hvaline  investing  membrane,  he  sa,ys, 
can  be  distinctly  displayed  by  usmg 
chromic  acid,  or  solution  of  lodme  m 
chloride  of  zmc.  A  globular  nucleus 
lies  near  the  centre,  with  a  narrow  red- 
dish halo  around  it:  dilute  acids  render 


this  more  distinct  (xx.  2).    At  the 
anterior  extremity  ai-e  two  reddish  vesi- 
cles, which  are  contractile ;  and  other 
non-contractile  reddish  ones  ai'e  scattered 
in  the  interior.     The  creatui-e  "  rotates 
upon  its  axis  ;  and  this,  again,  describes 
cu'cxilar  vibrations  upon  a  centi-al  point." 
Self-division  takes  place  at  fii-st  into  two 
(xx.  3),  then  into  four  (xx.  9),  and,  under 
favom-able  conditions,  into  eight  seg- 
ments, each  of  which  acquii-es  its  fila- 
ments, and  moves  about  within  the  en- 
velope of  the  parent  with  the  rest  until 
set  free  by  its  mptine.    Under  certain 
cu-cumstances  the  individuals  pass  to  a 
state  of  rest  (xx.  7),  and  then  do  not 
undergo  fission  or  any  other  change,  but 
remain  in  a  toi-pid  condition.    In  assum- 
ing this  state  the  filaments  contract 
gi-adually,  and  at  length  seem  to  be 
withdi-awn  completely  withm  the  con- 
tained substance  of  the  encysted  being. 
The  internal  granules  of  Polijtoma  ai-e, 
according  to  Sclineider,  composed  of 
starch,  and  are  convertible  into  a  blue 
or  a  green  coloming  matter. 


Perty  has  distinguished  thi-ee  additional  species,  viz.— 


Polytoma  Urn. —Divides  into  as 
many  as  ten  segments.  The  mode  of 
fission  much  resembles  that  of  Chlamy- 
domonas, butdifters  in  exhibiting  active 
movements  dm-uig  the  process,  instead  ot 
the  state  of  rest  seen  in  the  latter.  Ihe 
corpuscles  are  usually  oval,  a^d  hya- 
line;  rarely  yellow  or  brown;  filled  with 
larger  or  smaUer  vesicles,  and  in  old 
specimens  with  black  molecules.  Self- 
dS^'sion  proceeds  rapidly.  Movements 
darting  and  revolving.  An  envelopmg 
?S  has  been  noticed  in  some  examples. 
?Jncommon  in  fresh,  but  frec^uent  m 
watei  holding  animal  decomposing  mat- 
S    in  sohftion.     Two  varieties  ai'o 


distinguishable:  viz.— Var.  a  ujimis, 
havino-  only  one  filament,  resembhng 
Trachelius  glohulifer  (E.),  and  verj-  pro- 
bably identical  with  Monas  punctum; 
Yw.  b.  rostrata  seu  hysgmoidcs,  of  a 
feeble  yellow  colom-,  with  a  prominent 
cvst-wall,  within  which  it  is  contracted 
and  deprived  of  its  filaments.  It  does 
not  break  up  on  drying,  but  can  continue 
several  weeks  witiiout  change,  [ihis  is 
evidentiy  not  even  a  variety  m  the  proper 
sense,  but  simply  an  encysted  Polytoma.] 
V.  ocellata.-Oxf^;  filled  with  vesi- 
cles, like  P.  Uva,  except  that  it^  ha.s  a 
clear-red  stigma  at  the  centre.  Motion 
languid.    Self-fission  produces  few  new 


OF  THE  CBYPTOMONADINA. 


505 


beings;  and  these  lie  parallel  to  each 
other.  Plas  the  dimensions  of  P.  Uva. 
Foimd  in  decomposing  infusions. 
Sclmeider  describes  a  pecidiar  mode 
of  fission  seen  at  times  in  P.  Uvella,  in 
which  the  segments  lie  parallel  to  each 
other  :  very  probably  this  supposed  spe- 
cies, P.  ocellatum,  is  nothing  more  than 
that  phase  of  P.  Uvella.  The  reddish 
vesicle  is  worthless  as  a  specific  character. 

-.  Genus  SPONDYLOMOEUM.— Individuals  fiu-nished  with  a  dorsal  oceUus, 
are  destitute  of  a  tail,  and,  in  consequence  of  their  imperfect  self-division,  deve- 
lope  a  eompoimd  body  (polypaiy)  resembling  a  whorl  or  cluster  of  berries. 

SP0NDY1.0M0BUM  quaternarium.  —  A  slender ;  colom-  green ;  filaments  four  to 
gi'oup  of  four  alternating  corpuscles,  five.  Length  of  polypaiy  1-576",  of  each 
of  which  the  terminal  one  is  the  most   individual  1-1728". 


P.  ?  virms. — Greenish  or  actually  green, 
suiToimded  by  a  hyaline  cyst.  Seen  only 
in  process  of  fission,  when  each  segment 
had  its  own  filament.  These  organisms 
were  for  some  seconds  at  rest,  and  soon 
afterwai'ds  moved  here  and  there  with 
activity.  Very  probably  this  being  is 
only  a  sporide,  and  seema  nearly  akin  to 
Clilamydomonas. 


FAMILY  III.— CEYPTOMONADINA. 


(XYIII.  29-34 ;  XIX.  7-16  and  20-31 ;  XXVI.  6,  8,  9,  10.) 

The  Cryptomonadina  (vide  General  History,  p.  140)  are  Monadina  enve- 
loped within  a  distinct  gelatinous,  membranous,  or  hard  induvium,  forming  a 
sheU-like  covering  or  lorica.  According  to  Ehrenberg,  the  lorica  sometimes 
resembles  an  open  shield  (scutellum),  at  others  a  closed  box  or  pitcher  (urce- 
olus).  The  construction  of  the  lorica,  however,  as  a  scutellum,  open  on  one 
side,  is  denied  by  every  recent  writer ;  and  in  all  cases  it  would  appear  to 
completely  enclose  the  contents.  Two  delicate,  filiform,  and  generally  re- 
tractile filaments,  capable  of  being  put  into  very  powerful  whirling  and  lash- 
ing motion,  are  clearly  perceptible  in  aU  the  genera,  excepting,  perhaps,  the 
genus  Lagenella ;  and  even  in  this.  Dr.  Wemeck  believed  he  had  discerned 
them.  Six  or  seven  species  exhibit  internal  vesicles ;  and  in  two  genera  a 
coloured  spot  is  present  at  the  fore  part  of  the  body.  From  the  position  of 
this  speck  the  dorsal  line  may  be  readily  conceived,  and  a  right  and  left  side 
described.  Self-division,  when  it  occurs,  is  simple  and  complete.  "  It  is 
possible,"  says  Ehrenberg,  "that  the  fossil  animalcules  discovered  in  the  flint 
of  chalk  and  porphyritic  formations,  and  named  by  me  Pyxidicula  (see  Plate 
XVII.  upper  figures),  belong  to  the  genus  Trachelomonas." 

Lachmann  (op.  cit.  p.  219)  asserts  that  in  all  transparent  Monadina  and 
Cryptomonadina  a  contractile  vesicle  exists,  and  that  even  in  the  more  opake 
Chilomonas  Paramecium  and  Cryptomonas  ovata  he  was  able  to  observe  its 
contractions.    Mr.  Carter  confirms  this  statement. 

The  genera  were  thus  tabulated  by  Ehrenberg  : — 

/'  {  Form  short ;  self-division  "I  p 

longitudinnl  or  wanting  J  '^''7?''° 


Eye-speck 
absent. 


Eyo-spcck 
present. 


Lorica  obtuse  and  smooth.. 


tomonas. 


Form  long  and  tortuous  ; 
solf-division  transverse 


'  I  Opliidomonas. 

Lorica  pointed  anteriorly  Prorocentrum. 

Lorica  with  a  neck  and  narrow  orifice  Lagcnolla. 


Lorica  witli  orifice,  but  no 
neck. 


Lorica  an  open  sliield 
(fKUfcllum). 

Lorica  a  closed  box 
(urceolus). 


Cryptoglenn. 


I  Trachclomonas. 
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The  members  of  thds  family  are  readily  recognized  by  the  stiffiiess  or  in- 
flexibility they  display  while  swimming  or  when  brought  into  contact  with 
other  bodies.    The  lorica  of  Prorocentrum  and  Lagenella  is  at  once  perceived 
to  be  a  distinct  covering.    When  any  doubt,  however,  exists  upon  this  poiat, 
a  slight  degree  of  pressure  upon  the  specimens  placed  in  an  aquatic  live-box, 
or  between  two  slips  of  polished  glass,  wiU  easily  determine  it.    The  lorica 
of  TracJielomonas  Ehrenberg  affirmed  to  be  sihcious,  and  indestructible  by 
fii-e.    Dujardin  has  a  parallel  family  he  names  Thecamonadina,  consisting  of 
eight  genera.    These,  however,  are  not  the  same  as  the  genera  of  Cryptomo- 
nadina  of  Ehrenberg,  of  which  only  two  are  retained,  viz.  TracJielomonas 
and  Cryptomonas.    In  the  last-named  genus  are  included  Cryptoglejm  and 
Lagenella,  which  Dujardin  considers  have  no  claim  to  generic  distinction. 
Prorodon  may,  he  thinks,  be  the  same  as  his  genus  Oxyrrhis  ;  and  under  the 
head  of  Trachelomonas  he  unites  Chcetotyphla  and  Ghastoglena,  numbered 
among  the  Peridini£ea  in  the  classification  of  Ehrenberg.    A  new  genus, 
Phacus,  is  constructed  by  the  same  author,  to  receive  those  green  organisms 
having  a  rigid  inflexible  tunic,  which  Ehi-enberg  placed  with  the  flexible  and 
protean  Euglence.    Another  group,  styled  Diselmis,  includes  many  of  the 
Chlamidomonads  of  Ehrenberg.    Besides  these,  thi-ee  other  new  genera,  viz. 
Crumenula,  Plceotia,  and  Anisonema,  enter  into  tliis  family  Thecamonadina, 
and  are  described  as  addenda  to  the  Cryptomonadina  of  Ehrenberg.  The 
accompanying  tabular  view  represents  at  a  glance  the  distribution  adopted  by 
Dujardin : — 

THECAMONAnrN  A . 

flntegument  hard  and  brittle...    1.  Trachelomonas. 
Body  ovoid  or  globular  |  Integument  membranous   2.  Cryptomonas. 

Body  flattened   or   leaf-Hke,  f  With  a  caudal  prolongation  .. .    3.  Phacus. 
with  a  smgle  filament  I  Without  such   4.  Crumenula. 

The  two  filaments  equal    5-  Disehnis. 

f  Body  prismatic  or  navicular  ...    6.  Plceotia. 
One  flaeelliform,  one  traihjig    \  Body  ovoid,  in  form  of  a  gi-ape-  j  ^  ^o^ema. 

[    seed,  with  two  filaments  j 

,           .              /Body  prolonged  anteriorly  into  Oxvrrhis 
With  several  filaments   |    ^  ^  Jj^^t    °  j  »•  uxyrrnis. 

Perty  borrows  from  both  Ehrenberg  and  Dujardin,  by  instituting  two 
families,  Cryptomonadina  and  Thecamonadina,  and  distributes  the  several 
species  in  another  fashion,  under  new  generic  names.  The  distinctive  cha- 
racters of  the  two  families  are  thus  set  forth : — 

Cryptomonadina.— The  surface  of  the  body  more  or  less  hardened,  but  in- 
separable from  the  contained  substance  as  a  distinct  testa. 

Thecamonadina.— 'Possesa  a  distinct  red  stigma,  and,  though  naked  at  fii'st, 
acquii-e  an  apparently  separable,  brittle,  silicious  sheU  or  testa,  having  an 
opening  at  its  fore  part  for  the  protrusion  of  the  filaments.  In  the  act  of 
fission  the  beings  (which  may  or  may  not  entii-ely  occupy  the  shell)  di^ade 
into  two  or  four  now  individuals.  . 

The  Cryptomonadina  comprise  the  genera  Cryptomonas,  Pliacotus,  Amsoneim, 
Pliacus,  and  Lepocinclis ;  and  the  Thecamonadina  include  Chaitotyphla,  Try- 
Yifimnnas  and  Chonemonas. 

^  cS  (Siebold's  ZeitscJvr.  1853,  Band  iv.  pp.  275-277)  saaictions  this  sub- 
division of  the  Cryptomonadina  into  two  families  ;  for  he  remarks  that  Cryjyto- 
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monas  and  Cry;ptoglma,  and  other  forms,  have  a  hard  integument  or  lorica 
(Panzer)  inseparable  from  the  subjacent  mtiSB,wh\MTrachelomomts,Lagenella, 
and  Chcetoglena  possess  a  distinct  separable  capsule  or  cyst,  within  which,  at  a 
certain  period,  the  contained  Euglerui-like  being  can  contort  itself  and  revolve 
at  pleasure.  Moreover,  Cohn's  opinion  is  that  these  capsuled  forms  should 
be  detached  from  the  Monadina  or  Cryptomonadina,  and  placed  with  the 
Euglenae.  In  tliis  opraion  we  entirely  coincide,  and  would  regard  the  cap- 
suled monadiform  beings  as  simply  encysted  Eughnce.  Indeed,  the  present 
state  of  knowledge,  especially  respecting  the  process  of  encysting,  irresistibly 
leads  to  the  conclixsion  that  this  entii'e  fanuly  Cryptomonadina  of  Ehrenberg 
must  be  broken  up,  and  its  several  forms  distributed  among  various  groups  of 
animalcules  and  plants,  as  representing  their  encysted  phase  or  condition. 

Presenius  adds  a  new  genus  to  the  Cryptomonadina,  which  he  calls  Dre- 
joanomonas. 

Genus  CRYPTOMOlSrAS  (XVIII.  29).— Coloured  stigma  absent;  lorica 
obtuse,  or  not  attenuated  anteriorly ;  body  short,  but  not  filifonn ;  self-divi- 
sion, if  any,  longitudinal ;  flageUiform  filament  very  fine. 

Dujardin  writes,  "  In  this  genus  Gryptomonas  I  comprise  all  Thecamo- 
nadina  with  a  single  filament,  and  with  a  lorica  neither  hard  nor  brittle,  and 
whose  body  is  not  depressed  (compressed)  hke  that  of  Phacus  or  of  Crumenula ; 
and  I  moreover  do  not  doubt  that  when  these  Infusoria  are  better  known, 
other  genera  may  be  distinguished  by  their  more  or  less  globular  form,  by 
the  consistence  of  their  envelope,  and  especially  by  their  mode  of  existence. 
I  already  indicate  as  subgenera,  Lagendla  with  an  elongated  lorica,  and 
Tetrabcena,  the  species  of  which  are  united  in  groups  of  four,  not  enclosed, 
however,  within  a  common  envelope.  As  to  the  character  supphed  by  the 
presence  of  a  red  speck  in  some  individuals,  assumed  by  Ehrenberg  to  be  an 
■eye,  I  cannot  discover  in  it  a  generic  distinction ;  nor  am  I  able  to  admit  the 
existence  of  a  lorica  open  on  one  side  (below)  like  a  shield  (carapace).  On 
the  contrary,  I  have  always  observed  the  lorica  to  be  closed  and  entire, 
though  sometimes  compressed  on  one  side,  adapting  itself  to  the  living  mass 
enclosed.  _  The  covering  in  every  case  is  evidently  larger  than  the  contained 
mass,  a  diaphanous  space  intervening  between  the  two  visible  in  the  form 
of  a  clear  riag."  Of  the  species  enumerated  by  Ehrenberg,  Dujardin  re- 
marks that  "  C.  curvata  is  so  compressed  that  it  is  properly  referable  to  our 
genus  Crumenula."    G.  glauca  and  G.  fusca  he  regards  as  doubtful  species. 

Perty  briefly  characterizes  his  genus  Gryptomonas  thus  : — "  Body  an  elon- 
gated urceolus,  from  the  anterior  and  mostly-rounded  extremity  of  which  two 
filaments  are  protruded,  somewhat  exceeding  the  length  of  the  body ;  within 
are  usually  one  or  more  dark  nuclei,  from  which  the  vesicular  germs' seem  to 
be  developed." 


Cbyptomonas  curvata. — Green,  com- 
pressed, slightly  bent  like  the  letter  S, 
and  twice  as  long  as  broad.  Amongst 
ConfervEe.  1-570". 

C.  ovata  {Bncliclys  viridis,  M.)  (xvni. 
29). — Green,  depressed  oval,  and  twice 
as  long  ns  broad ;  motion  slow,  vacil- 
lating, and  rotating  on  the  longitudinal 
axis,  but  when  obstructed  (says  Eliren- 
berg)  is  seen  to  leap  ;  lorica  paper-like, 
not  hard ;  numerous  internal  transparent 


vacuoles  and  green  granules.  In  the 
middle  of  the  creatm-e  there  are  two  or 
three  egg-shaped  nuclear  bodies,  and  at 
the  posterior  part  a  single  vesicle ;  self- 
division  not  observed.  Found  amongst 
Confervfe.  1-570". 

0.  erosa. — Green,  liyaliuo  anteriorly, 
depressed,  oval.  In  clean  water  among 
Conferva).  1-900". 

C.  cylindrica  (J^iichcli/s  viridis,  M.). — 
Elongated,  subcylindi'ical,  three  times  as 
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long  as  broad.  Amongst  ConferviB. 
Almost  1-1000". 

C.  (?)  glauca.—Ovel,  twice  as  long 
as  broad;  anteiiorly  truncated  with  a 
double  flagellifomi  proboscis ;  body  tur- 
gid, and  of  a  bluish-green  coloui-. 
Poimd  with  Clilamydomoms  Pulvisculus. 
1-864". 


0.  (?)  fusca. — Oval,  turgid,  and  of  a 
brown  colour.  Amongst  Oonfervaj. 
1-1500". 

C.  lenticularis. — Orbicular,  resembling 
a  lens ;  colour  green ;  lorica  thick. 
1-1729". 


The  following  are  described  and  named  by  Dujardin : — 


C.  ^tZoSmZms.— Globular,  green,  often 
with  folds  (stripes),  the  diaphanous  en- 
velope nearly  fflled.  1-2600"  to  1-2250". 
This  species,  in  Perty's  opinion,  is  a 
sporule  of  a  plant,  or  a  'sporozoid.' 

C.  incsqualis.  —  Ovoid,  green,  of  less 
thickness  than  breadth,  with  a  longitu- 
dinal depression,  and  one  or  two  mequal 
notches  in  the  colovu-ed  portion,  which 
is  always  smaller  than  the  envelope. 
1-2600".  In  stagnant  sea-water,  impart- 
ing to  it  a  green  colom*. 

C.  (Lagenblla)  inJlata.—Ovoii,  en- 
larged posteriorly,  conti-acted  anteriorly ; 
envelope  transparent,  thicker  about  the 
anterior  neck-like  portion,  filled  with  a 
green  substance,  having  a  central  red 
speck;  motion  zigzag.  1-1180".  In  a 
vessel  of  marsh-water  with  Lemna. 

C.  (La&enella)  euchlora  (xvm.  31). — 
Ehrenberg  has  described  under  this  name 
an  Infusorium  of  the  same  size,  differing 
from  the  last  by  its  more  elongated  foi-m, 
and  especially  by  the.green  contents  more 
completely  occupying  the  anterior  neck- 
like portion,  whereas  in  ours  but  a  nar- 
row streak  is  visible. 

C.  (Tetbab^ena)  socia^is.— Regularly 
ovoid,  green,  with  a  central  red  point, 
enveloped  by  a  thick  diaphanous  lonca ; 

The  generic  characters  of  Cryptomonas,  as  understood  by  Perty,  have  been 
detailed ;  the  following  are  the  species  he  describes  :— 


commencing    self  -  division  frequently 
seen;  occurs  in  regular  gi-oups  of  four 
individuals,  simply  agglutinated,  and 
having  their  filaments  directed  aU  to 
the  same  side.    1-1700"  to  1-1300". 
In  a  water-butt  in  the  King's  garden, 
Paris.     "I  should  have  taken,"  says 
Dujardin,  "the  specimens  of  Tetrabtsna 
socialis  at  first  for  Gonia,  if  a  trace  of  a 
common  enclosing  envelope  had  been 
found ;  yet  I  cannot  doubt  that  they  have 
the  closest  analogy  with  the  true  Gonia, 
and  with  what  Ehrenberg  has  called 
Synarypta  in  his  family  Volvocina.  One 
may  suppose  that  the  commenciiig  self- 
fission   observed  in  some  individuals 
would  give  rise  to  such  groups  upon  the 
destruction  of  the  lorica  (integument)  in 
these  difierent  genera.    This  mode  of 
propagation  occiu-s  undoubtedly  in  most 
of  those  having  a  soft  gelatinous  integu- 
ment ;  but  in  animals  like  Traclielomonas, 
whose  lorica  is  hard  and  brittle,  we  can- 
not understand  how  multiplication  does 
take  place." 

In  the  addenda  to  his  treatise,  Dujai- 
din  has  this  remark :  "  I  am  convinced 
that  my  Onjptomonas  (Tetraband)  be- 
longs rightly  to  Gonium." 


0.  pohjmorpha.—la  so  very  variable  in 
form  that  no  single  description  can  be 
applied  to  it.  It  ranges  between  1-840 
to  1-300"  in  length,  and  may  be  green 
or  colomless,  brown  or  golden  yellow, 
and  contain  at  one  time  red  specks,  at 
another  not.  The  smallest  are  usually 
veUow  or  of  a  verdigris-green :  many 
small  ones  are  hyaline ;  the  largest  sea- 
gi-een  and  brown.  These  changes  of 
colom-  are  doubtless  due  to  the  choro- 
phyll  developed  within  these  mmute 
SrJanisms,  and  to  the  modifications  this 
ii  Kr  imdergoes  in  diffeivn  sta-^os  mid 
conditions  of  life-a  subject  well  exa- 


mined and  illustrated  in  Braim's  work 
on  Rej  uvenescence  in  Natm-e.  In  figiu-e, 
individual  specimens  are  oval  or  globu- 
lar, compressed,  and  emargmate.  Small 
ones  move  rapidly,  frequently  in  cu-cles ; 
laro'er  examples  more  slowly,  and  at 
times  backwards.  The  species  is  com- 
mon among  Conferva3  the  whole  year, 
and  under  the  ice  in  winter.  Perty 
assumes  it  to  represent  the  following 
species  of  Cn/ptomoms  named  by  Ehren- 
berg, viz.  a  curvata,  C.  ovata,  C.  ervsa, 
C.  ci/liudrica,  C.  glaum,  and  C.  fusca, 
and  also  Chilomonas  raramccivm. 


OF  THE  CfiYPTOMONADrNA, 


509 


C.  duhia. — Qiiito  flattened,  elliptical, 
not  roimded  anteriorly ;  of  a  clear  green 
colour,  with  a  hyaline  centi'al  band, 
and,  in  most  instances,  a  red  stigma. 
Movement  rather  qniclc;  the  filament 
not  seen.    1-1900"  to  1-1400".    It  is 


allied  to  Cnjptoglmia  pigra,  C.  cesrulescens, 
and,  in  a  less  degree,  to  C.  conica  of 
Ehrenberg. 

C.  uvceolaris  (Smarda). — Belongs,  by 
reason  of  its  finn  testa,  to  the  Theca- 
monadina. 


Genus  OPHIDOMONAS. — Body  filiform ;  eye-speck  absent ;  lorica  smooth, 
obtuse,  and  tubular  with  a  single  filament ;  self-division  transverse  and  com- 
plete ;  internal  vacuoles  numerous.  Its  extremely  small  transverse  diameter 
is  the  great  impediment  to  a  better  acquaintance  with  this  being.  (It  has  not 
been  figured.) 


Ophidomonas  Jenemis. — Very  thin, 
cm-ved  spu-ally,  and  equally  obtxise  at 
both  extremities  5  colour  olive-brown  j 
motion  brisk.    In  well-water.  1-570". 


0.  sangzdnea. — Very  slender,  the  in- 
terspaces between  the  vacuoles  filled 
with  a  red  colom*.  1-576".  In  brackish 
water. 


Genus  PROEOCENTRUM  (XVIII.  30).— Lorica  resembHng  a  Kttle  box 
(urceolus),  smooth,  pointed  at  the  anterior  extremity ;  eye-speck  absent ;  pro- 
boscis filiform  ;  vacuoles  numerous.  Self-division  has  not  been  observed.  "  It 
is  worthy  of  remark,"  says  Ehrenberg,  "  that  the  only  species  of  this  genus 
with  which  we  are  acquainted  [i.  e.  in  1838]  belong  to  the  luminous  crea- 
tures of  the  sea,  which,  perhaps  from  some  peculiar  organic  relation  or  con- 
dition, yet  unknown,  to  us,  are  instramental  in  producing  that  curious  and 
certainly  vital  phenomenon  usually  termed  phosphorescence."  It  may  be 
farther  noticed,  that  all  the  luminous  Infusoria  of  the  sea,  hitherto  discovered, 
are  characterized  as  being  of  the  same  yellowish  waxy  colour  as  the  best- 
known  species  of  this  genus — P.  micam ;  and  it  is  probable  that  this  condition 
is  immediately  connected  with  the  interesting  phenomenon  in  question. 


cates  the  position  of  the  supposed 
mouth.  1-430". 

_  P.  viridis. — Ovate,  suborbicular,  tiu'- 
gid;  posterior  end  rounded;  anterior 
shortly  pointed ;  coloiu:  gi-een.  1-1100". 
In  the  Baltic. 


Pboho  CENTRUM  micaiis.  —  Oval  and 
compressed,  attenuated  posteriorly,  but 
dilated  and  pointed  anteriorly ;  coloiu-  of 
yellow  wax.  In  sea- water,  (xvm.  30). 
Two  figures,  magnified  300  diameters; 
the  first  is  a  side  \imr,  the  latter  a  back 
view ;  the  filament  in  the  former  iadi- 

Genus  LAGENELLA  (XVIII.  31).— Distinguished  from  other  loricated 
monads  by  the  lorica  being  extended  anteriorly,  or  flask-shaped.  The  lorica 
is  perfectly  distinct,  and  crystalline.  Within  are  the  bright-red  speck  and 
green  granules.  (Vide  Cryptomonas  Lagenella,  p.  508,  and  CJionemonas, 
Perty,  p.  513.) 

Lagenella  mc^fom  (xvm  31)._-  crystalline;  coloiu-  gi-een.  Amongst 
Uval,  neck  short  and  ti-uncated ;  lorica   Confervas.  1-1200". 

Genus  CRYPTOGLENA  (XVIII.  32).-Lorica  open,  in  the  foi<m  of  a  shield 
(scutellum),  folded  or  roUed  inwardly  at  the  sides,  and  without  a  proiecting 
neck.  Eye-speck  distmct;  granules  green  in  all  the  species.  In  O.  conica 
two  oval  greyish  masses  are  seen  in  the  centre,  and  also  two  filaments.  Self- 
division  not  observed.  These  characters,  given  by  Ehi-enberg,  are  valueless  to 
distmguish  Cryptoglena  from  other  Cryptomonadina,  or  from  GhJamydococcus. 
ihe  scutellar  form  of  the  lorica  is  an  error ;  for  it  forms  a  complete  investment, 
mterrupted  only  at  the  point  where  it  gives  exit  to  the  filaments.  The  red 
eye-speck  is  no  distinction,  as  so  often  remarked ;  and  the  absence  of  a  ncck- 
like  extension  of  the  lonca  is  seen  in  Cryptomonas,  Clilamydococcus,  and  other 
genera.  Urtor  describes  one  species  with  four  filaments.  We  unite  with 
uujardin  m  rejecting  this  as  an  independent  genus. 


510 


SYSTEMATIC  HISTOBT  OF  THE  INFtrbOILIA 


Cryptoglena  conica  (xvra.  82).  — 
Conical,  anteriorly  dilated  and  trun- 
cated ;  filaments  two,  half  the  length  ot 
the  body ;  posterior  end  acutely  attenu- 
ated. Colour  bluish-green.  Abundant 
in  river  water,  in  company  with  Crypto- 
monas  glauca,  from  which  they  are 
readily  distinguished  by  their  form, 
larger  size,  and  red  eye.  They  move 
briskly  in  the  direction  of  the  longitudi- 
nal axis  of  their  bodies,  but  when  ob- 


structed spring  or  leap  out  of  their  direct 
course.  1-1100". 

C.  pigra. — Oval,  approaching  to  glo- 
bular, and  emarginate  anteriorly ;  colour 
a  beautiful  green ;  movement  slow.  In 
water  when  covered  with  ice.  1-3000". 

C.  cesrulescens. — Depressed,  elliptical 
and  emarginate  anteriorly ;  colour  bluish 
green;  motion  quick.  Amongst  Con- 
fervee.  1-6000". 


Mr.  Carter  has  added  and  figured  some  new  species,  via.- 

thick  envelope,  and 


  _„.    ^  ^          are  divided  into 

numerous  ceUa  (microgonidia.) 

C.  angulosa  (A.  N.  H.  1859,  iii.  18).— 
Lorica  compressed,  oblong,  angular, 
shield-shaped,  transparent,  round  poste- 
riorly, square  anteriorly,  where  it  pre- 
sents a  short  neck  in  the  median  line  for 
the  passage  of  the  cUia;  border  thin, 
cm-led  up  posteriorly  and  anteriorly  on 
opposite  sides.  Internal  or  green  cell  at 
some  distance  from  the  lorica,  angular, 
lined  with  chlorophyll,  provided  with 
two  cilia,  which  issue  through  the  neck 
of  the  lorica ;  two  conti-actile  vesicles  at 
their  base ;  an  eye-spot  median  and 
peripheral,  and  one  to  fom-  starch-cells 
of  a  cii-cular  foi-m.  Swimming  with  its 
cilia  forwards  in  an  extremely  iiTegulai- 
line.  Length  of  lorica  1-1080",  and 
breadth  1-1800".  Freshwater  tanks  m 
the  island  of  Bombay. 


C.  lenticularis  (A.  N.  S.  1858,  p.  253). 
—Spherical,  compressed  ;  lorica  distinct 
and  stout;  endochrome  separated  from 
it  by  a  distinct  clear  zone;  contrac- 
tile vesicle  seated  at  the  point  of  in- 
sertion of  the  two  filaments,  where 
there  also  seems  to  be  an  interruption 
in  the  continuity  of  the  lorica  (emar- 
ginate) ;  eye-speck  on  one  side,  nucleus 
visible.  The  horizontal  view  is  ovate, 
and  acuminate  at  both  ends.  Fission 
takes  place  in  the  power  of  two,  just 
as  in  adamydococcus,  from  which  m- 
deed  no  satisfactory  distinctive  fea- 
tures are  perceptible  in  the  engravings 

furnished.  _      .  i   j  i.  v 

C.  cort^i/ormis.— Distmgmshed  by  its 

cordiform  lorica.  The  contents  are  orbi- 
cular, and  do  not  nearly  fiU  the  lorica; 
filaments  four ;  a  resting-stage  perceived, 
wherein  the  contents  are  covered  by  a 

Genus  TEACHELOMONAS  (XYIII.  33, 34 ;  XIX.  9-ll).-Have  a  single 
lonTSament  an  eye-speck,  and  a  closed  elongated  or  spherical  lonca,  with- 
o?tl  nrShirnSk.  Ver^  minute  transparent  vesicles  have  been  discemed 
Z  t  SaS  and  ?  volv7cma.  It  is  probable  that  some  of  the  highly  mter- 
Sl£g  £S  ules  which  enter  so  abundantly  into  the  silicified  substances  m 
ceSLTalt  formations  belong  to  tHs  genus  The  genus  ^m^nrn^ 
(Perty)  is  equivalent  to  this,  the  characters  of  which  are  hereafter  given  at 

large  in  Perty's  words  (p.  513).  ^   .  ,  x, 

~  "  extended ;  in  the  next  it  is  retracted ;  the 
lowest  of  the  three  is  a  very  young  spe- 
cimen; and  34,  a  full-grown  one  that 
has  been  forcibly  pressed  and  the  lonca 
broken.    Amongst  Confervse.    l-ebU  . 

T.  cylindrica  (xix.  11).— Oblong,  ap- 
proaching to  cylindrical ;  filament  ahiiost 
as  long  as  the  body.  Colour  a  beautiful 
green;  eye-speck  red;  ring  purple- 
1-1000".  "Perty  points  out  the  tact  that 
T.  nigricans  is  nothing  more  than  an 
old  specimen  of  this  species,  brown  and 
opake  by  age. 

T.  areokita— Globose,  surface  areo- 

lated.  ,  , 

T.  rt.s^jCT-rt.— Similar  to  preceding,  but 
its  surface  covered  with  rough  ponits. 


Teachelomonas  nigricans.  —  Oval, 
approaching  to  globular ;  colour  rarely 
g^een,  mostly  of  a  reddish  or  blackish 
brown.    Eye-speck  brown.    1-1700  . 

T.  volvocina  (xvin.  33,  34 ;  xix.  9, 10). 
—Spherical,  with  a  delicate  filament; 
coloui-  mostly  green,  sometimes  of  a 
brownish  hue,  with  a  distmctive  red 
rinff  around  the  body:  between  the  in- 
ternal vesicles  is  a  very  fine  gramdated 
substance,  to  which  the  coloui-  of  the 
body  is  due.  The  red  circle,  so  ye- 
maxLble  a  feature  m  this  species. 
Sways  appears  in  the  same  horizontal 
portfon,  Sow  quickly  soever  the  creat^ive 
JrifLv  be  revol-ving  on  its  long  axis,  ihe 
r/emost\gureWeBents  the  flabelhun 
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T.  granulata. — Similar,  but  its  surface 
very  minutely  granulated. 

T.  leavis. — Globose,  with  its  sui'face 
smooth.    The  assigned  differences  be- 


tween the  surface  of  this  and  the  two  pre- 
ceding are  too  trivial  to  be  characteristic. 

T.  pyrum.  —  Oblong  or  pear-shaped 
(pyaiform),  smooth. 


Dujardin,  in  his  family  Thecamonadina,  iacludes  some  genera  of  animalcules 
not  described  by  Ehrenberg,  or  described  by  him  under  different  names  and 
according  to  a  different  arrangement.  They  are  appended  here  as  best  agree- 
ing with  the  Ciyptomonadina. 

Genus  PHACUS  (D.).— Body  flattened,  leaf-like,  and  mostly  green.  It 
displays  a  red  speck  in  front,  together  with  a  flagelliform  filament;  and  the 
resistant  membranous  integument  is  prolonged  posteriorly  in  the  form  of  a  tail. 

"  Three  out  of  the  four  species  are  referred  by  Ehi^enberg  to  his  genus 
Euglena,  on  account  of  similarity  in  colour.  The  difference  between  the  two 
genera  is,  however,  considerable  ;  for  ia  Euglena  the  integument  is  contractile, 
and  permits  of  a  frequent  change  of  form,  whilst  in  Phacus,  on  the  contrary, 
the  integument  appears  quite  wanting  in  contractility,  and  the  animal  inva- 
riable iu  form. 

"  The  enclosing  integument  of  Phacus  persists  after  the  death  of  the  animal 
and  the  destruction  of  the  contained  green  mass,  and  also  after  the  action  of 
various  chemical  agents,  becoming,  in  the  latter  cases,  quite  transparent. 
The  motor  filament  disappears  with  the  living  contents;  globules  of  the 
latter  remain  after  death." 

Mr.  Carter  {A.  N.  H.  1856,  xviii.  p.  241)  describes  a  single,  glairy,  discoid, 
capsuled  body  in  the  centre  of  Phacus,  as  well  as  in  the  large  lip  of  Crume- 
mda  texta. 

1.  Phacus pleuronectes  =  Euglena pleuronectes;  2.  P.longicauda  =  E.longi- 
caucla;  and  3.  P.  triquetra  =  E.  triquetra.    (See  Ettgleka.) 
The  new  species,  of  which  the  characters  are  given,  is 

Tin^cvs  tripteris  —  OUong,  with  with  a  red  speck  in  front  and  a  dia- 
three  longitudmal  plaits  meeting  along  phanous  caudifonn  prolongation  behind, 
the  axis,  rather  twisted  on  the  midrib,    1-420"  to  1-312". 

Genus  CRIMEJTULA  (D.)  (XXVI.  6).— Oval,  compressed,  covered  by  a 
resistant  mtegument  (testa)  apparently  reticulated,  sending  out  a  long  flao-eUi- 
form  filament  obHquely  from  a  notch  in  the  anterior  border.    Motion  slow 
There  is  no  taH-like  prolongation,  as  in  Phacus.  A  contractile  vesicle  present. 

pointed  sigmoid  fibres  an-anged  pai-aUel 
ticulai,  filled  with  a  green  matter,  toge-  to  each  other,  so  as  to  fori  a  conical 
therewith  vacuoles  or  hyaline  globules,    ceU,  which  remains  behuid  when  tlie 

softer  contents  have  dispersed. 

The  anterior  notch  is  produced  bv  a 
sort  of  overhanging  lip.  The  filament 
IS  three  times  longer  than  the  body. 

Genus  DISELMIS  (D  ). -Ovoid  or  globular,  covered  by  an  integument,  not 
contractile,  of  almost  gelatinous  consistence;  two  equal  locomotive  filaments 
proceed  from  the  anterior  extremity. 

-This  genus  nearly  corresponds  to  the  Chlamyclomonas  of  Ehrenberg,  placed 
by  him  in  the  family  Volvocina  by  reason  of  its  apparent  self-division  into 
T^  ?^th"i  the  testa.    Dujardin,  on  the  other  hand,  admite 

none  as  Volvocina  which  do  not  exhibit  an  aggregation  of  perfect  individuals 
withm  a  common  envelope." 

f  n°^^'  by  Dujardin,  of  the  Chlamydomonads  described  under  this 
name  ot  Diselmis,  from  Volvocina  to  Cryptomonadina,  is  gencraUy  held  to 
+1  ffi'"^^""'  ^«^P,?"^cnt  on  an  imperfect  conception  of  their  characters  and 
true  aflSmtics.  (See  genus  Cot.amydomonas.) 


and  having  a  large  red  globule  anteriorly! 
1-520".    Testa  persistent  after  death. 

In  this  species  Mr.  Carter  (op.  cit. 
p.  119)  describes   an  inner  layer  of 
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The  intogument  of  Diselmis  is  non-resistaut,  diaphanous,  breaks  up  after 
death  by  diffluence,  and  is  sometimes  filled  with  a  green  substance.  Like 
plants,  these  beings  are  sensitive  to  Ught,  fix  themselves  to  the  Ughtest  part  of 
the  containing  vessel,  and  disengage  oxygon  when  exposed  to  the  sun's  rays. 
In  the  o-reen  substance  are  seen  granular  masses,  a  disk  with  an  expanded 
border  and  a  red  speck.  The  motor  filaments  proceed  from  the  same  openmg 
of  the'  integument,  and  often  form  a  diaphanous  lobe  projecting  from  the 
opening.  The  red  colour  oftentimes  seen  in  the  water  of  the  Mediterranean 
appears  due  to  Infusoria  of  this  genus. 


DiSBLMis  viridts  =  Clilamydomonas 
pulvismlus  (Ehr.)  (xix.  16). 

D.  marina. — Nearly  globular,  obtuse 
and  rounded  in  front,  granular  within. 
1-1050".  ^  . 

This  species  is  larger  than  D.  vindis, 
more  globular,  and  apparently  deficient 
of  the  red  speck.  In  stagnant  sea-water 
of  a  green  colour. 

D.  angusta.—Vjrdo^va.,  oblong,  ap- 
pearing to  be  plaited  and  tubercidar 


inside,  sometimes  with  an  indistinct  red 
speck.    1-2600"  to  1-1850". 

D.  Dunalii.  —  Oval  or  oblong,  often 
constricted  about  the  middle ;  colomless 
when  very  yoimg,  then  gi-een,  afterwards 
red ;  with  2  flagelliform  filaments  longer 
than  the  body,  seated  on  a  projecting  a,nd 
reti-actile  anterior  lobe.  Interior  occupied 
by  coloured  globules.  Discovered  by 
M.  Joly  to  be  the  chief  cause  of  the  red 
coloiu-  of  the  water  of  the  Mediten-anean. 


Genus  AMSONEMA  (D.)  (XIX.  8;  XXVI.  8). -Colomless,  oblong,  more 
or  less  compressed,  having  a  resistant  envelope  giving  exit  by  an  opening  to 
two  filaments,  one  directed  forwards  and  flagelliform,  the  other  traihng  back- 
wards and  retractile ;  movement  slow.  .  ,  •  -  fi,p 
"  In  other  genera,  as  in  Heteromita,  two  similar  filaments  exist;  but  the 
raesent  genus  is  known  by  its  non-contractile  resistant  integument,  which  is 
Sten  mft  with  empty  and  transparent.  It  may  be  that  the  Bodo  grand.s 
(Ehr.)  is  allied  to  this  genus  as  well  as  to  Heteromita. 


ANisOMiMA^emMS  (xrx.  8).— Oblong, 
depressed,  rounded  posteriorly,  and  nar- 
rower in  front,  like  the  seed  of  an  apple, 
with  an  opening  close  to  the  apex; 
colomless  and  transparent,  except  a  few 
vesicles,  mostly  green,  but  occasionaUy 
red;  movement  m  a  straight  line  tor- 
wards.  1-1300"  to  1-850".  In  pond- 
water.  This  species  =  Bodo  grandis  (f) 
(Ehr.).  Perty  gives  a  figm'e  of  an  organ- 
ism he  identifies  with  this  species,  hav- 
ing foiu-  filaments  anteriorly  and  none 


trailing :  he  supposes  it  ia  the  act  of 
fission ;  but  his  tigm-e  does  not  show  it. 

A.  sidcata  (xxvi.  8).— Oval,  depressed, 
with  4  to  5  longitudinal  fiuTOWs,  and  an 
oblique  notch  m  fi-ont,  from  which  the 
two  filaments  proceed ;  movement  vacil- 
lating, circular.  Perty  has  seen  it  divide 
longitudinaUy.  1-1300".  The  projecting 
filament  is  three  times,  and  the  floatmg 
one  about  twice  as  long  as  the  body; 
m  this,  however,  says  Pei-ty,  there  is  no 
constancy. 


ftpnus  PL(EOTIA(D.)  (XXYI.  10,  a,  6).— Diaphanous,  having  several  ribs 
or  long^cW  r^dgaslloig  the  middle,and  a  circular  translucent  mai-gin  gmng 
Jbe  whole  a  navicular  fom ;  two  locomotive  filaments  proceed  from  one  end 

THs  hstiLTw  migh  be  mistaken  for  one  of  the  BaciUaria,  were  not 
+b  JSamenWeariy  visible.  The  characters  of  the  filaments  are  smiilai-  to 
toS7Miso^cLor..  extending  forwards  with  an  undulatoiy  movement 
the  other  trailing  and  capable  of  suddenly  arresting  the  movement  of  the 
body  by  its  adhesion  and  power  of  retraction. 

Plceotia  vitrea  (xxvi.  10  a,  &).-Hy-   1-130"  ;  movement  slow.   In  sea-water 
aline  S  3  to  4Sondtudinal  salient   kept  for  two  months, 
linos' at  the  centre,  and  some  granules. 

n  ,c  nXYEBHIS  (D.)  (XXVI.  9  a,  6).  — Ovoid,  oblong,  obUquely 
notS  in  1-^^^^^^^^^  into  a  point  ;^several  flagelliform  filaments 

pjJceed  lateraUy  from  the  bottom  of  the  fissm-e. 
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The  name  is  indicative  of  the  elongated  apex.  These  Infusoria  being  but 
imperfectly  knowii,  one  species  only  is  described : — 

Oxyhhhis  marina  (xxvi.  9  «,  i.)— Colomless;  subcylindrical  rugose,  rounded 
posteriorly.   1-520".    lu  the  Mediterranean. 

The  next  three  genera  are  talcen  from  Perty,  the  first  being  one  of  his 
Cryptomonadina,  the  others  Thecamonadina : — 

Genus  PHACOTUS  (XIX.  7,  a,  h,  c).— Body  round,  biconvex,  with  tAvo 
(possibly  four)  filaments. 


Phacottjs  viridis. — Green,  usually 
divided  through  the  middle  hj  a  clear  or 
a  dai'k  line.  Margin  acute ;  the  central 
part  more  or  less  convex,  sometimes 
elevated  into  a  sharp  angular  ridge,  ren- 
dering the  figTU-e  fom-sided.  The  shell 
shows  a  double  contom-,  and  persists 
some  daj's  after  the  death  of  the  indi- 


vidual. Medium  size  1-1440".  Amoug 
Confervse.  Bern.  It  =  Cnjptomonas 
lenticularis  (E.).  Like  Dujardin,  Perty 
removes  Chcetotyphla  and  Climtoghna 
from  the  Peridiniasa  to  the  Thecamo- 
nadina. The  foi-mer  genus  he  retains, 
but  merges  the  latter  in  his  group 
Clionemonas. 


Genus  TETPEMONAS  =  generaHy  TEACHELOMONAS  (Ehr.)  (XIX.  9, 
10, 11). — Shell  globular  or  eUiptic,  with  a  small  round  aperture  (the  elevated 
margin  of  which  frequently  produces  a  funnel-like  appearance),  from  which 
the  filament  protrudes  ;  colour  green,  with  a  red  stigma ;  lorica  at  fii'st  hyaline, 
then  purplish,  and  lastly  brown,  thick  and  opake  ;  not  armed,  but  apparently 
porous  from  the  presence  of  numerous  puncta  indicating  the  absence  of 
deposit,  as  elsewhere.  Perty  justly  objects  to  the  term  Trachelomonas,  as 
prone  to  cause  confusion  of  ideas  from  its  etymology  signifying  beings  with 
necks,  which  none  of  those  it  includes  possess. 

Tbypemonas  volrocina  (xix.  9, 10)  =  Trachelomonas  voloocina  j  and  T.  cylindrica 
(xix.  11)  =  Trachelomonas  cylindrica  and  T.  nigricans  (Ehr.). 

Genus  CHONEMONAS  (XVIII.  35  a,  h,  c,  cZ).— Green  with  a  red  stigma ; 
testa  hard,  eUipsoidal,  with  a  funnel-shaped  opening  at  the  anterior  end — from 
which  two  filaments  proceed.  It  represents  in  part  the  genera  Clicetoglena, 
Pantotrichum,  and  Lagenella  (E.). 


Ghonemonas  Schrankii  (xvm.  35  a, 
b,  c,  d),  formerly  named  U.  hispida. — 
Lorica  clear  or  dark  brown,  more  or  less 
spinous.  Filaments  double  the  length, 
and  hyaline.  Portions  of  the  lorica  ex- 
hibit apparent  pores,  and  empty  speci- 
mens often  decussating  hues.  The  green 
contents  escape  unhurt  on  fractiuing 
their  enclosing  case,  which  they  gene- 
rally do  not  fill.  When  fission  proceeds, 
the  contents  alter  their  form,  and  the 
filaments  disappear.  Onward  movement 
not  rapid,  seldom  oscillating,  but  actively 
revolvmg.    1-900"  to  1-540".   At  Bern, 


in  pools  of  snow-water,  and  beneath  the 
ice.  Two  varieties  occm- : — a.  glabra, 
with  a  smooth  lorica,  which  is  no  other 
than  the  Lagenella  euchlora  (E.)  ;  h. 
unifilis,  with  a  single  filament,  equiva- 
lent to  Chcetoglena  volvocina  (E.).  The 
very  hispid  examples  of  this  Ghonemonas 
are  =  Pantotrichum  Lagemda,  placed  by 
Ehrenberg  among  his  Cychdina. 

C.  acuminata.  —  Shell  oval,  strongly 
pointed  posteriorly ;  bristles  scarcely  ob- 
servable. Fimnel  at  front  distinct. 
1-500".  Hyaline  and  quite  smooth  speci- 
mens also  occun-ed.  On  the  St.  Gothard. 


Genus  DEEPANOMONAS  (Fresenius). 


DnEPANOMONAS  dcntatu. — Colourless; 
falcifoiTU,  compressed;  pointed  at  each 
end,  with  five  outspreading  furrows,  of 
which  two  are  on  either  flat  side,  and 
one  on  the  convex  edge.  In  the  centre 
of  the  concave  surface  is  a  ventricose 
swelling  with  a  small  tooth-like  process ; 
a  .similar  process  ia  remarked  beneath 


the  apex.  From  near  the  last,  several 
lines  extend  upwards  and  outwards.  In 
one  aspect  an  undulating  line  is  percep- 
tible along  tlie  convex  margin ;  this  is 
also  visible  in  the  loricie  of  dead  speci- 
mens. Liternally  arc  only  colomless 
granules,  imjjarting  a  pearly  hue.  On 
one  occa.siou  a  vacuole  was  seen  havino- 

2l 
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a  reddish  glimmer ;  possibly  a  contrac- 
tile vesicle;  movements  slow;  no  con- 
tractions of  figiu-e  observed.  Both  ends 
fm-nished  with  delicately  motile  fila- 
ments, those  on  the  anterior  longer 


than  those  on  the  posterior  extremity ; 
but  still  seen  with  difficulty.  In  swim- 
ming it  lies  on  the  flat  surface ;  it  also 
revolves  on  its  long  axis.  1-15"'  to  1-14"'. 
In  water  from  Walldoif, 


FAMILY  lY.— yOLVOCINA.  (See  p.  144.) 
(XIX.  32-69 ;  XX.  22-47). 
This  family  deiives  its  name  from  the  genus  Volvox,  and  from  the  rollinc/ 
motion  with  which  the  beautifid  creatures  belonging  to  it  make  their  way 
through  the  water.  They  resemble  the  Monads  in  most  particulai-s  relating 
to  their  organization ;  have  an  unvarying  form,  and,  except  a  filament,  no 
appendages ;  vacuoles  present.  Whilst  propagation  by  self-division  is  pro- 
ceeding, and  the  young  are  increasing  in  size,  the  surrounding  envelope  or 
lorica  is  observed  to  expand  in  a  corresponding  degree,  but  continues  entu-e 
until  its  numerous  occupants  have  come  to  maturity,  when  it  bursts  and  sets 
them  at  liberty. 

AH  the  genera  are  provided  with  organs  of  locomotion,  which  consist,  as 
with  the  Monads  and  Cryi^tomonads,  of  a  single  or  double  very  deHcate  fila- 
ment •  and  hence  it  is  that  when  they  are  clustered,  the  entire  group  appear.s 
to  be  ciliated,  or  beset  with  haii's.  Besides  granules,  one  or  two  round  nuclei 
and  a  contractile  sac  are  present.  ^     o     ■  ■,.       ■i.-u  i 

This  family  Ehrenberg  disposed  into  ten  genera— five  furnished  with  a  red 
stigma,  situated  at  the  anterior  part  of  the  body,  and  five  without  it.  In  the 
former,  a  sensitive  system  was  presumed  on  the  supposition  of  the  red  speck 
being  an  eye. 

The  following  is  an  analysis  of  the  family : — 


Tail 
absent 


Lorica  single  - 


Lorica  box-Uke  - 


/-      vibrating  "I 
filament    absent  J  •'° 


vibrating 
1^  filament  present 


Pandorina. 


[  Clusters  tabulated  or  in  plates    Goniiun. 

^Lorica  double    Syncrypta. 


Tail  present 


Synura. 


Self-division  both 
equal  and  perfect 
(no  internal  globes) 


Self-division  unequal 
(forming  internal 
globes). 


('Tail  present    Troglena. 

filament  single   . . .  Eudorina. 
filament  double  ...  Chlamydomonas. 
r  Filament  single  ,   Sphjerosira. 


Tail  absent 


^   ^   [Filament  double   Volvox. 

The  above7ccoimt,  derived  from  Ehrenberg's  work,  affords  a  very  imperfect 
ooncention  of  the  Volvocina,  especiaUy  of  theii-  sti-uctm-al  chaxactenstics  as  a 
family— a  defect  we  have  endeavoured  to  supply  in  the  chapter  on  their 
;<3vnl  history  (p.  144).  Moreover,  as  there  noticed,  these  bemgs  arc 
numbered  by  the  majority  of  naturalists,  at  the  present  day,  among  plants, 
XoiSh  a  respectable  ninority,  among  whom  are  Thm-et  and  Lachmann, 
Mne'to  the  opinion  that  they  are  for  the  most  part  animals,  as  Ehrenberg 
Sesented  Thuret  expressed  this  opinion  now  several  years  since,  v^hen 
the  phys  obgy  of  the  simplest  vegetable  organisms  was  imperfectly  under- 


OF  THE  VOLVOCHTA. 


515 


stood,  and  supported  it  on  the  fact  that  an  act  of  germination,  similar  to 
that  seen  among  the  spores  of  the  lower  Algte,  was  never  witnessed  among 
the  Volvocina.  This  absence  of  a  supposed  vegetable  chai-actoristic,  more 
recent  researches  appear  clearly  to  set  aside  as  an  argument  against  the 
vegetable  nature  of  a  doubtful  organism ;  for  in  the  whole  cycle  of  life  of 
many  of  the  simplest,  or  so-called  unicellular  plants,  an  act  of  gennination, 
as  understood  by  Thm-et,  never  occui'S,  Dujardin,  when  he  published  his 
work  on  Infusoria  in  1841,  admitted  the  Volvocina  among  animalcules,  but 
proposed  a  different  distribution  of  their  genera  to  that  put  forward  by 
Ehrenberg.  Thus,  he  transferred  Oyges  and  Clilamydomonas,  owing  to  their 
not  being  aggregated  -within  a  common  envelope,  to  the  Thecamonadina,  and 
imited  Eudorina  with  Pandorina  (XIX.  59-69),  and  Synura  with  Uroglena, 
because  he  could  not  regard  the  i^resence  or  absence  of  a  red  speck  to  be  a 
generic  characteristic.  Further,  he  considered  Syncrypta  a  doubtful  genus, 
and  combined  Sphcerosira  with  Pandorina. 

Although  the  present  state  of  science  proves  that  the  appearance  of  a  red 
speck  or  specks  in  a  monadiform  being  is  mostly  a  transitory  phenomenon, 
associated  with  a  certain  condition  or  phase  of  existence,  and  that  therefore 
the  union  of  Eudorina  with  Pandorina,  and  of  Synura  with  Uroglena,  is  a 
correct  proceeding,  yet  Dujardin  erred  both  in  detaching  Gyges  and  Ghlamy- 
domonas  (XIX.  16)  from  the  Volvocina,  and  in  considering  SpJicerosira  and 
Pandorina  modifications  of  a  common  form.  The  relation  of  Clilamydomonas 
to  the  Volvocina  has  been  well  show  by  Cohn,  Braun,  and  others ;  and 
Gyges  itself  might  probably  be  dispensed  with  as  a  distinct  genus,  since  there 
is  good  evidence  to  show  that  its  species  are  simply  stages  of  development  of 
Chlamydococcus  ov  Protococcus  (XIX.  20-31),  and  of  GJilamydomonas.  Again, 
Sphcerosira,  instead  of  being  a  varied  phase  of  Pandorina,  is  a  member  of  the 
genus  Volvox ;  indeed  Prof.  Busk  inclines  to  the  notion  that  it  is  merely  a 
developmental  stage  of  the  common  Volvox  Olobator  (T.  M.  S.  i.  p,  39).  Perty, 
however,  advances  as  an  argument  for  its  independent  nature,  that  it  is  com- 
mon about  Bern,  whilst  Volvox  Olohator  is  not  met  with.  This  fact  speaks 
at  least  for  the  specific  independence  of  Sphcerosira,  although  its  generic 
must  be  given  up.  Moreover,  a  genus  Botryocystis  was  instituted  by  Kiitzing, 
of  the  independence  of  which,  however,  there  is  no  good  evidence.  The  con- 
dition oi Protococcus pluvialis  (Cohn,  Ray  Soc.  1853,  p.  559),  when  divided  into 
sixteen  segments,  corresponds  to  the  Botryocystis  Morum.  Frn'ther,  the  last- 
cited  author  in  another  treatise  (EntwicJc.  d.  Mikroslcop.  Alg.  und  Pilze,  p.  209) 
treats  Botryocystis  as  synonymous  with  Pandorina,  and  in  this  agrees  with 
Prof.  Henfrey,  who  remarks  (M.  T.  1856,  p.  51)  that  the  form  of  Pandorina 
which  produces  the  restmg-spores,  after  losing  its  ciHa,  is  Kiitzing's  Botryo- 
ci^tisMoricm  Perty  corns  two  new  genera,  eaUed  Synaphia  and  Hirmidium 
(X1_X.  15).  Cohn  pomts  out  a  natural  division  of  the  Volvocina  into  two 
sections,  m  the  first  of  which,  represented  by  Clilamydomonas  and  CUarny- 
dococcus,  the  fission  of  each  primordial  coU  is  complete,  and  the  products 
single  and  uniceHular,  whHst  in  the  second  section,  including  aU  the  rest  of 
the  Volvocina,  the  ceUs  formed  by  the  fission  of  the  parent  primorrHal  ceU  con- 
tinue united  m  groups  or  clusters.  The  difference  between  the  several  genera 
obtams  from  the  disposition  of  the  produced  ceUs ;  and  this,  again,  depends  on 
the  direction  of _  the  hne  of  fission.  Thus,  in  Steplmnosplmra  (XIX.  38-52) 
the  plane  of  fission  is  the  merichan  of  the  sphere  ;  in  Oonium  it  occurs  in  two 
p  anes  at  right  angles  to  each  other,  and  in  Volvox  and  its  alhes  in  thi-ee 
pianos.  If  the  Volvocina  are  referable  to  the  vegetable  kingdom,  they  consti- 
tute a  tamily  of  the  order  Palmellaceaj  (Chama^phycoec,  A'.),  among  the  Algis 

Ifie  separation  of  Synerypta  from  Gyges,  and  its  independent  generic  ex- 
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istencc,  are  very  questionable  ;  for  the  possession  of  a  double  lorica,  attributed 
to  Syncrypta  by  Ehrenberg,  cannot  serve  as  a  generic  distinction  from  Gyyes, 
witli  a  single  lorica,  since  Cohn  has  shovm  in  Ohlamydococcus  that  the  pro- 
duction of  a  distinct,  loosely  investing,  and  apparently  second  covei-ing,  is  one 
of  the  series  of  developmental  phenomena  in  the  selfsame  being.  The  same 
statement  is  true  of  the  so-called  tail  which  is  used  to  separate  Synura  from 
other  allied  forms  ;  for  caudate  beings  make  their  appearance  in  the  cycle  of 
existence  of  non-caudate  :  thus  a  caudate  variety  of  naked  "  zoospore  "  re- 
sembling a  Bodo  is  represented  by  Cohn  in  his  illustrations  of  the  multiform 
phases  of  Protococcus.  The  presence  of  a  mouth,  and  the  constniction  of  the 
envelope  with  one  side  or  end  open,  tkrough  which  the  animal  can  protmde 
itself  at  win,  are  statements  now  generally  ignored. 

After  excluding  the  inadmissible  and  the  very  doubtful  genera  of  this 
family  of  Ehrenberg,  there  remain  only  Pandorina,  Gonium,  CUamydomo- 
nas,  and  Volvox.  To  these,  other  naturalists  add  Oldmrnydococcus  (Braun), 
GloeocoGCUs  (Braun),  Steplmnosphaira  (Cohn),  and  Stephonoma  (Wemeck). 
Ehrenberg  himself  has  added  a  new  genus  he  names  Trocliogonium ;  but,  from 
the  imperfect  description  given,  it  is  not  possible  to  decide  accurately  whether 
it  is  distinct  from  some  of  the  genera  instituted  by  other  naturalists. 

Genus  GYGES.— Lorica  of  a  simple  box-like  form  {urceolus)  ;  eye-speck 
and  '  tail'  absent;  filament  doiibtfully  present ;  the  internal  organization  is 
little  known.  Two  species  are  mentioned  by  Ehrenberg,  both  of  a  green 
colour  and  enclosed  in  a  transparent  lorica 


Gyges  Qranulum  (Volvox  Gi-anukim, 
M.). — Oval,  or  nearly  globular;  con- 
tained granules  of  a  darkish  gi-een  coloiu-. 
AmongstLemn^andConfervPB.  1-1150". 

According  to  Cohn  (on  Protococcus, 
p.  559)  the  encysted  motile  zoospore 
(xrx.  31)  oi  Protococcus  (  C7ilamydococcus') 
pluvialis  is  the  same  as  this  species  Gyges 
Graniilum;  whilst  the  same  zoospores  di- 
vided into  two  must  be  regarded  as  the 
next  species,  Gyges  hipartitus. 

G.  hipartitus. — Crystalline,  gelatinous, 
and  nearly  spherical ;  the  supei-ficies  co- 
lourless, but  its  granular  contents  yel- 
lowish green ;  it  is  sometimes  seen  di- 
vided into  two,  at  others  as  a  simple 
sphere.    Amongst  Confei-vse.  1-480". 

G.  sanguineus. — Oval,  red,  inclining  to 
crimson,  surrounded  by  a  broad  colour- 
less ring  representing  the  enveloping 
lorica.  This  species  was  discovered  by 
Mr.  Shuttlewoi-th  ia  the  red  snow  which 
fell  at  the  Grimsel  in  August  1839.  Its 
motion  is  lively.  Group  527  (xvn.) 
shows  several  highly  magnified.  Found 
-with  Astasia  nivalis  and  Monas  gliscens, 
among  the  globules  of  Protococcus  nivalis 
(Ed.  Phil.  Journ.  v.,  xxix.).  1-1200"  to 
1  -300".  This  is  probably  only  the  '  still ' 
phase  of  adamydococeus  pluvialis. 

M  Vogt  gives  a  very  singular  account 
of  the  mode  of  reproduction  of  this 
-being.  He  says,  "  It  gives  off  fi'om  se- 
veral parts  of  Its  body  small  transparent 
buds,  apparentiy  vesicular,  and  tor  ttie 


most  part  filled  with  granular  matter. 
As  they  enlarge  they  become  gradually 
detached ;  sometimes  two  of  equal  size, 
of  which  one  is  red  and  loricated,  the 
other  colourless,  adhere  by  a  very  narrow 
point  of  attachment,  which  subsequently 
gives  way,  and  the  bud  appears  as  an 
Infusory  animal,  like  what  Mr.  Shuttle- 
worth  has  represented  ia  his  7th  and  8th 
figures,  and  which  approaches  Pandorina 
hyalina  (Ehr.)." 

This  accoimt  of  the  reproduction  of 
this  species  of  Gyges  is  so  peculiar  and 
exceptional,  that'  the  questions  aiise 
whether  it  reaUy  is  a  member  of  this 
genus  and  family,  and,  if  it  be,  whether 
the  description  is  a  correct  taterpretation 
of  the  facts  obsei-ved. 

M.  Vogt  adds  that  Gyges  sanguineus 
ought  not  only  to  be  looked  upon  as  the 
type  of  a  new  genus,  but  even  of  a  new 
family,  on  account  of  its  very  peculiar 
mode  of  reproduction.  He  fiu-ther  de- 
scribes a  new  species  : — 

G.  For/i!M.— Globular,  containmg  m  its 
interior '  fi-om  two  to  five  individuals, 
enveloped  bv  an  appai-eutly  silicious 
lorica ;  colour  dark  red ;  fi'eqiientiyfound 
adherent  and  aiTanged  in  the  form  of  a 
cross,  also  often  separate.  "  The  small 
individuals,  probably  the  yoimg,  were 
of  a  clear  yellow  hue.  I  could  not  ob- 
serve the  slightest  motion  in  them." 
—On  the  Animalcules  of  the  Eed  Snow, 
BihliotUque  Univ.  de  Genhvc,  May  1841. 
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Genus  PANDOEINA  (XIX.  59-69)  (Part  I.  p.  157).— Destitute  of  eye- 
spock  and  tail,  but  provided  with  a  globular  lorica  and  a  slender  filament. 
Diu-ing  self-division  tho  ereatui-e  acquii-es  the  appearance  of  a  mulberry. 
Transparent  vesicles  occur  in  one  species :  two  exhibit  green,  and  a  third 
coloiu'less  granules. 

Dujardin  esteems  the  presence  of  the  red  speck  to  be  insutBcient  to  distin- 
guish Eudoi-ina  as  a  genus  distinct  from  Pcmdorina ;  and  most  recent  observers 
agree  with  him. 

It  has  been  shown  by  Brami  (Rejuvenescence,  Bay  Soc.  1853,  pp.  169-209), 
as  well  as  by  others,  that  Ehrenberg  was  in  error  in  assigning  a  single  fila- 
ment only  to  Pcmdorina,  and  no  eye-speck — since  two  fiabella  extend  from 
the  more  pointed  extremity  of  the  beiag,  and  close  to  their  base  is  a  brownish- 
red  speck. 

Prof.  Henfrey  details  (if.  T.  1856,  p.  49)  the  characteristics  of  Pandorina 
much  more  fully,  and  corrects  the  errors  into  which  Ehi'enberg  fell.  He 
assumes  it  to  be  a  plant,  and  thus  describes  it : — "  Pandorina. — Prond  a  mi- 
croscopic, ellipsoidal,  gelatinous  mass,  containing,  imbedded  near  the  peri- 
phery, sixteen  or  more  biciliated,  permanently  active  gonidia,  arranged  in 
several  circles  perpendicular  to  the  long  axis  of  the  frond.  The  gonidia,  al- 
most globose,  with  a  short  beak-like  process,  a  red  spot,  and  a  pair  of  cilia 
which  project  through  the  substance  of  the  frond  to  form  locomotive  organs 
upon  its  surface.  Eeprodiiction :  1.  By  the  conversion  of  each  gonidium 
into  a  new  frond  within  the  parent  mass.  2.  By  the  conversion  of  the  go- 
nidia into  encysted  resting  spores,  which  are  set  free,  and  (?)  subsequently 
germinate  to  produce  new  fronds."  The  genus  more  closely  resembles  Ste- 
phanosphcBra  than  any  other  of  the  family. 


Pandohina  Morum  (Volvox  Morum, 
M.)  (xix.  59-69). — Body  simple  or  mul- 
tipartite, enclosed  within  a  simple  lorica. 
Colom-  green ;  filament  twice  as  long  as 
the  body.  In  water  with  LemnsB  and 
Confei-vae.  Size  of  individual  1-1150", 
cluster  1-120".  Some  individuals  broken 
from  the  cluster  by  Ehrenberg  have  not 
been  above  one-third  the  former  mea- 
sm-ement. 

P.  Morum  is  much  more  satisfactorily 
and  correctly  described  by  Mr.  Plenfrey, 
thus:  —  "Fronds  hyaline,  from  about 
1-80"  downwards.  Gonidia  either  16, 
and  then  arranged  into  circles  of  4;  or  32, 


and  then  in  5  circles — 2  at  the  poles,  of 
4,  and  the  intermediate  3  of  8  gonidia ; 
which,  in  the  perfect  form,  stand  near 
the  periphery,  and  wide  apart.  In  the 
forms  which  produce  the  restiag-spores, 
the  gonidia  are  crowded  together  m  the 
centre.  The  gonidia  are  green ;  but  the 
contents  of  the  resting-spores,  after  they 
have  become  encysted,  are  converted 
into  oUy  and  granular  matter  of  a  bright 
red  colom'." 

P.  hyalina. — Form  globular.  In  the 
Nile  with  Confervas,  and  is  a  doubtfid 
species.  1-5760". 


Genus  GONIUH  (XIX.  32-37;  Part  I.  p.  152).— Deficient  both  of  eye- 
speck  and  tail ;  lonca  simple ;  m  the  process  of  self-division,  form  regular  four- 
cornered  tablets  or  plates.  The  lorica  (a  lacema)  of  each  individual  (as  is  seen 
after  its  separation)  is  nearly  round ;  and  the  organism  can  cast  it  oft'  and  form 
it  anew.  In  one  of  the  species  ((?.  Pectorale),  two  vibratory  filaments  are 
placed  at  the  mouth  as  organs  of  locomotion,  &c.  ;  in  the  other  species  these 
have  not  been  observed.  Vacuoles  are  seen  within  (?.  Pectorale  ;  and  a  red 
speck  (produced  probably  by  refracted  light)  at  the  base  of  the  filaments  has 
been  conceived  by  Ehrenberg  to  indicate  the  mouth. 

_  Cohn's  elaborate  account  furnishes  the  following  additional  notes  on  Go- 
mum  {Enkuick.  p.  179  ;  and  Part  I.  p.  152)  :— The  quarh-ate  tablets  consist  of 
sixteen  polygonal  (mostly  hexagonal)  cells,  united  together  by  tubular  prolon- 
gations from  their  angles,  the  whole  being  siuTounded  by  a  common  gelatinous 
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investment  (the  envelope-cell).    Each  cell  or  gonidium  has  its  own  hyaline 
membrane,  is  somewhat  elongated  into  a  neck-like  form  on  one  side,  and  con- 
tains a  homogeneous  protoplasm,  chlorophyll,  and  dark  granules  (except  in  the 
neck-like  portion),  and  in  the  centre  a  single  chlorophyll  vesicle ;  besides  these, 
several  vesicular  spaces,  and  one,  two,  or  rarely  three  contractile  vesicles. 
From  the  pointed  end  two  filaments  proceed,  and  pierce  the  common  envelope, 
to  vibrate  freely  on  the  outside  of  the  tablet.    Eeproduction  by  fission  is  not 
a  simultaneous  act,  as  represented  by  Ehrenberg,  but  is  effected  by  repeated 
divisions  through  four  generations  or  series,  in  each  of  which  the  '  daughter 
cells'  severally  resolve  themselves  into  two  others,  as  happens  in  all  the  Yol- 
vocina  andPalmeUcEE.  The  result  of  this  act  of  reproduction,  when  uninterfered 
with  and  complete,  is  the  fonnation  of  sixteen  tablets  similar  to  the  parent, 
but  without  any  organic  connexion,  each  young  tablet,  however,  being  enclosed 
within  the  wall  of  the  parent  cell,  out  of  which  it  has  been  produced,  for  this 
cell-wall  takes  no  part  in  the  process  of  fission.    Sometimes  a  tablet  breaks 
up,  setting  its  component  gonidia  free,  when,  theii-  angular  processes  becoming 
absorbed,  and  their  membrane  further  removed  from  the  contents,  they  as- 
sume the  general  aspect  of  a  Ghlmnydococcus  or  Clilamydomonas,  and  probably 
enter  on  a  resting-stage  like  the  gonidia  of  Steplianosphaira.  Ehrenberg  be- 
lieved the  isolated  cells  to  be  reproduced  by  fission  like  those  united  in  the 
tablets ;  but  Cohn  never  observed  this  take  place.  If  this  resting-stage  actually 
occurs,  then  Qonium  is  propagated  by  '  macrogonida' ;  but  of '  microgonidia'  no 
evidence  has  been  discovered.    The  tablets  revolve  on  their  shorter  axis,  and 
hence,  on  a  polar  aspect,  appear  lilie  a  disk,  on  an  equatorial  Uke  a  line  of 
cells.    A  peculiar  structiu-al  relation  obtains  between  Gonium  and  Pechas- 
trum.    Lastly,  Cohn  asserts  that  Gonium  Pectorale  is  the  only  true  species  of 
this  genus ;  that  the  others  enumerated  by  Ehrenberg  are  motionless,  and 
belong  to  the  genus  Merismopedia  among  the  PalmeUacese. 


Gonium  Pectorale  (M.)  (see  p.  152). 
— Consists  of  sixteen  spherical  _  bodies 
enclosed  within  a  transparent  lorica,  and 
disposed  regularly  in  a  quadi-angiilar 
form,  and  in  the  same  plane,  like  the 
jewels  in  the  breast-plate  of  the  Jewish 
High  Priest,  whence  the  specific  name. 
The  four  central  ones  are  generally  larger 
than  those  which  siuTOund  them;  and  the 
combined  diameters  of  the  three  smaller 
balls  are  about  equal  to  the  two  larger 
centre  ones  to  which  they  are  attached ; 
the  external  corners  are  consequently 
vacant.  As  these  animalcules  swim  and 
revolve  in  the  water,  they  occasionally 
present  a  side  view  to  the  observer,  when 
the  circumference  of  the  larger  centi-al 
globules  may  he  seen  projectmg  beyond 
the  others.    Sometimes  the  clusters  ap- 
pear irregular.    They  are  of  a  beautiM 
transparent  gi-een  coloiu- ;  and  in  swim- 
ming, the  glohides  often  appear  of  an 
ellipsoidal  figure.  ^    ^  . 

In  order  to  obseiwe  the  sti-uctm-e  oi 
this  highly  curious  and  beautiful  crea- 
ture, considerable  adroitness  is  necessai-y 
in  the  management  of  the  microscope; 
whUe  a  little  indigo  conveyed  into  the 
water  with  the  point  of  n  camel  8-hau- 


pencil  win  be  requhed  to  see  the  whorls 
and  cun-ents  set  in  motion  around  it.  _ 

The  single  animalcules  (xix.  33)  swim 
Uke  the  Monads,  in  the  du-ection  of  the 
longitudiaal  axis  of  their  bodies ;  but  the 
tablets  have  a  variety  of  movements : 
sometimes  they  move  quite  horizontally, 
at  others  vertically,  at  others  again  on 
their  edge,  revolving  like  a  wheel.  A 
magnifyiag  power  of  200  diameters  is 
sufficient  for  general  examination;  but 
to  exhibit  all  the  structm-es  shown  in 
the  engravings,  four  times  that  power 
will  be  required.  In  cleai-  water,  salt 
and  fresh,  near  the  sm-face.  Discovered 
by  MiiUer  in  clear  water  at  Copenha- 
gen, 1773.  Size  of  animalcule  from 
1-460"  to  1-1150",  of  tablet  not  exceed- 
ing 1-280". 

G.  punctatum.  —  Coi-puscles  green, 
spotted  with  black,  and  enclosed  witliin 
a  crystalline  lorica.  Amongst  Confervae. 
1-4600":  a  tablet  of  16, 1-570"  in  breadth. 

G.  tranquiUum.  —  Corpuscles  gi-een, 
within  a  crystalline  lorica,  each  1-2880"; 
a  tablet  of  "16  coi-puscles,  from  1-140"  to 
1-220"  in  breadtli.  Tablet  sometimes 
t^vice  as  broad  as  long. 

G.  /iyrt/!W«»i.— Corpuscles  transparent, 
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w-ithin  a  ci78tallino  envelope.    In  stag-  The  number  of  animalcules  m  the  tablets 

nant  water."  Coi-puscles  1-8000" ;  tablet  varies  from  four  to  sixty-four.    In  sua- 

of  20  to  25,  1-600"  in  breadth.  water.    Size  1-5000"  ;  tablet  1-500"  m 

G.   (jlaucum.  —  Corpuscles    bluish-  diameter, 
green,  within  a  crystalline  envelope. 

Gonium  tranqwillum  and  G.  glaucum,  says  Perty,  are  Algee  (i.  e.  ho  would 

say,  are  not  members  of  this  genus).  He  adds  as  a  neAV  species. 


G.  helveticum. — The  green,  spherical 
corpuscles  combined  in  a  tabular,  gela- 
tinous envelope,  without  any  intercom- 
municating bands,  each  fm-nished  with 
a  fine  red  stig-ma  and  two  ciliary  loco- 
motive filaments.  On  a  polai-  view,  one 
large  round  vesicle  is  visible;  on  the 
lateral  aspect,  two  such  are  apparent, 
one  larger  than  the  other.    On  drying 


the  specimen,  the  stigma  itself  assumes 
the  form  of  a  vesicle.  It  is  readily  dis- 
tinguished from  G.  qmclrangulatmn  by 
the  absence  of  the  connecting  bands  or 
tubules  between  the  several  corpuscles 
in  the  tablet.  Diameter  of  tablet  1-360", 
of  coi-puscles  1-1300".  Filaments  2^ 
times  longer  than  the  gonidia.  In  pond^ 
about  Bern. 


Genus  SYKCRYPTA  (XX.  26-28).— This  genus  is  mainly  characterized 
by  secreting  or  hiding  itself  (as  the  name  implies)  within  a  second  envelope. 
Each  individual  is  provided  with  a  special  lorica  of  the  form  of  a  little  shield 
(scutellum),  and  is  united  with  others  in  a  common  gelatinous  envelope  (la- 
cerna)  into  which  it  can  retreat ;  neither  eye-speck  nor  tail  is  present,  but 
there  is  a  large  filament ;  self-division  longitudinal.  The  filaments  of  the 
several  corpuscles  give  the  cluster  an  appearance  of  being  surrounded  with 
hau's. 

With  this  genus  Dujardin  would  identify  his  Gryptomonas  (Tetrahcem). 
The  very  doubtful  position  and  independence  of  this  genus  as  a  member  of 
the  Volvocina  have  been  remarked  on  in  the  general  notes  on  this  family 
(p.  144).  Mr.  Carter,  in  a  paper  lately  published  (A.  N.  H.,  1859,  iii.  p.  1  et 
seq.),  represents /Syticrypte  to  be  the  "  spermatic  form  "  of  Volvox  or  of  Sphce- 
rosira  (Ehr.).   (See  notes  on  Sphjeeosiba.) 


Syncbypta  volvox  (xx.  26-28).  — 
Form  oval ;  colom*  green,  with  whitish 
rays  in  the  centre.  Generally  in  water 
di-ained  fe-om  ConfervoB.  1-2880";  a  clus- 
tered globule  in  its  crystalline  tunic, 
hardly  exceeding  1-570".  Fresenius 
states  that  he  has  seen  a  red  stigma  in 
each  coi-puscle,  which  was  overlooked  by 
Ehrenbero;. 


This  berry-like  cluster  of  animalcides, 
when  rolling  through  the  water,  is  a 
beautiful  object  for  the  microscope;  and 
with  the  aid  of  a  little  indigo,  the  nu- 
merous ciuTeuts  it  creates  are  readily 
perceived :  xx.  27.  magnified  260  dia- 
meters ;  fig.  26.  400 ;  and  fig.  28  a  cluster 
about  to  sever  into  four. 


_  Genus  SYNTJEA  (XX.  29,  30).— Eye-speck  absent ;  tail  filiform,  attached 
either  to  the  base  of  its  own  lorica  or  to  the  centre  of  the  cluster  to  which  it 
belongs.  The  general  envelope  is  spherical,  gelatinous,  and  is  hoUowcd  out 
by  as  many  compartments  or  cells  as  there  are  individuals  in  tlie  Httlc  com- 
munity. Prom  out  of  these  coUs  they  can  stretch  themselves  a  considerable 
distance,  whUst  they  continue  attached  by  the  extremely  delicate  and  exten- 
sible tail.  This  so-caUed  tail  or  pedicle  is  homologous  with  the  connecting 
rays  or  threads  of  the  several  coi-pusclcs  in  the  globe  of  Volvox,  and  is,  like 
them,  a  production  of  the  protoplasm  of  the  interior.  As  before  remarked, 
this  genus  is  doubtfully  retained ;  for  the  chief  distinctive  feature  Ehrenbcrg 
insists  on,  viz.  the  presence  of  a  double  lorica,  loses  its  significance  now  that 
modem  researches  have  shown  that  the  formation  of  a  second  or  common  en- 
velope is  an  ordinary  phenomenon  at  a  certain  stage  of  existence  of  most  or 
of  aU  Volvocina.  Moreover,  the  description  given  of  this  genus  is  too  loose 
and  faulty,  and  its  accompanying  illustrations  too  rude,  to  render  it  possible 
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to  rightly  appreciate  its  characters  and  to  assign  it  its  proper  place,  even  if 
it  is  admitted  to  be  an  independent  organism.  Mr.  Carter  has  lately  pub- 
lished (A.  N.  H.  1859,  iii.  p.  10)  the  opinion  that  Synura  is  the  "  spermatic 
form  "  of  Volvox  or  of  S^ylicerosira.  (See  notes  on  Sph^doshia). 
Synxjba  uvcUa.—CoTansc\Q%  oblong, 


a  cluster,  and  the  manner  in  which  the 
tails  are  inserted  in  the  common  enve- 
lope. This  species,  along  with  Srjncnjpta 
and  Uroylena  Volvox,  may  have  often 
been  confounded  with  Uvella  virescem. 
Length,  exclusive  of  tail,  1-700" ;  dia- 
meter of  cluster  from  1-190"  to  1-280". 


yellow,  capable  of  extending  themselves 
to  three  times  their  usual  length,  by 
means  of  the  extensile  tail.  The  cluster 
has  the  foi-m  of  a  midberry,  and  its  mo- 
tion is  rolling  like  that  of  Volvox  Globa- 
tor.    XX.  29,  XX.  30,  show  a  portion  of 

Genus  TJEOGLElSrA  (XX.  31).— The  members  of  this  genus,  unlike  other 
Volvocina,  possess  both  an  eye-speck  and  tail ;  they  live  in  clusters  under  a 
common  envelope  {lemma),  which  is  subdivided  into  cells  for  the  accommo- 
dation of  the  several  individuals.  Self-division  takes  place  simply  and  equally 
in  these  individuals,  whilst  in  theii^  clustering  condition.  They  are  placed  at 
uniform  distances  from  each  other,  attached  by  their  tails,  which  radiate  fi-om 
the  centre.  Each  monad  is  furnished  with  a  filament,  which  projects  ex- 
ternally and  gives  to  the  entire  group  the  appearance  of  bemg  covered  with 
hairs.  When  the  creatures  divide,  the  mantle  or  lacerna  enlarges  only,  and 
does  not  itself  undergo  fission.  The  red  speck  is  in  the  fore  part  of  the  body  ; 
the  tail  is  filiform,  resembling  that  of  Vorticella  and  Boclo. 

The  tail  mentioned  in  the  above  description  is  the  same  as  that  of  Synura  : 
the  use  of  the  term  is  veiy  inappropriate  in  both  cases.  It  may  be  that 
Cfroqlena  should  be  united  with  Synura  as  Dujardin  proposed,  smce  the 
presence  of  an  eye-speek  in  the  former  and  its  absence  m  the  latter  is  not 
distinctive;  still  we  know  too  Httle  of  the  being  which  Ehi-enberg  would 
caU  a  Uroglena,  to  come  to  a  decision  respecting  its  afBnities  and  genenc 

^^'rSrSS  is  another  which  Mr.  Carter  would  set  aside,  as  he  considers  jt 
{A.  N.  E.  1859,  iii.  p.  10)  the  same  with  Sphcerosira,  or  the  "  spermatic 
form  "  of  Volvox.    (See  notes  on  Spilehosiba.) 

family.  Ehrenberg  states  that  he  has 
observed  individuals  with  two  or  three 
colom-ed  specks,  which  he  conceives^  to 


have  been  a  symptom  of  approaching 
self-division.  In  tm-f  water.  Diam.  ot 
cluster  1-90". 


Uboglena  Volvox  (XX.  31).— Cor- 
puscles yeUow,  oblong ;  tail  extensible, 
from  thi-ee  to  six  times  the  length  of  the 
body,  and  even  more ;  cluster  midberry- 
shaped.  There  is  Httle  doubt  that  smgle 
corpuscles  of  this  genus  have  often 
been  taken  for  creatiu-es  of  a  different 

Genus  EUDOEINA.— Has  no  taH,  but  possesses  a  distinct  eye-speck,  and 
a  simple  vibratory  filament  anteriorly.  Self-division  proceeds  simply  and 
eouaUy  whilst  the  corpuscles  retain  their  clustered  condition.  Ihey  are 
periodicaUy  able  to  cast  off  their  globular  envelope  (lacerna),  and  to  exude  a 
new  one,  like  certain  Annelida.  To  observe  the  eye-speck,  a  power  ot  dUU 
diameters  must  be  skHfiiUy  employed.  „    7   •  •k„c 

Duiardin's  proposition  to  combine  Eudorina  with  Pandorina  has  been 
already  mentioned  (p.  515),  and  appeai-s  to  be  a  correct  one.  The  assigned 
characteristic  difference  between  those  two  genera  is  wortliless;  iovPamtonna, 
like  Eudorina,  has  a  coloured  speck  (see  p.  157  et  seq.). 

generally  from  30  to  50  individual",  and 
never  less  than  15.  Motion  revolving. 
Fiff.  47  exhibits  the  filamciit<?  extended 


EunOBiNA  efcr/ans.— Corpuscles  green, 
olobulnr,never  protruding  from  the^ir  cells 
bovond  the  common  envelope,  btiginn, 
sparkling  ivd.  The  clusters,  whirh  nro 
of  nn  oval  or  globular  form,  coiitain 


and  the  bodies  of  the  animalcules  within 
the  Incernn  {i.e.  the  "common  cnvc- 
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lope").  Clusters  of  tliese  beautiful  ani- 
iniileidos  ni'e  often  seen  in  such  amazing- 
numbers,  along  with  the  Volvox  Globator 
and  Chlami/domoms  Palcisculus,  as  to 
render  the  water  (otherwise  colourless) 
of  a  decided  gi-een  colour-,  especially 
towards  its  edg-es.  They  ai'e  exceed- 
ingly delicate — so  much  so  that  it  is 
difficidt  to  presen-e  them  alive  for  more 
than  a  day  or  two :  whenever  it  is  at- 


tempted to  retain  them  in  large  quanti- 
ties, the  second  day  vnW  generally  ex- 
hibit a  thick  mass  of  dead  ones  at  the 
bottom  of  the  vessel.  When  a  few 
only  remain  alive,  if  the  stale  water 
be  poured  away,  and  they  are  removed 
into  a  vessel  of  clear  water,  they  will 
live  for  weeks.  At  Hackney  and  Hamp- 
stead;  most  abimdant  in  the  spring  of 
the  year.    Diam.  of  cluster  1-180". 


Genus  CHLAMTDOMONAS  (XVIII.  40,  51-54;  XIX.  16)  (Part  J. 
p.  146). — Tail  absent,  eye-speck  distinct  red,  filament  double ;  multipUcation 
takes  place  by  self-division  within  the  common  envelope,  which  is  ruptiu'ed 
to  give  the  products  liberty.    The  loiica  indistinct  in  young  beings. 

Eraun  {On  Rejuvenescence,  Bay  Soc.  1853,  p.  158)  ajjpears  to  elevate  this 
genus,  in  imion  with  Ghlamydococcus  and  Glceococcus,  to  the  rank  of  a  family 
parallel  mth  the  Volvocina,  under  the  name  of  Clilamyclomonada.  Indeed, 
although,  as  Cohn  has  weU  shown,  these  genera  agree  in  aU  essential  pai'ticu- 
lars  and  relations  with  the  Volvocina,  yet  the  existence  of  each  gonidium 
as  an  independent  being  contrasts  so  strongly  with  the  aggregate  condition 
of  the  rest  of  the  Volvocina,  that  there  seems  sufficient  ground  to  group  them 
as  a  sub-family.  In  order,  therefore,  to  retain  the  Chlamydomonada  toge- 
ther, we  shaU  depart  from  our  usual  custom,  by  insertiag  the  new  genera 
Chlamydococctis  and  Glceococcus  after  Chlamydomonas.  Chlamydomonas  was 
erroneously  transferred,  as  before  noticed,  by  Dujardin  to  the  Thecamonadina, 
and  renamed  Diselmis.  Its  characters  are  thus  discussed  by  Braun  (oj?.  cit. 
pp.  214,  215)  : — "  Ghlamydomonas  is  distinguished  from  the  genus  Ghlamydo- 
coccus by  the  closely  applied  membrane  of  the  old  swarming- cells,  also  by  the 
absence  of  the  little  starch-vesicles  in  the  interior,  while,  however,  as  is 
usual  in  most  of  the  PalmeUaceae,  a  single  large  chlorophyll  utricle  exists  in 
the  interior.  There  is  no  central  red  nucleus,  as  in  the  gonidia  of  Ghlamy- 
dococcus ;  but  some  species  have  a  parietal  red  spot.  Motion  is  effected 
by  two  cilia,  as  in  Ghlamydococcus.  As  in  that  genus,  there  is  a  growth  of 
the  gonidia  during  swarming,  which  lasts  over  the  day  and  night  There  is 
also  a  formation  of  microgonidia,"  and  a  resting-stage  in  which  the  colour 
changes  from  green  to  yellowish  red,  or  to  red. 


CmAMYDOMONAs  Pulvisciilus  {Motias 
Pulvisculus,  M.)(xix.  16). — Colour  gi-een ; 
lorica  oval ;  eye-speck  bi-illiant  red ;  fila- 
ment double.  (See  Diselmis  viridis, 
p.  512.)  Cohh  identifies  it  vtith.  Polytoma 
Uvella. 

These  creatures  form  a  large  portion 
of  the  green  matter  which  colours  the 
water  contained  in  water-butts,  ponds 
and  puddles  in  the  summer  and  autuixm, 
and  especially  after  a  storm.  They  will 
rarely  fail  to  bo  observed  when  any  of 


this  green  water  is  examined  imder  the 
microscope.  Whenever  these  creatiu-es 
exist  m  large  quantities,  midtitudes  of 
them  and  of  their  envelopes  rise  to  the 
smface  of  the  water,  and  form  a  "reen 
sti-atiun  upon  it.  Although  this"  film 
somewhat  resembles  one  of  tUvaceffi,  vet 
It  IS  easily  distinguishable  by  its  com- 
position of  livhig  coi-puscles  with  red 
specks,  connected  together  by  a  loose 
mucous  tissue,  formed  of  dead  speci- 
mens and  empty  loricte.  1-550". 


•  •     1        ,1  ""-^ ''^™™iinca  by  an  act  of  ffcrmination  This 

i7-,-     1        p  "^^^      ^'"(tn^/domonas  FHlviscuhiii. 
D,:ln  d  n%     ^'^^'f       «Pecies  of  Chlamydomonas,  those  forms  described  by 
Pujardm  us  mombcrs  of  D,sclm;s  (p.  512)  should  probably  take  their  pla^e 
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here.  Braun  describes  the  following  new  species,  premising  the  remark  that 
"  the  species  are  doubtless  very  numerous,  but  the  distinction  of  them  from 
one  another,  as  well  as  from  the  swai-ming  cells  of  many  other  Alga;,  is 
very  difficult  without  a  complete  acquaintance  with  the  history  of  their 
existence." 


C.  oft^Msa  (Braun). — Colour  dark  gi-een; 
truncate  at  both  ends,  and  oblong,  chaug- 
ino-  to  spherical  and  a  yellowish  brown, 
and  at  length  a  red  colour  on  assuming 
the  restiag-stage.    "The  macrogonidia 
grow  dm-ing  swarming,  from  l-60th  to 
'almost  l-30th  of  a  millimetre  long ;  they 
are  longish,  of  equal  diameter  on  both 
sides,  and  very  obtuse,  almost  truncated, 
haviag  a  colourless  space  at  the  ciliated 
extremity,  presenting  the  form  of  a  notch. 
The  contents  are  dark_  green,  finely 
granular,  with  a  large  vesicle  at  the  pos- 
terior extremity,   a  roundish  lighter 
space  ni  front  of  this,  and  no  red  point. 
They  midtiply  by  simple  or  double 
halving  in  several  successive  genera- 
tions.   Sometimes  a  fm-ther  continua- 
tion of  the  division  of  the  full-grown 
macrogonidia  occm-s,  forming  16  or  32 
macrogonidia  from  l-200th  to  l-120th 
millimetre  long,  of  ovate  shape  and 
lighter  colom-,  tending  towards  brownish- 
yellow.     The  resting  (seed-)  cells  are 
globidar,  about  l-40th  millimetre  m  dia- 
meter, at  first  green,  subsequently  light 
yellowish-brown,  finally  flesh-red ;  they 
have  a  tough,  colourless,  and  transpa- 
rent membrane.    In  the  Ehine  vaUey, 
near  Freiburg,  in  pools  in  sand-pits, 
which  are  occasionally  almost  completely 
di-ied  up  in  siramier." 

C.  tinf/em  (Braun).— Gonidia  smaller 
than  in  'the  preceding  species,  1-120  to 
1-60  millim.  long,  ovate,  lighter  gi-een, 
likewise  destitute  of  a  red  spot;  the 
membrane  is  more  distinct  in  old  age. 
Increase  by  double,  rarely  by  single 
halving ;  in  the  former  case,  by  decussat- 
ing sections.  Contents  gi-amdai",  pimctate 
in  appearance,  green,  with  one  large 
vesicle.  In  the  resting-stage  they  ac- 
quire a  pale  reddish  coloiu: ;  the  vesicle 
becomes  indistinct,  and  the  contents 
coarsely  granular  in  aspect  fi-om  the 
foi-mation  of  oil.  Microgonidia  also  are 
formed.  "The  resting-  but  still  green 
condition  seemed  to  me  to  con-espond 
to  Protococcus  Felisii  (K.),  that  which 
turned  red  through  desiccation,  to  P/-. 
Orsinii."  In  pools  near  Freibm-g.  Oohn 
(Entwich.  pp.  202,  203)  detected  two 
vesicles  in  Chlatmjdotnonas,  below  the 


point  of  insertion  of  the  filaments,  very 
slowly  but  rhythmically  contractile,  and 
mentions  a  species  imder  the  name  of 
Chlamydomonas  hyalina,  which  he  malces 
synonymous  with  Pulytoma  Uvella  (E.), 
and  states  to  difler  from  CJi.  Palcisculua 
only  by  the  want  of  chlorophyll  and  of 
a  red  speck  (op.  cit.  pp.  140  &  169).  He 
moreover  notes  a  new  form,  probably 
generically  distinct  by  having  not  a 
globular  but  a  winged  prismatic  figiu-e, 
quadrangular  on  a  transverse  section, 
with  the  two  wings  like  two  outstretched 
points,  although  in  other  respects  agree- 
ing with  Chlamydotnonas  Pulviscidiis. 
Perty  (p.  85)  objects  to  making  Clila- 
mydomonas  a  genus  of  Volvocina,  and 
refers  it  instead  to  the  so-called  "  Spo- 
rozoidia."  He  ftu-ther  tells  us  that  CJd. 
Pulviscidus  (E.)  is  rare  about  Bern,  but 
there  is  a  smaller  foi-m  very  common, 
which  he  proposes  to  call 

C.  communis  (Perty). — He  finds  also, 
but  less  frequently,  a  more  globulai- 
variety,  which  appears  to  be  the  Tra- 
chelomonas  emarginata  (Eichwald),  but 
is  in^  fact  a  Chlamydomonas,  which  he 
names 

C.  globulosa  (Pei-ty).  —  His  species 
Hysginum  pluviale  j^and  S.  iiivale  (i.  e. 
Chlamydococcus)  he  suggests  uniting, 
with  the  species  of  Clilamijdomonas,  into 
a  group  (of  Sporozoidia)  under  the  name 
of  Schizonema. 

C.  midtifilis  (Fresenius). — Roimd  or 
oval ;  a  distinct  nucleus  m  the  centre  ; 
granidar  contents  green ;  filaments  foiu-, 
longer  than  the  cell ;  at  then-  base  a  rose- 
colom-ed  contractile  vesicle,  and  poste- 
riorly to  this  a  red  stigma.  Lorica  thin, 
closely  investing  contents.  As  many  as 
six  filaments  seen  in  some  lai-ger  speci- 
mens. 1-92"'  to  1-63"'.  In  fresh  water. 

C.  hyalina  (Cohn,  Fi-esenius).— Elon- 
gated elliptical ;  roimded  at  both  ends ; 
filaments  two,  longer  than  the  body; 
posterior  half  of  cavity  occupied  by  gra- 
nides ;  a  clear  non-contractile  space  in 
the  centre ;  a  small  contractile  sac  at  the 
base  of  the  filaments.  1-66"'  to  1-46'". 
In  ponds  colom-ed  by  Euglmcs. 

It  is  doubtfully  separable  from  Chi 
Pulviscidxis. 


Genus  CHLAMYDOCOCCUS  (Part  I.  p.  148)  (XIX.  20-31  ).-Gonidi. 
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spherical ;  colour  green  or  red,  enclosed  by  a  hyaline  structureless  mem- 
bnuio,  removed  some  distance  from  the  coloured  contents  by  a  clear  interspace 
or  areola.    The  central  protoplasm,  colom-ed  by  chlorophyll  or  a  red  oil,  and 
haviag  one  or  more  chlorophyll  utricles  at  the  centre,  has  its  spherical  figure 
destroyed  by  an  elongation  at  one  part  into  a  tapering  process,  from  which 
two  iilaments  proceed,  and,  after  perforating  the  external  "  envelope  cell," 
protrude  as  motile  vibratile  organs.    The  inner,  coloured  globule  has  no 
special  membrane,  and  in  consequence  undergoes  multiform  transformations 
of  ite  outline  in  the  com-se  of  development.  In  the  resting-stage  the  enclosed 
coloured  mass,  the  "  primordial  cell,"  secretes  over  its  surface,  inside  its  enve- 
lope cell,  a  new,  tough,  cellulose  membrane,  whUst  the  envelope  cell  is  dissolved 
into  a  mucous  layer.    In  such  still  cells  macrogonidia  are  produced  by  fission  of 
the  contents,  in  the  power  of  two,  and  after  a  time  burst  through  the  parent  cell, 
develope  their  two  ciliary  filaments,  and  proceed  to  develope  a  cellulose  mem- 
brane over  their  entire  smface,  which  becomes  further  and  fui'ther  removed 
until  they  acquire  the  characters  of  the  ordinary  moving  cells.    When  divi- 
sion is  more  frequently  repeated,  microgonidia  are  formed,  which  move  much 
more  actively,  and  do  not  secrete  an  envelope  ceU ;  they  axe  incapable  of 
propagation,  and  pass  immediately  into  the  condition  of  rest.    The  motionless 
cells  of  CUamydococcus  are  of  much  simpler  structure  than  the  motUe,  and 
consist  simply  of  a  tough,  spherical,  cellulose  membrane,  and  green  or  red 
contents,  organized  as  a  primordial  utricle.    Yacuoles  are  found  among  the 
contents  of  OJdannjdococcus-ceUs ;  but  a  conti-actile  vesicle  has  escaped  obseiw- 
ation.   Chlamydococcus  and  the  two  aUied  genera,  Glceococcus  and  CJdamydo- 
monas,  diff'er  from  the  true  Yolvocinese  in  this  respect :  viz.  they  separate  from 
each  other  after  complete  fission,  as  primordial  utricles,  and  then  severally  pro- 
ceed to  form  an  independent  envelope  cell;  whilst  the  rest  of  the  Volvocine^ 
continue,  on  theii-  production  by  fission,  to  Hve  in  groups  and  produce  ai-ound 
theu'  aggregated  mass  an  envelope  cell  in  common.    It  bears  the  same  rela- 
tion, therefore,  to  the  rest  of  the  Volvocineae  that  Pleurocoeais  does  to  Palmella 
Cyclotella  to  Meloseira,  or  Vorticella  to  Einstylis.    Chlmmjdococms  is  distin- 
guished from  the  moving  germs  (sporozoids)  by  which  the  greater  number  of 
AlgiB  propagate,  both  by  a  somewhat  more  complex  stnictui-e,  and  by  the 
circumstance  that  the  motion  lasts  for  a  very  long  time,  and,  finaUy  by  the 
power  of  the  nioving  cells  to  propagate  as  such,  without  entering  into  the 
state  of  rest  otherwise  than  as  quite  a  temporary  condition.    Perty,  who  has 
studied  thi^  genus  very  minutely,  employs  the  term  Hysginum  to  designate 
it,  although  It  had  previously  received  other  names  from  other  observers 
besides  that  we  have  employed.    Indeed,  oxving  to  the  various  appeUations 
given,  and  especiaUy  the  specific  names  invented  for  the  multiform  varieties 
ot  the  same  orgamsm,  the  synonyms  became  very  perplexing  and  a  positive 
impediment  to  the  progress  of  our  Wledge  of  this'  geni^.    A^ong  the 
multitude  of  pi-oposed  species,  two  only  are  now  accepted,  viz.  CldamydococZ 
pluvudis  and  CM^^^^^^  but  their  distinctive  chai^cters  are  nowS 

detailed  m  a  defimte  and  avaUable  fom  for  our  pm-pose.    The  i-ed  snTw  of 
A  pine  regions  is  the  red  variety  of  both  these  species     The  othei- varietiS  of 
Chlan^ydococ^^  have  been  more  widely  described  under  ttie  titbS 
a>ccus,  and  those  of  a  red  colour  under  that  of  //cema^ocom«.     Cohn  cites 

tht   Z  P T  "w-  ^       Monograph  on  this  orgaism  employs 

adon  sXwf 'r^^  ^r"''"^'"'  '^^^^^''^Sh  in  a  subsequent  ^contribution  he 
fotn  of  2  .  '^^'^Snation  as  employed  by  us.  The  many  mochfications  of 
hZ  J  '^'T  ^^''''''^  cii-cumstances  of  development  and 

habitat  have  received  as  many  different  names,  from  the  notion  of  theS 
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being  specifically  distinct.  These  Cohn  has  pointed  out  in  his  essay ;  but  only 
that  portion-  of  them  is  worth  citing  which  has  attracted  notice  in  various 
works.  "  Thus  the  still  Protococcus-ce]l  corresponds  to  the  P.  Coccoma  (Kutz.): 
when  the  border  becomes  gelatinous,  it  resembles  P.  pulcher,  and  the  small 
cells  P  minor.  The  encysted  motile  zoospore,  on  the  other  hand,  is  the  Gijges 
0-ranulum,  and  resembles  also  P.  turgidus  (K.)  and  perhaps  P.  versatilis 
(Braun).  The  zoospores  divided  into  two  must  be  regarded  as  a  form  ot 
Giiges  Upartitus,  or  of  P.  dimidiatus."  A  red  variety  of  the  ceU  was  de- 
scribed by  Girod  Chantrans  as  a  Volvox,  under  the  name  of  Volvox  lacmtris ; 
but  Party  refers  it  to  Hcematococcus. 

Chlamydococcus  p^MfjaZM.— Sufficiently  characterized  in  the  above  history. 

Chl.  w;i.-flZM.— Unsatisfactorily  distinguished. 

Genirs  GLCEOCOCCUS.— This  is  a  new  genus  suggested  by  Braun  (On 
Rejuvenescence,  p.  159),  who  thus  describes  it :— "  Ovate,  green  ceHs,  with  a 
coloiu'less  point,  fi'om  wHch  a  funnel-shaped,  lighter  space  extends  inwards  ; 
a  rather  large  vesicle  also  is  formed  at  the  posterior  extremity.  Multiphca- 
tion  by  simple  or  double,  in  the  latter  case  decussating  fission  after  which 
the  cells  remain  loosely  connected  together  by  the  secretion  of  soft  gela- 
tinous, confluent  coats,  forming  globular  and  finaUy  amoi-phous  families 
(•clusters).    The  ceUs  of  aU  the  generations  succeeding  each  other  durmg  the 
formation  of  these  famiHes  (excepting  the  transitory  cells  in  the  case  oi 
double  halving)  are  provided  with  two  very  long  persistent  ciha,  which  dis- 
appear only  when  division  commences.    The  cells  exhibit  a  feeble  motion 
iiside  the  enveloping  and  connecting  jeUy,  the  antenor  end  jerking  m  and 
or  suddenly  detracting  a  Httle.    The  last  generation  of  the  family  leave 
the  gelatinous  mass,  and  swarm  out,  to  settle  down  quickly  in  some  othei 
place     It  is  probable  that  the  formation  of  a  new  family  is  preceded  by  a 
rather  long  state  of  rest-perhaps  there  are  several  restmg  generations  ;  but 
we  have  no  obsei-vation  on  this  point."   A  red  speck  is  not  perceptible.  Two 
species  axe  named : — 


Glceococcus  mucosus. — The  full- 
grown  cells  are  1-60  to  1-50  millim. 
lono' :  the  clusters,  foimiag  at  the  bottom 
of  little  ponds,  attain  the  size  of  an 
apple,  and  are  of  compressed  globular, 
often  lobed-shaped  form ;  but  at  length 
they  break  up,  and  come  to  the  siuface  of 
the  water  in  in-egnlar  frag-ments.  The 
gelatinous  mass  has  a  peculiar  greenish 
spotted  aspect,  which  depends  upon  sub- 
ordinate gi-oups  of  generations  being 
more  closely  packed  together 


G.  minor.  —  Perhaps  specifically  di- 
stinct. Appears  m  the  springs  at  Frei- 
biu-g  early  in  the  year,  ia  the  form  of 
lio-ht-yellowish-green,  often  pear-shaped 
"stocks"  (masses),  almost  as  lai^e  as  a 
hazel  nut,  attached  to  the  sides  of  the 
gutters  of  the  spiings,  finally  becoming 
detached,  swimming,  and  shapeless.  Ihe 
cells  are  somewhat  small,  1-100  to  l-/o 
millun.  long. 


rrfinus  SPMKOSIEA.— Tail-like  process  absent ;  eye-speck  and  fila- 
ment^'gie^lf-division,  unHk^  that  in  the  preceding  gen-a,  oceui.  u^^^ 
roTally  mthin  the  envelope,  and  foi-ms  young  clustei-s  at  once  fi-om  tho  pa  ent 
ones  Sis  genus  differs  from  Pandorina  in  having  the  eye-spedc,  fiom 
ZJ^rma  by  its  unequal  mode  of  self-di^dsion,  and  from  Volvox  by  its 
Sinle  mame^^  Self-division  in  these  creatures  takes  place  m  the  long^- 
SdSSn,  in  parallel  planes;  so  that  lamina  are  produced,  as  m  the 

'T/Lttr- heretofore  remarked,  is  regarded  by  Prof.  B-k  as  a  doubtfiil 
^^jtorosr  «,  I  however,  unable  to  speak  positively  on  this 
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which  he  had  some  reason  to  suijpose  it  a  peculiar  mode  of  development, 
ranks  it  as  only  a  species  of  Volvox,  instead  of  elevating  it  to  the  rank  of  a 
genus,  and  calls  it  Volvox  Sphcerosira.    Dujardin  also  denied  the  distinction 
drawn  by  Elu-enberg  between  Sphm-osira  and  Volvox,  but  did  so  fi-om  mis- 
taken views ;  for  he  represented  Volvox  to  have  only  a  single  filament,  whereas 
both  this  and  Sjphceyosira  have  two.     "  It  presents  the  appearance,"  says 
Mr.  Busk  {M.  T.  1852,  p.  33),  "  of  a  transparent  globe,  set  with  green  spots, 
but  it  differs  from  the  ordinary  varieties  of  Volvox  Glohator  in  two  important 
respects :  1,  in  the  absence  of  any  internal  globules  or  embryos ;  2,  in  the 
ii-reg-ular  size  of  the  gxeen  granules  lining  the  wall  which,  instead  of  being  of 
uniform  size,  are  of  various  dimensions.    The  difiPerent-sized  granules  are 
iiTegularly  disposed,  although,  in  relation  to  the  sphere  itself,  they,  or  rather 
the  centres  of  them,  are  as  regulaiiy  distributed  as  in  the  three  just-described 
forms  (of  Volvox).    What  is  rather  remarkable  with  respect  to  this  form  is 
the  circumstance  that  the  larger  granules  ai'e  not  disposed  over  the  whole 
peiiphery  of  the  sphere,  rarely  occu]3ying  more  than  two-thirds  of  it  towards 
one  side."    Again,  he  adds — "  The  smaller  ones  appear  to  resemble  in  all 
respects  those  of  Volvox  Glohator,  and  each  to  possess  two  cilia,  which  is  im- 
portant, if  ti-ue,  because  the  only  distinction  between  Volvox  and  S^Jiarosira 
in  Ehrenberg's  classification  depends  upon  the  circumstance  that  in  Sxjhce- 
rosira  there  is  only  one  cilium  to  each  zoospore,  whilst  there  are  two  in 
Volvox. 

"  My  supposition  that  S.  Volvox  and  V.  Glohator  are  allied  is  founded,  it 
must  be  owned,  not  upon  any  du-ect  observation,  but  chiefly  on  the  fact  that 
in  the  water  in  which  the  specimens  of  Volvox  were  eontaiaed  there  were  at 
first  none  of  Sphcerosira,  any  more  than  of  V.  aureus,  and  that  after  some 
days  both  were  very  numerous.  The  difference  I  am  about  to  describe  in  the 
after-development  of  the  ciliated  zoospores  is  not  by  any  means  a  suflicient 
ground  upon  which  they  should  be  deemed  distinct  species,  because  much 
greater  differences  are  known  to  exist  in  other  of  the  lower  Alg«  dming  their 
various  forms  of  development,  without  it  being  thence  allowable  to  suppose  that 
they  are  of  different  species.  In  Volvox  Sphcerosira,  then,  as  at  all  events  it 
may  be  termed,  the  larger  green  granules  are  in  fact  the  ciliated  zoospores  ui 
a  state  of  firrther  progressive  development.  In  the  same  specimen  they  will 
be  seen  in  all  states  of  division  or  segmentation, — fii-st  into  two,  then  iato  four, 
and  so  on,  tiU,  as  in  the  case  of  the  embryo  Volvox,  the  ultimate  result  of  the 
segmentation  constitutes  numerous  minute  ciliated  cells  or  bodies,  not,  how- 
ever, as  in  that  case,  lining  the  ianer  surface  of  the  wall  of  a  spherical  case 
but  forming  by  their  aggregation  a  discoid  body  in  which  the  sepai-ate  fti^i- 
lorm  ceUs  are  connected  together  at  one  end,  and  at  the  other  are  free  and 
fiirmshed  each  Avith  a  single  cilium.  In  this  stage,  theii-  compound  m'asses 
become  free  and  swim  about  in  the  water,  constituting,  in  fact,  a  species  of 
the  genus  Uvella,  or  of  Syncrypta  of  Ehrenberg  " 

Mr.  Carter  affirms  {A.N.H.  1859,  iii.  p.  4)  that  Spha^rosira  is  not  a  distinct 
genus  but  the  "  spermatic  form  »  of  Volvox  Glohator,  which  he  describes  as 
one  phase  of  development  of  this  species,  wherein  upwards  of  a  himdred  of 
the  gonicha  scattered  over  the  periphery  of  the  primary  gemmas  of  the  parent 
globe,  divide  repeatedly  until  they  are  broken  up  "into  128  (?)  linear  ciliated 
segments  which  are  ultimately  arranged  vertically  upon  the  same  plane,  in  a 
circular  tabular  group  vntli  their  cilia  upwards ;  and  when  the  latter  are 
sufficiently  developed,  the  group  osciUates  and  rotates  by  their  aid  both  upon 
ite  long  and  short  axis  These  segments  are,  in  fact,  the  spermatozoids, 
each  of  which,  when  they  separate,  is  observed  to  be  linear,  hom-shapcd 
and  colourless  antenorly  (where  it  is  attenuated),  and  greenish  posteriorly 
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provided  with  a  pair  of  cilia  whicli  are  attached  to  the  anterior  extremity, 
and  some  distance  behind  them  with  an  eye-spot;  their  progi-ession  is 
vermicular  from  their  extreme  plasticity,  and  they  keep  up  an  incessant 
fla°-eUating  movement  with  their  cUia.  As  yet,  I  have  never  seen  any  of 
these  free  in  the  daughter  bearing  the  spermatic  cells  when  the  former  has 
been  outside  the  pai-ent ;  nor  have  I  ever  seen  them  free  under  any  cu'- 
cumstances,  except  once,  in  the  old  Volvocc,  when  the  daughter  contaimng 
the  spermatic  cells  fi-om  which  they  had  been  developed  had  been  partly 

eaten  up  by  Eotatoria.  i  o  7 

"  This  is  the  form  of  Volvoa}  Globator  wliich  has  been  called  Sphcerosim 
Volvox  by  Ehi-enberg ;  and,  like  the  daughters  bearing  the  spore-cells,  it 
becomes  Uberated  from  the  parent  before  the  spermatic  cells  attain  their 
ultimate  development,  that  is,  before  the  groups  of  spermatozoids  become 
separated,  not  before  they  are  formed.  It  is  worthy  of  remark,  too  that  the 
daughter  bearing  spermatic  ceHs  is  never  more  than  half  the  size  of  the  spore- 
bearing  daughter,  at  least  as  far  as  my  observations  extend. 

"  Thus  we  have  the  spore-cell^  and  the  spermatic  cells  in  different  daughters ; 
and  as  I  have  never  seen  them  together  in  the  same  daughter,  nor  the 
daughters  respectively  bearing  them  in  the  same  parent  ^"Zw.r,  out  ot  some 
scores  of  instances,  I  can  come  to  no  other  conclusion  than  that  the  two 
daughters  meet  after  they  have  left  their  respective  parents,  when,  both  the 
spores  and  the  spermatozoids  having  become  ripe  for  fecundation,  individuals 
forming  the  groups  of  the  latter  separate,  burst  from  their  capsules  mto  the 
cavity  of  the  daughter,  and  from  thence  find  their  way  out  mto  the  water, 
and  then  into  the  cavity  of  the  daughter  bearing  the  spore-cells,  where  they 
become  iacorporated  with  the  latter.  _ 

Hence  Volvox  Globator  would  appear  to  be  dioecious,  and  not  monoecious 
as  stated  by  Cohn;  and  Sphcerosira  Volvox  not,  strictly  speidiing,  another 
form  of VozL  Gloiator,  but  the  spermatic  form.  Cohn  considenng  Volvox 
Globator  and  Volvox  stellatus  the  same  species,  has  taken  his  fecundatmg 
character  from  the  spermatic  form  of  the  latter." 

The  spermatic  groups  above  described.  Carter  subsequently  remarks,  con- 
stitute L  aU  probability  Ehrenberg's  genera  Syncrijpta,  Synura,  and  Uro- 
glena. 

SPH^BOsmA     Fofooa;.  —  Coi-puscles   compressed  clusters  within  it.  Found  in 
nale  Sen  S  nearly  a  globulai-  shape,   considerable  numbers  m  comprmy  with 
it'eS' ^  TcoLxo!  ramtle.    Eye    Volvo.  Globator,  ^ni  oiten^ams  it. 
Sht  red.     The  cluster  resembles  a   size.    Sometimes  found  by  itself, 
gi-eat  ball  of  corpuscles,  containmg  small 

Genus  YOLVOX  (XX.  32-47)  (Part  I.  p.  180).— The  genus  Fo?mr,  which 
i.  the  type  of  the  family  Volvocina,  was  instituted  by  Lmnseus,  and  promid- 
Led  to  the  world  in  1758,  in  the  t^nth  edition  of  his '  Systema  Natui-^e  '  As 
Sst  descSy  him,  the  two  species  V  Globator  V  C7.«.o.  comprehended 
^  tooX  Usoria,'  excepting  eleven  of  the  tribe  Vortuem,  wluch  were 
separated  from  them  under  the  denomination  of  ffydra.  _  In  his  twelfth  edi- 
S(1766)  o?the  same  work,  he  distributed  the  Infusoria  into  four  genera, 
vi7  Vorticella,  Volvox,  Hydra,  and  Chaos. 

"VS  1  is  characterized V  the  aggregation  of  its  cells  or  go-^^ 
internal  surface  of  a  transparent  lorica  or  common  envelope  ceH,  \^^^^'>'^ 
S  Sow  globe.  Each  corpuscle  or  gonidium  possesses  a  red  speck  and  two 
of  a  t'cy end  the  sui-face  of  the  loiica  so  as  to  give  the 

filaments,  which  p^^^^^^^  of  being  covered  with  ciKa.    The  mode  of 

t:ls&X  ^lo^on2:^^  ^o^r^Ln  is  characteristic  of  the  genus. 
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Dujardin  was  unable  to  detect  more  than  one  filament ;  but  Ehrenberg's 
desciiption  of  two  is  now  amply  corroborated. 

The  structui-e  of  Volvox  has  received  the  careful  study  of  many  eminent 
microscopists,  who  have  been  compelled  to  differ  largely  from  Ehrenberg  in 
their  accounts  of  it.  The  re'sume  given  in  the  general  history  of  Phytozoa 
renders  it  perfectly  unnecessary  to  repeat  in  this  place  the  particulars  of  the 
organization  of  the  members  of  this  genus  or  to  enter  into  the  discussion 
respecting  their  true  nature  as  organic  beings. 

rent  difference  between  them  consisting 
in  the  deeper  gi'een  colour  of  the  internal 
globes.  These,  however,  soon  exhibit  a 
more  important  distinctive  character,  in 
the  fonuation  of  a  distinct  cell-well  of 


VoLvox  Globator  (M.)  (xx.  32-47) 
(p.  180  et  sey.).— So  called  from  the 
globular  figiu-e  of  the  aggTegate  maas  or 
colony  constituted  by  the  individual 
monadiform  beings  or  gonidia.  When 
blue  or  red  coloiuiug  matter  is  mixed 
with  the  water,  strong  cm-rents  may  be 
observed  under  the  microscope  arovmd 
each  globe,  which,  when  in  motion, 
always  proceeds  with  the  same  part 
foremost.  3cx.  32  represents  a  large 
globe  with  eight  smaller  ones  (tei-med 
by  Ehrenberg,  sisters)  within  it.  xx.  34 
is  a  section  of  a  globe,  more  magnified. 
XX.  35  represents  three  gonidia  in  situ 
within  the  common  envelope.  In 
shallow  pools  of  clear  water,  in  spiiag 
and  summer.  The  largest  globes  mea- 
sure 1-30"  in  diameter;  the  smallest 
free  swimming  ones  1-360"  to  1-240". 
Size  of  a  single  corpuscle  1-3500". 

Ehrenberg  notified  the  peculiar  occm-- 
rence  of  hving  Rotatoria  withm  the 
globes  of  the  Volvox  Globator.  Mr.  John 
Williams  has  commimicated  {T.  M.  S. 
1851,  iii.)  an  interesting  observation, 
confimiing  Ehrenberg's  account. 

Within  the  cavity  of  a  large  specimen 
of  this  species,  evidencing  its  usual 
vitality,  and  the  ciliaiy  movements  on 
its  sm-face,  he  noticed  a  very  active 
Rotifer,  which  he  beheves  to  have  been 
the  Notommaia  jiarasitica,  and  which 
was  subsequently  accompanied  by 
another  of  the  same  species,  but  smaller. 
He  adds,  "By  the  mostcarefrd  examina- 
tion, no  opening  coidd  be  perceived  by 
which  they  could  have  been  introduced ; 
neither  did  there  appear  to  have  been 
any  viscera  by  which  their  motions 
might  be  impeded,  as  thev  swam  about 
as  freely  as  fish  in  a  glass  globe,  to 
which,  indeed,  they  bore  no  famt  resem- 
blance." 

The  two  following  species,  named  V. 
aureus  and  V.  stellatus,  are,  in  the  opinion 
of  Profs.  Busk,  Williamson,  and  Pertv 
merely  developmental  phases  of  V  Glo- 
bator—V.  stellatus  being  the  later  stam 
"  V.  aiirm,£  says  the  writer  first  named 
(op.  cit.  p.  32),"exhibits  precisely  the  same 
structure  as  V.  Globator,  the  only  appa- 


considerable  thickness  around  the  dai'k- 
green  globidar  mass.  This  wall  becomes 
more  and  more  distinct ;  and  after  a  time 
the  contents  change  fi'om  dark  green  into 
a  deep  orange-yellow,  and  simultaneously 
with  this  change  of  colour  the  wall  of  the 
globide  acquires  increased  thickness,  and 
appears  double. 

"  The  third  foi-m,  or  V.  stellatus,  difiers 
in  no  respect  fi-om  the  two  foi-mer,  except 
in  the  form  of  the  internal  globules, 
which  exhibit  a  stellate  aspect,  caused 
by  the  projection  on  their  surface  of 
numerous  conical  eminences  formed  of 
the  hyaline  substance  of  the  outer  wall. 
The  deep  colour  of  the  contents  of  their 
embryos,  and  then-  change  into  an  orange 
colour,  at  once  point  out  their  close 
analogy  with  those  of  V.  aureus.  I  have 
no  doubt  of  their  being  mere  modifica- 
tions of  the  latter,  and  I  have  obsei^ed 
smooth  and  stellate  globules  in  the  in- 
terior of  one  and  the  same  parent  globe." 

Mr.  Carter,  however,  does  not  share 
this  opinion  with  reference  to  V.  stellatus, 
which  he  treats  (A.  K  II.  1859,  iii.  p.  5) 
as  a  distinct  species. 

These  extracts  fr-om  recent  and  well- 
known  authorities  are  further  valuable 
as  supplying  an  explanation  of  Lam-ent's 
statements  that  two  sorts  of  reproduc- 
tive bodies  appear  in  the  globes  of  Vol- 
vox. Little  weight  is  attached  to  this 
gentleman's  microscopical  researches, 
which  are  mostly  ideal. 

V.  auntts. —'Green,  neariv  globular, 
liie  small  secondary  globes  Avithiu  them 
are  of  a  golden  coloiu-,  and  smooth  sur- 
face. In  rain-water  standing  on  turf. 
Diam.  of  globe  1-30". 
_  V.  stellatus. — Small,  subglobose,  some- 
times oblong,  or  of  an  angidar  form,  and 
gi;een  colour.  The  contained  globes 
within  them  are  of  a  green  colour,  and 
have  their  surfaces  tubercidated  or  stel- 
lated.   Diam.  of  globe  1-30". 

Carter,  who  accepts  this  specie,?,  de- 
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the  primary  gemniic  of  Ihis  V.  stellulus 
and  V.  Globutor,  that  those  of  the  former 
oegin  to  imdergo  duplicative  subdivision 
almost  immediately  after  they  appear,  or 
"  at  the  time  when  they  do  not  exceed 
three  times  the  diameter  of  the  peri- 
pheral ceUs,"  or  1-2700",  instead  of  "not 
passing  (as  in  V.  Glohator)  into  small 
cells  until  they  have  amved  at  more 
than  the  1-300"  in  diameter."    He  also 
alludes  to  differences  between  these  two 
species  in  the  form  of  the  spermatozoids 
and  the  mode  of  fecimdation.    We  ven- 
tiire  to  remark  that  if  these  latter  par- 
ticulars are  sufficient  to  indicate  specific 
differences,  it  is  not  so  with  the  size  of 
vegetable  cells  at  which  fission  may 
commence.    The  history  of  aU  the  sim- 
plest cellidar  organisms  we  Imow  of 
shows  that  the  period  of  ceU-life,  and 
therefore  the  dimensions  of  the  ceUs  at 
which  it  occm-s,  stands  in  no  constant 
relation  with  the  act  of  fission.  The 
size  of  a  cell  and  the  proclivity  to  fission 
depend  much  on  external  conditions 
affecting  its  vital  activity. 


scribes  it  in  the  following  words,  usin^ 

the   quaint   terms   "daughters"  and 

"grand-daughters"  for  the  "primary" 

and  "  secondaiy  "  o-enerations  or  gemmaj 

of  the  parent  globe  of  the  Volvox:— 

"  Adult  /b/-wi.— Globular,  slightly  ovoid, 

consistino-  of  three  generations  or  families 

within  one  another ;  containing  generally 

eight  daughters,  in  each  of  which  there 

are  generally  eight  grand-daughters  in- 

distmctly  visible.    Daughters  confined  to 

the  posteiior  threerfourths  of  the  sphe- 
roid, the  anterior  fom-th  being  empty. 

Progi-essing  with  the  empty  end  for- 
wards. Daughters  rotating  (this  marks 
the  adult  foi-m  here  also)  in  their  cap- 
sules respectively,  which  are  fixed  to  the 
internal  periphery  of  the  parent.  Grand- 
daughters small  and  indistinct,  motion- 
less, and  fixed  to  the  internal  periphery 
of  the  daughters  respectively.  Peripheral 
cells  conical  andbiciliated,  not  imiciliated 
as  figured  by  Ehrenberg.  59-1880' '  long 
and  54-1880"  broad." 

In  his  subsequent  remarks,  he  makes 
it  the  specific  point  of  difference  between 

The  following  genera  are  distinguislied  by  Perty :—  ^    ^  ^t. 

Genus  SYNAPHIA  (Perty).-Corpuscles  fromlO  tol2,  aggregated  togetber 
within  a  spherical  gelatinous  envelope  in  miitual  contact,  so  as  to  torm  a 
compact  miss.    The  coirnscles,  each  furnished  mth  a        « ^^^^ 
not  spherical  but  angular  and  wedge-  or  pear-shaped,  with  the  Jide  end 
toed  towards  the  pheripheiy.    In  veiy  exceptional  specimens  the  gonidia 
a  e  somewhat  separated  from'each  other.    Length  of  filament  equal  to  or 
U  the  diameter 'of  the  corpuscle,  and  veiy  fine.    Th«^-elatLon  between 
Gonium  and  Pediastrum  has  been  noted  by  Cohn  and  other  obsei-vers ;  but 
that  hXeen  this  newly-constituted  genus  of  Party  and  tte  second-n^mied 
group  is  much  more  striking,  whether  the  descriprion  given  oj  the  musti^ariv^^^ 
fi^s  be  considered;  indeed  the  impression  forces  itseK  upon  us,  that 
SmapUail  simply  a  form  of  Pediastrum.    This  impression  is  moreover 
sSeShened  by  the  fact  mentioned  by  Perty,  that  the  movement  of  the 
tg^SZ  and  L  fine  filament,  disappear  as  the  organism  advances  m  age 
and  dimensions, 

for  an  ellipsoid.  The  gelatinous  envelope 
varies  in  breadth,  is  clear  and  trans- 
lucent, rarely  having  a  red  blush  under 
the  microscope,  and,  in  large  specimens, 
frequently  divided  by  fine  Imes  mto 
two  or  three  hdos.  When  djmg,  the 
several  corpuscles  detach  themselves,  and 
after  death  do  not  undergo  difflueucc, 
but  tiu-n  yellow  and  ultimately  dissolve 
away.  Frequently  a  gi-eeu  graiiule  is 
visible  internally,  and:  a  scaxcely-dis- 
comible  red  point. 


SvNAPHiA  Dujardinii  (Perty). — Cor- 
puscles clear  gi-een  to  dark  or  blackish 
OTeen,  measuring  within  the  enclosing 
Envelope  1-1300"  to  1-360",  more  com- 
monly from  1-720"  to  1-480".  Move- 
ments toi-pid  or  tolerably  quick,  around 
one  or  other  axis,  always  oscUlatiug. 
The  filaments  are  only  visible  when  the 
spherical  colony  is  at  rest.  The  radi- 
ating grouping  of  the  individual  gonidia 
is  not  completely  sjanmetrical ;  some- 
times the  spherical  figure  is  exchanged 

r        TTTT^riDIUM:  (XIX.  15)  (Perty).— A  chain  of  from  4  to  8  very 
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envelope.  This  genus  appears  to  us  very  erroneously  referred  to  the  Volvocina  ; 
but  the  figures  given  are  not  sufficient  to  determine  to  what  family  they  more 
rightly  belong. 


HiEMiDiuM  inane  (xix.  15). —  Cor- 
puscles in-egularly  spherical,  almost  cup- 
shaped,  aud  probably  furnished  each  with 
two  filaments.  Some  very  fine  molecules, 
one  generally  of  a  hark  hue,  perceptible 
internally.  The  chain  advances  quickly 
by  revolving  on  its  long  axis ;  gelatinous  j 


common  envelope  inconspicuous.  Length 
of  chain  1-360" ;  size  of  individual  cor- 
puscles 1-1900".  From  its  smallness,  this 
organism  is  diflicult  of  observation,  and 
requires  further  investigation.  Only  in 
small  numbers,  in  some  ponds  in  the 
canton  of  Bern. 


Wemeck  chai-acterized  several  new  genera,  which  he  referred  to  the  Poly- 
gastrica  of  Ehrenberg  (Monatsb.  der  Berl.  Akad.  1841,  p.  377),  two  of  which 
are  to  be  inserted  in  this  family,  as  allies  of  Pandorina,  and  are  very  briefly 
characterized  under  the  names  of  Calia  and  Stephanoma : — 

CALIA. — Monads  imbedded  in  a  gelatinous  mass,  affixed  to  plants,  and 
not  swimming  freely  about.  Two  species  are  known ;  the  characters  not  given. 
This  genus  is  very  probably  nothing  more  than  one  of  the  simple  Algas. 

STEPHANOMA =Paw(io)-ima  with  a  single  zone  of  corpuscles,  which  divide 
like  the  cells  of  Gonium.  One  species  observed  exhibiting  a  circlet  of  sphe- 
rules united  to  form  a  wreath  or  zone.  This  genus  is  probably  the  same  as 
Stejphanosplicera  (Cohn,  A.  N.  H.  1852,  p.  407). 

Genus  STEPHANOSPMEA  (Cohn)  (XIX.  38-58).— A  family  of  cells, 
rotating  and  moving  throughout  life ;  composed  of  eight  green  primordial 
cells,  each  bearing  two  active  cilia ;  arranged  at  equal  distances  in  a  circle, 
enclosed  in  a  common  hyaline  globose  vesicle,  or  common  envelope ;  pro- 
pagated both  by  macrogonidia  (originating  from  eightfold  division  of  each  of 
the  green  cells),  which  bear'  two  cilia,  and  are  congregated  into  eight  octonaiy 
families,  and  by  very  numerous  smaller  microgonidia  (produced  by  multifold 
division),  revolving  at  first  within  the  common  vesicle  by  the  action  of  four 
cilia,  and  then  escaping  singly. 


Stephanosph^ba  jiltiviaUs. — Green, 
cells  globose,  elliptical,  or  fixsiform,  often 
running  out  into  mucous  rays  at  both 
ends.  Diameter  of  the  cells  =  l-330th  to 
l-180th  of  a  Ime  (0-0065  to  0-012  mm.) ; 
diameter  of  common  vesicle  =  l-80th  to 


l-40th  of  a  line  (0-028  to  0-055  mm.). 
Revives  after  desiccation.  Inhabits 
hollow  stones  tilled  with  rain-water,  in 
company  with  Chlami/dococcus  pluvialis  : 
Salzburg,  Werneck? ;  Zamora,  A.  von 
Frantzius  ;  Hirschberg,  Von  Flotow. 


Dr.  StrethiU  "Wright  has  jnet  with  Stephanosphcera  in  Scotland. 


FAMILY  v.— VIBRIOmA  (see  p.  184). 
(XVIII.  57-69.) 

According  to  Ehrenberg,  the  members  of  this  family  are  distinctly  or  ap- 
parently polygastric,  but  without  a  true  alimentary  canal;  have  neither 
appendages  nor  lorica,  and  are  incapable  of  changing  the  form  of  their  body. 
They  are  linked  together  in  thread-like  drains,  formed  by  their  imperfect 
transverse  self-division.  Information  respecting  the  Vibrionia  is  very  im- 
perfect ;  this  is  attributable  to  the  exceeding  minuteness  of  the  individual  ani- 
malcules which  compose  the  chains.  These  last  liave  never  any  determinate 
length,  or  number  of  component  coi-puscles,  and  they  are  sometimes  so  short 
as  to  be  made  up  of  not  more  than  two  or  three  individuals,  which  are  only 
distinguishable  from  Monas  Termo  and  M.  Crepuscidum  by  tlieii-  union  in 
chams,  and  by  their  peculiar,  though  not  easilv  characterized  movements. 
Ihe  motion  of  the  chains  is  generally  of  a  writhing  charactor.    In  one  genus 
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(Bacteriim),  a  single  vibratory  filament  is  present.  In  this  same  genus  the 
iudividuals  are  stmng  more  tightly  together,  so  that  the  fihform  cluster,  not 
being  able  to  exert  the  writhing  movement  seen  in  the  true  Vibrionia,  moves 
rigicUy  in  a  direct  coiu'se.  In  Spirillum  the  articulations  or  lines  of  imperfect 
tission  are  oblique ;  hence  increase  in  length  by  division  engenders  a  spiral 

'^^The  animals  of  this  family,  says  Dujardrn,  "  are  the  first  Infusoria  which 
present  themselves  in  aU  infusions,  and  those  which  from  their  extreme  small- 
ness  and  the  imperfection  of  our  means  of  observation  must  be  considered. the 

most  simple  ;   and  it  is  only  their  more  or  less  active  movements  which 

lead  to  their  being  regarded  as  animals.  I  have  been  sometimes  induced  to 
believe  that  a  fiageUiform  filament,  analogous  to  that  of  Monads,  or  rather  a 
spiral  undulating  one,  exists,  and  that  this  is  the  cause  of  the  peculiar  mode 
of  locomotion.  Is  the  Bacterium  triloculare,  described  by  Ehi'enberg  as  having 

a  proboscis,  a  true  Yibrio  ?  ,  •  •   a.-  • 

«  AU  that  can  be  with  certainty  predicted  respectmg  theii-  organization  is 
that  they  are  contractile,  and  propagate  by  spontaneous  fission,  often  imperfect, 
and  hence  giving  rise  to  chains  of  greater  or  less  length." 

As  stated  in  om  general  histoiy  of  the  famUy  (p.  184),  the  present  tendency 
among  naturalists  is  to  refer  Vibrionia  to  the  vegetable  kmgdom.  Cohn 
assigns  them  a  place  in  the  family  Mycophyce^e  among  the  microscopic  aquatic 
Fimgi.  Perty  retains  them  in  his  group  Phytozoida,  expressing  at  the  same 
time  his  conviction  that  they  are  of  a  vegetable  nature.  Indeed  the  only 
reasons  advanced  by  Ehrenberg  in  support  of  the  animahty  of  Vibnoma  are, 
that  they  are  actively,  and,  to  his  apprehension,  volimtarily  movmg  beings, 
and  multiply  by  self-division,-reasons  wHch,  in  the  present  state  of  know- 
ledge, must  be  held  worthless.  A  re-examination  of  aU  the  enumerated 
species,  as  Cohn  remarks,  is  imperatively  necessaiy  before  we  can  come  to 
any  safe  conclusions  relative  to  the  true  structure  ajid  afamties  of  the 
Vibrionia;  and  this  same  able  observer  has  himseK  set  the  example  by  con- 
ducting such  an  examination  of  one  species  as  to  clearly  indicate  its  physio- 
logical characters  and  its  relation  to  Palmella  and  Tetraspora  among  the 
aTkee,  and  more  particularly  to  Sphcerotilus  among  Mycophycese.  _  _ 

The  Vibrionia  are  developed  with  extreme  rapidity  m  aU  hquids  containmg 
changed  or  decomposed  organic  substances,  in  animal  fl;i^ds--the  sakva,  serum 
urine,  &c.    When  colouring  matter  has  been  mmgled  with  the  water,  its 
imbibition  by  the  corpuscles  has  never  been  observed. 

This  family  is  distributed  by  Ehi'enberg  as  follows  :— 

Ai'ticulated     thi-eacls     (clusters)  f  Inflexible   Bacterium. 

straight,  the  transverse  dmsions-^  ,  Vibrio 
beini  rectangular    [  Flexible,  hkc  a  snake   ^  i^rio. 

^  ,      ,  fMexible    Spirocha3t«. 

Ai-ticulated  threads  spirally  tvvistcd 
(like  a  bcU-spring  or  cork-screw),  _ 
the  transverse  divisions  being 


oblique    \^  Inflexible. 


/"with  a  cylindrically-\  SpiriHum. 
extended  spu-al  form.  J 

with  a   compressed"!  gpirodiscus. 
^  spiral  form   J 

On  this  subdivision  of  the  famUy  Vibrionia,  Cohn  {Entw.  p.  117)  has  ex- 
bimsolf  very  strongly.    He  says,  "  An  inextricable  confusion  prevails 
'^Tl  i^<^Tlh'ZS        attempted:  we  have  the  observations  good 
i  h  Fl  of  v^rio^  aS^^^  weak  and  strong  amphfication  of  the  objecte, 
'nd  oM  comlitions   ommingled  M-ithout  any  critical  endeavour  to 
young  and  ol/^  „  that  there  is  no  suffieient  basis  for  it, 
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(E.)  or  Bactenum  J^enno  (Duj.)  is,  according  to  his  well-conducted  investiga- 
tions, no  other  than  the  swarming  stage  of  a  microscopic  aquatic  fungus 
belonging  to  the  Mycophyccsc,  of  which  he  makes  a  new  genus,  named 
Zoocjloea :  again,  Spiroclmta  plicatilis  is,  in  his  opinion,  an  Alga  of  the  geniis 
Spirulina,  and  the  stiff  Vibrios  allies  at  least  of  the  Oscillariasa,  of  the  genus 
Beggiatoa ;  the  shorter  Vibrios  and  Spirilla  lilcewise  resemble  Oscillariaea  and 
Spirulina. 

Should  Cohn's  opinions  be  confirmed,  the  Vibiionia,  as  a  distinct  family, 
woiild  be  well  nigh  broken  up.  In  fact,  his  views  are  generally  acceded  to ; 
for  Perty,  Bm-nett,  and  others  all  point  out  their  peculiar  affinities  with  the 
OscUlariiE,  and  discover  similar  forms  among  the  transitional  phases  of  various 
Alga),  and,  indeed,  among  the  antheridial  spores  of  higher  plants.  The 
value  of  Spirodiscus  as  a  genus  is  little  insisted  upon  by  Ehrenberg,  who 
instituted  it ;  and  ia  all  probability  it  should  be  set  aside,  and  Spirocliceta  also 
be  saci-ificed  with  it.  The  only  species  of  Sjpirodiscus  named,  Perty  sm-mises, 
might  have  been  nothing  more  than  the  spore  of  a  fungus.  Dr.  Burnett  has 
expressed  himself  as  follows  to  the  same  effect ;  for  he  observes,  "  When  we 
come  to  organisms  as  minute  as  these,  the  distinguishing  characteristics  of 
genera  and  species  become  too  obscure  and  equivocal  to  have  much  value ;  and 
the  best  microscopists  have  arrived  at  the  conclusion  that  such  distinctions 
are  too  refined  and  will  not  bear  the  test  of  experience. 

"  The  genus  Vibrio — the  simplest — I  regard  as  the  first  appearance  of  the 
young  Alga,  existing  then  as  the  smallest  cells,  arranged  in  linear  series. 
The  genera  Spirillum  and  Bacterium,  composed  of  larger  forms,  and  of  a  finer 
and  more  solid  structure,  represent  the  more  advanced  forms ;  and  as  aU  Algae, 
as  they  advance  in  size,  tend  to  consohdate  into  mycodermous  forms,  losing 
much  of  their  primitive  cell-structure,  so  these  two  genera  appear  to  have  lost 
their  old  beaded  type.  As  for  the  two  remaining  genera,  Spirochoita  and 
Spirodisens,  but  Kttle  is  positively  known.  They  scarcely  appear  to  belong 
to  the  other  forms  of  this  family ;  and  as  Ehrenberg  himself  has  expressed  a 
doubt  upon  the  subject,  one  may  as  weU  omit  a  further  notice.  Therefore, 
in  a  structural  point  of  view,  the  species  of  this  family  seem  to  be  only  Alga3 
at  different  stages  of  growth." 

Dujardin  instituted  only  three  genera  of  Vibrionia,  viz. :  1.  Bacterium — 
straight,  sUghtly  flexible  threads,  more  or  less  distinctly  jointed,  and  slow  in 
their  movements  ;  2.  Vih-io — either  straight  or  flexuose,  with  a  more  or  less 
vivacious  writhing  movement ;  3.  Spirillum — ^having  the  form  of  a  corkscrew, 
revolving  on  their  long  axis,  oftentimes  with  great  rapidity,  but  never  straight. 
Perty  has  made  a  more  ambitious  attempt  to  classify  these  minute  organisms ; 
of  its  utihty,  however,  httle  can  be  said,  for  our  acquaintance  with  them  is  too 
imperfect  to  establish  satisfactorily  any  distribution  of  them.  To  resume : 
Perty  makes  a  section  of  his  heterogeneous  group  Phytozoida,  which  he  calls 
Lampozoidia,  represented  by  the  one  family  «  Vibrionida."  The  "  Lampo- 
zoulia  ^'  are  defined  as  «  colourless,  or  rarely  blue,  yeUow,  or  red,  never  green, 
organisms,  without  special  organs,  and  with  scarcely  a  trace  of  differentiation 
of  substance  Their  motions,  though  seemingly  voluntary,  are  in  fact  only 
automatic.  ^  They  multiply  by  transverse  fission,  and  in  so  doing  produce  chains 
and  fabres.  Of  the  family  Vibrionida,  two  varieties  arc  distins?uishablc  :— 
A  Spirillma,  m  which  the  chain  or  fibre  is  spiraUy  coiled  ;  B.  Bacterina,  in 
which  It  is  contorted  or  straight.  Spii-illina  contains  two  genera,  Spirochceta 
and  Spirillum-  yvhiU  Bacterina  is  made  up  of  four,  viz.  Vibrio,  Bacterium, 
Me/allacter,  and  Sporonema.  The  now  genera  named  will  follow  after  our 
account  of  those  recognized  by  Ehrenberg,  and  the  notes  on  the  others  in 
their  proper  places. 
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Genus  BACTEEIUM. — Vibrionia  distinguished  by  the  coi-puscles  being 
connected  together  in  a  thread-like  more  or  less  rigid  or  inflexible  chain,  and 
by  multiplying  by  transverse  self-division  at  right  angles  to  the  chain. 

The  three  species  known  are  colourless,  and  extremely  minute.  Ehrenberg 
remarks  "  that  only  one  of  the  species  has  been  satisfactoiily  determined, 
and  that  their  organic  relations  are  altogether  so  obscure,  that  our  judgment 
respecting  them  must  unavoidably  be  left  in  a  fluctuating  state."  In  B. 
tnlocwlare  a  vibratory  proboscis,  a  granular  mass  within  the  body  of  the  crea- 
ture, and  spontaneous  division  ai-e  discoverable.  All  the  species  enjoy  an 
active  power  of  locomotion.  Perty  says  that  he  is  imacquainted  with  the 
species  of  Bacterium  enumerated  by  Ehrenberg. 

A  magnifying  power  below  500  diameters  will  not  exhibit  the  divisions 
or  transverse  lines  between  the  individuals  or  Unks  of  the  wand  or  chain. 
BoAitenum  occurs  around  decomposed  vegetable  matter,  on  the  surface  of  water 
containing  Chara,  &c 


Bactebitjm  triloculare.  —  Chain  in 
the  form  of  short  cylinders  of  from  two 
to  five  oval  corpuscles,  and  generally 
about  three  times  as  long  as  their  dia- 
meter ;  transverse  jimction-lines  distinct. 
Ehrenberg  has  observed  not  more  than 
five  links  together,  nor  less  than  two. 
"By  throwing,"  he  adds,  "  a  little  colom-- 
ing  matter  mto  the  water,  an  evident 
vibration  may  be  perceived  near  the  an- 
terior portion  of  the  corpuscle  or  of  the 
chain  ;  and  upon  a  veiy  close  inspection 
a  simple  filiform,  though  short,  proboscis 
may  he  seen,  which,  in  the  larger  speci- 
mens, is  one-third  the  length  of  the  body, 
and  in  the  smaller,  one-half."  The  motion 
of  this  creature  is  tremidous,  or  slowly 
revolving  upon  its  longitudmal  axis. 
In  the  water  of  bogs.    Length  of  chain 
1-4800"  to  1-2304";  single  coi-puscle 


1-11520"  (xvni.  57).  Group  57  repre- 
sents several  of  them ;  two  towards  the 
right  are  magnified  1000,  the  others  290 
diameters. 

B.  Enchelys.  —  Chain  composed  of 
somewhat  indistinct,  colomless,  oval 
corpuscles  united  in  smaller  cylinders 
than  the  preceding ;  ti'ansverse  lines 
faintly  marked.  In  river  water.  Length 
of  chain  1-2880". 

B.  Functuni. — Chain  cylindrical,  com- 
posed of  indistinct,  colom-less,  globose 
corpuscles ;  much  smaller  than  the  pre- 
ceding species  ;  ti-ansverse  hues  faintly 
marked.  In  water  wherein  bread  has 
been  steeped.  Length  of  chain  1-4032". 

B.  Catmula  (D.). — Filiform,  cylindri- 
cal. Length  of  uidividuals  1-8600"  to 
1-6500" ;  3,  4,  or  5  are  united  together, 
fomiino'  a  chain  1-1300"  in  length. 


Genus  VIBEIO.  Characterized  by  the  corpuscles  being  connected  together, 

through  incomplete  self-division,  in  fllifonn  flexible  chains  resembling  in 
miniature  the  figure  and  movements  of  a  snake.    Junction-lines  at  right 


angles  to  chain 

ViBBio  Lineola  (Bacterium  Termo, 
Dili.)  (xvni.  69).— Forms  a  minute 
cylmdrical  and  slightly  flexible  wand, 
rounded  at  both  ends;  separate  cor- 
puscles somewhat  indistinct,  of  nearly 
Globular  form,  and  colourless.  Common 
ui  vegetable  infusions,  especially  around 
the  stalks  of  flowers  in  glasses,  and  in 
foul  ponds.  Length  of  wand,  from 
1-3600"  to  1-200".  Thickness  1-3600". 
Both  Cohn  and  Perty  .join  in  the  use  of 
Duiardin's  name  for  this  species,  and  in 
representing  Ehrenberg  as  in  error  in 
identifying  and  fixing  its  characters  (see 
genus  Zoogi.cea). 

V  ^rmw/OTS.— Wand  short;  stoutei, 
vet  more  flexible,  than  the  precodnig; 
'articulations  of  an  oblong  torm,  not 
distinct.     In  water  emitting  a  disa- 


gi-eeable  odom-.  Length  of  wand  1-3600". 

V.  subtilis. — Wand  slender  and  elon- 
g-ated ;  colourless ;  articulations  distinct ; 
motion  slightly  vibrating,  without  vary- 
ing the  direct  position  of  the  articula- 
tions. Length  1-460";  thiclvness  1-24000". 
Perty  says  this  species  is  only  a  variety 
of  V.  (Metallacter)  Bacillus. 

V.  Ruf/nla  (Vibrio  Rugida,  M.)  (xvm. 
64). — Wand  elongated ;  stouter  than  the 
preceding;  articulations  distinct;  and 
colourless  ;  motion  brisk  and  serpentine ; 
common  in  infusions  and  foul  water. 
Length  1-580" ;  thickness  1-12000". 

V.  prolifer. — ^Wand  short,  stout,  and 
coloiurless;  articulations  distinct.  Mo- 
tion slow  and  tortuous.  In  infusions 
where  mildew  is  present.  1-1100". 

Y.  Bacillus  (U?\  =  Metanact^r  Bacillus 
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(Perty).— Woud  stout,  elongated,  and 
ti-ansparent ;  articulations  distinct,  or  be- 
come so  when  dried ;  motion  serpentine ; 
form  straight  wlieu  quiescent  (xtui.  G2). 
In  vegetable  infusions  and  fetid  water. 
Length  1-200";  thiclraess  1-17200". 

V.  si/n:ranthm.— Wanda  (bacilli)  very 
fine  and  short,  rather  flexuose,  rarely,  of 
more  than  five  segments  (individuals), 

The  following  species  are  from  Dujar 

V.  serpens  (M.). — Body  very  long,  fili- 
form, imdulating,  generally  piu-siung  a 
rectilinear  com-se,  with  from  ten  to 
fifteen  bends  in  its  length.  1-1050". 

V.  ambiguus. — Under  this  name,  Du- 
jardin  describes  a  Vihio  with  stifi"  fili- 
foim  joints  like  those  of  V.  Badllits,  but 
much  larger  (xvni.  60).  Four  or  five^ 
or  even  more,  were  articulated  together ; 
owing  to  the  large  dimensions,  each  joint 
coidd  be  seen  composed  of  a  resistant 


yellow  and  minute.  Corpuscles  1-70000" 
to  1-52000".  In  decomposing  covv's- 
milk,  in  which  it  produces  a  yellow  tint. 

V.  sywcyanMS.— Wands  very  slender 
and  short,  somewhat  flexuose,  of  seldom 
more  than  five  segments,  very  small,  and 
of  a  blue  colour.  1-78000"  to  1-52000". 
Also  found  in  cow's-milk,  in  which  it 
produces  a  decided  blue  shade. 

din's  work : — 

tube,  in  which  a  glutinous  substance  was 
more  or  less  closely  packed.  Moreover, 
a  bifurcation  at  the  extremity  of  a  joint 
was  sometimes  seen  to  occm-,  giving  rise 
to  two  rows  of  branching  chains,  of  more 
or  less  length. 

Such  observations  tend  to  render  the 
animality  doubtful,  not  only  of  this 
Vibrio,  but  also  of  the  similar  but  smaller 
V.  Bacillus. 


Gemis  SPIEOCILETA.— Chains  spiral,  filiform  and  flexible,  lengthening 
by  the  imperfect  or  incomplete  mode  of  self-division.  The  details  of  orga- 
nization are  at  present  unknown.  Dujardin  does  not  admit  this  as  a  gemis 
distinguishable  from  Spirillum;  and  Cohn  is  unable  to  discover  any  suf- 
ficiently distinctive  characters  between  this  and  the  acknowledged  vegetable 
genus  Spindina.  Spirochceta  moves  with  an  immense  activity,  sui-passing 
what  is  observed  in  the  recognized  species  of  Spirulina  ;  but  this  difference 
is  not  sufficient  to  separate  the  two  generically.  Spirulina  plicatilis  is  figured 
(XVIII.  67,  68).  Cohn  moreover  inclines  to  the  opinion  that  Spirulina, 
Spirochceta,  and  Spirillum  are  members  of  one  common  group  of  organisms  of 
a  vegetable  nature.  The  distinctive  featiu'e  between  Spirillum  and  Spirulina 
is  the  small  number  of  corpuscles  found  Tinited  in  the  chains  of  the  former 
compared  with  the  latter. 

^FmoCBJET A. plicatilis  {Vibrio  serpens, 
M.)  (xvxn.  63). — Corpuscles  veiy  deli- 
cate, nearly  globular,  connected  together 
in  a  long,  filiform,  spiral  chain,  having 


numerous  and  closely-arranged  coils ; 
colomless.  At  Tilbury  Fort.  Length 
of  chain  1-170"  to  1-440";  thickness 
1-12000." 


Genus  SPIEILLUM. — Developes  in  the  form  of  tortuous  chains,  or  of 
inflexible  and  cylindrical  spirals.  The  iacomplete  self-division,  which  is 
oblique  in  direction,  produces  the  characteristic  coUtng  of  the  chain..  Motion 
brisk  and  energetic. 


Spibillum  tenue. — Spiral  of  three  or 
four  coils,  constituted  of  vei'y  slender, 
slightly  bent  colourless  fibres ;  articu- 
lations distinct.  Li  vegetable  infusions. 
Length  about  1-900";  thickness  1-1200". 

S.  Undula  (  Vibrio  Undula,  M.)  (xviu. 
59-61).— Spiral  of  one  turn  and  a-half ; 
coiyu-scles  short,  stout,  and  much  bent ; 
articulations  distinct ;  colourless  ;  when 
dry,  the  articulations  are  more  distinct. 
In  stagnant  water  having  a  mildew 
scent.  Length  about  1-1500"  ;  thickness 


1-20000".  This  species,  Perty  remarks, 
fi'equently  gi-ows  so  as  to  form  clusters 
or  masses  which  are  motionless,  and, 
like  all  the  rest  of  the  Vibrionia,  never 
produces  true  vegetable  fibres. 

S.  volutuns  (  Vibrio  Spirillum,  M.). — Of 
three,  four,  or  more  coils ;  fibres  very 
tortuous,  long,'  and  stout ;  articulations 
distinct ;  colourless.  In  vegetable  infu- 
sions. Length  of  spiral  1-2200"  to 
1-500" ;  thickness  1-14400". 
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with  a  delicate,  wavy,  hair-like  proboscis. 
These  creatures,  found  in  the  reproduc- 
tive organs  of  plants,  wore  called  hy  their 
discoverer,  Dr.  Unger  of  Gratz,  spermatic 
animalcules,  and  are  described  in  detail 
in  the  Regemhurger  Botun.  Flora,  1834 ; 
and  also  in  the  18th  vol.  of  the  Nova 
Acta  Nat.  Cur.,  Bonn,  1838.  A  con- 
densed view  of  this  subject  is  given  by 
Dr.  Meyen  in  the  Jahresbericht  for  1838, 
from  which  the  appended  translation  is 
made.  The  accompanjdng  illusti-ations 
(xvn.  520-531)  were  Idndly  supplied  by 
Dr.  Unger  for  this  work. 


Perty  adds  the  following  species ; — 

S.  rufum.—Ras,  the  figm-e  and  size  of 
S.  XJndula,  but  is  of  a  red  colom-.  No 
articulation  discoverable.  In  pond-water 
about  Born,  which  had  been  kept 
several  weeks.  The  claim  of  this  to  be 
considered  a  distinct  species  is  highly 
doubtfid;  for  its  only  assimied  chai-ac- 
teristic,  viz.  its  red  colom-,  is  of  no 
weight,  being  iu  the  Phytozoa  generally 
a  variable  condition,  due  to  chemico- 
vital  changes  in  the  organisms,  and 
ephemeral  iu  dm-ation. 

S.  (?)£ryozoon  (Unger)  (xvn.  520- 
531).— Coils  consist  of  a  thick  body, 

"  The  spermatic  animalcules  in  Sphagnum  consist,  according  to  the  earlier 
observations  of  Unger,  of  a  thick  body,  and  a  thin  filiform  taU ;  when  in  motion, 
this  tail  being  anterior,  ho  considers  it  analogous  to  the  proboscis  (filament) 
of  many  of  the  Infusoria.    No  trae  active  motion  of  the  body  itself  has  been 
observed  by  Unger ;  but  he  distinguishes  between  the  mere  locomotive  and  the 
rotary  movements  of  the  whole  animalcule.   The  simplest  motion  takes  place 
in  a  spii-al  direction;  and  if  the  proboscis  is  contracted,  the  movement  is 
simply  rotary.    During  the  locomotion  of  the  creature,  which  proceeds  m  a 
spiral  manner,  Unger  saw  from  one  to  thi-ee  revolutions  of  the  body  m  a  second ; 
and  dm-ing  rotation  he  noticed  the  point  of  the  proboscis  to  be  m  a  contmual 
state  of  tremor.    Unger  endeavoured  to  show  that  the  spermatic  animalcules 
of  the  mosses  are  analogous  to  the  spermatic  animalcules  of  animal  organisms 
although  we  find  certain  features  in  the  former  not  seen  m  the  latter,  and 
which  may  somewhat  embarrass  their  classification,  the  chief  of  which  ai-e 
the  steadiness  of  the  spiral  direction  of  the  proboscis,  and  their  maimer  ol 
movement.    Lately,  Unger  has  found  spermatic  corpuscles  m  the  anthendia 
of  PolytricJmm  juniperinum,  P.  commune,  P.  urnic/erum,  and  P.  alpestre,  as 
well  as  in  Funaria  hycjrometrica,  Brijum  cuspidatum,  B.punctatum,  itoc.  In 
Folytrichum  commune,  the  corpuscles  are  foimd  in  very  smaU  hexahedi-ai 
cells  with  rounded  comers.    GeneraUy,  whilst  in  the  ceEs  they  are  motion- 
less ;  in  some,  however,  a  tremulous  motion  of  the  thin  proboscis  was  seen, 
and  in  others,  again,  a  rotatory  motion,  inteiTupted  at  mtervals.    Ihe  dia- 
meter of  the  delicate  proboscis  is  0-004  of  an  inch.    In  a  few  coi-puscles, 
isolated  fi-om  their  ceUs,  a  trembling  osciUating  motion  of  the  proboscis  was 

^"^Toftese  particulars  may  be  added  a  remark  of  Dr.  Unger,  quoted  in  the 
Ann.  des  Sciences  Nat.,  wHch  led  to  the  introduction  of  the  subject  in  this 

^°"The  doubts,"  Unger  says,  "which  remain  concerning  some  of  the  organs 
of  the  animalcules  of  mosses,  fiu-ther  increase  the  uncertamty  as  to  thcii- 
situation  in  the  scale  of  beings.  From  aU  cii-cumstances,  I  am  mclmed  to 
place  them  in  the  genus  Spirillum  of  Ehi-enberg,  and  to  descnbe  them  undei 
the  name  of  Spirillum  Bryozoon."  «      ^  ^  i 

Mr!  Varloy,  in  his  article  on  Chara,  in  the  50th  vol.  of  Tram.  Soc.  Arts,  has 
+hp  following  observations  on  the  same  structures  =—   ,    ^,     ^  , 

"FroTSrese  ceUs"  [in  the  globule  of  the  axil  of  the  C7^am]  "grow  ou 
numprous  clusters  of  long  vessels,  possessing  the  most  cxtraordmary  featuies 
X^orved    men  thfse  ai-e  fi/st  protruded  from  the  globule,  if  not  qiuto, 
matl  enough,  theii-  appearance  is  like  dense  or  strongly-marked  rmged 
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vessels,  the  divisions  of  which,  or  their  contents,  soon  begin  to  appear  irre- 
gular. .  .  .After  a  while,  these  curls  witliin  the  divisions  become  agitated : 
some  shake  or  vibrate ;  others  revolve  in  their  confined  places ;  and  many 
come  out,  thus  showg  that  they  are  spii-als  of  two  or  three  curls  ;  those, 

with  an  agitated  motion,  swim  about  Now  the  field  of  view  appears  fiUed 

Avith  hfc  :  great  numbers  of  these  spirals  are  seen  agitated  and  moving  m  aU 
directions ;  they  all  have  a  directile  force,  one  end  going  foremost,  and  never 
the  other ;  many  stray  a  great  way  out  of  the  field :  these,  by  getting  clear 
of  each  other,  are  the  best  to  observe ;  they  do  not  quite  keep  their  form  as 
a  stiff  spiral,  but  their  foremost  end  seems  to  lash  about,  and  to  many  are 
seen  attached  ahnost  invisible  but  very  long  fiibres.  These  fibres  were  in 
quick  undulations,  which  ran  in  waves  from  the  spiral  to  their  farthest  end. 
It  appeai-s  that  these  fibres  cause  many  of  the  spirals  to  entangle  together, 
and  thus  bring  them  sooner  to  a  state  of  rest ;  therefore  the  separate  ones 
were  best  to  observe." 

Among  the  more  recent  observations  on  these  motile  fibres  (from  the  anthers 
of  Cham  vulgaris  and  Ch.  hispida),  are  those  of  M.  Thuretin  the  Annates  des 
Sciences  Naturelles,  a  translation  of  which  will  be  found  in  the  Annals  of 
Natural  Historij,  vol.  vii.,  from  wMch  we  extract  the  following  paragraphs  : — 
"  The  portion  of  their  body  most  apparent  appeared  like  a  spirally-rolled 
thread,  of  three  to  five  curves.  They  were  sUghtly  tinged  with  green,  similar 
to  the  nuclei ;  and,  like  them,  turned  brown  with  iodine,  their  two  extremities 
^  becoming  more  or  less  coloured  (according  to  the  quantity  of  iodine  employed) 
than  the  rest  of  the  body,  thus  indicating  a  difference  of  nature  in  these  portions. 
At  a  httle  distance  behind  one  extremity  proceed  two  bristles,  or  tentacula, 
of  excessive  tenuity,  which  the  animalcule  incessantly  agitates  mth  great 
rapidity.  These  are  probably  organs  of  locomotion,  similar  to  the  filiform 
prolongation  foimd  in  the  Infusoria  without  cilia.  Indeed,  the  part  thus 
furnished  with  tentacula  moves  foremost,  drawing  after  it  the  rest  of  the 
body,  which  turns  about  in  the  water,  but  always  preserves  its  corkscrew 
form.  The  incessant  agitation  of  these  tentacula,  and  their  extreme  tenuity, 
rendered  it  impossible  to  observe  them  in  the  living  animal ;  recourse  was 
therefore  had  to  the  evaporation  of  the  water,  or  to  the  appHeation  of  a  slight 
tincture  of  iodine,  when  the  animalcules  ceased  their  motions,  became  con- 
tracted, and  their  spiral  unrolled,  when  the  tentacida  w^ere  rendered  very 
distinct,  from  their  brown  colour.  These  tentacula  were  fi'equeutly  observed 
to  be  soldered  together  from  one-half  to  one-thii'd  of  their  length  upwai-ds  ; 
but  others  were  also  noticed  to  be  entirely  separated  down  to  their  bases.  A 
sweUiag  similar  to  that  in  the  flexure  of  the  body  was  perceived  in  their 
curves. 

"Ammonia  arrested  their  motions,  and  contracted  the  body  gradually  into 
a  small  oval  mass,  but  did  not  produce  the  phenomenon  of  decomposition  by 
solution  (diffiuoice),  so  remarkable  in  the  Infusoria.  A  very  weak  solution 
of  hydrochloric  acid  in  water  violently  contracted  them  into  a  shapeless  mass." 

In  Plate  XVII.,  figs.  520-522  represent  the  spcmiatozoa  found  in  Foli/- 
trichum  commune,  the  first  figiu'e  exhibiting  them  enclosed  in  the  cellules,  and 
the  others,  swimming  freely.  Figures  522-524  are  taken  from  Marchantia 
polymorplia.  Figure  525  is  from  S];)hagnum  capillifoUum.  All  the  above 
are  magnified  1000  diameters.  Figures  520-528  are  from  tlie  Chara  vulgaris, 
and  figures  529-531  ivova.  Jungermannia  pinguis,  as  figured  in  Meyen's  work 
(Neues  System  der  PJlanzen). 

On  this  subject  of  vegetable  spermatozoa,  Schleiden,  in  his  recent  work  on 
the  "  Principles  of  Botany,"  remarks— "The  doctrine  of  vegetable  spermatozoa 
is  now,  I  hope,  gradually  dying  away.  The  granidcs  (generally  starch),  taken 
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from  spermatozoa,  have  indeed  lost  their  hfe  in  Fritzsche's  tincture  of  iodine, 
since  their  evidently  purely  physical  molecular  movement  remained  \m- 

destroyed.  ,  •  j-  j 

«  Fritzsche  has  completely  settled  the  matter ;  and  every  unprejudiced 

observer  may  convince  himself  with  ease  of  the  completely  untenable  nature 
of  the  wonders  formerly  spun  out,  especially  by  Meyen.  The  confirmatory 
observations  of  Nageli  on  this  point  are  also  of  great  value," 

Ao-ain,  he  says — "  As  to  the  mechanism  of  the  motion,  we  know  just  as  little 
as  we  do' of  that  of  the  moving  cilia ;  of  the  cause  of  motion,  of  the  motive 
power,  just  as  much  as  of  that  of  the  contraction  of  the  primitive  muscular 
fibre,  of  the  motion  of  animal  spermatic  filaments,  and  of  the  vibratile  cilia 
on  animal  and  vegetable  cells;  that  is  to  say,  absolutely  nothing." 

Further,  in  reference  to  the  motion  of  the  so-called  spermatozoa,  Schleiden 
observes—'"  There  can  be  no  question  as  to  its  not  being  a  vital  phenomenon, 
because  the  motions  continue  even  in  the  alcohoHc  tincture  of  iodine  (an 
absolute  poison  for  all  vegetable  aJid  animal  life),  of  wHch  one  may  readily 
convince  himself,  and  which  Fritzsche  has,  with  his  weU-known  accuracy, 
shown  to  be  the  case  in  a  great  number  of  plants."  (Dr.  Lankester  s  trans- 
lation pp  99  and  359.)  This  assertion  of  Schleiden,  that  tincture  of  iodine 
is  an  'absolute  poison  to  all  animal  and  vegetable  life,  must  be  received  with 
reserve,  since  animalcular  life  has  been  known  to  exist  in  agents,  such  as 
strong  acids  and  mineral  poisons,  which,  d  pnori,  woiild  appear  quite  as 
inimical  to  it  as  tincture  of  iodine ;  and  even  minute  ammals— the  Acan,  oi 
far  higher  organization  than  the  Polygastrica,  have  been  stated  to  preserve 

life  in  strong  acetic  acid.  i,„„,.^„ 
Before  dismissing  this  subject,  it  may  be  useful  to  append  some  observa- 
tions made  by  Wagner  and  Leuckart,  in  their  elaborate  and  ongmal  article 

Hl'^rStated  that,  up  to  the  most  recent  period,  the  so-named  spermatozoa 
of  animals  have  been  considered  independent  animal  organisms,  or  parasitacal 
animals,  and  classed  among  the  Infiisona,  the  authors  proceed  to  say  that 
such  assumption  is  perfectly  irreconcileable  with  our  present  ^o^^^ge  ^i 
these  bodies,  derived  principally  from  the  discoveries  of  I^^^^^^' 
Siebold  and  kblliker:-"  With  our  existmg  means  of  scientific  diagnosis  it 
c^  be  'proved  that  the  formations  in  question  are  mere  elementary  consti- 
J^nts  of  the  animal  organization,  like  the  ova-constituents  equally  as  neces- 
sa^for  the  spermatic  fluid  as  the  blood-globules  are  for  theblood.    The  re- 
r^Skable  phenomena  of  the  life  of  spermatozoa  are  quite  ^^^^g"^  to 
Phenomena  of  motion  observable  not  only  in  animal  formations,  but  also  m 
Sable  structures-as,  for  instance,  in  the  spores  of  Algee  and  of  the  lower 
Sies  of  Fungi,  and  in  the  so-termed  Vihriones  which  grow  out  mto  the  fibres 
of  the  Conferva  caUed  Hygroorocis.  Moreover,  an  unprejudiced  observation  ^ 
prove  that  the  spermatozoa  are  everywhere  void  of  a  special  orgamzation,  a^d 
conlist  of  an  un&orm  homogeneous  substance,  which  exhibits,  when  exammed 
bvTe  microscope,  a  yeHow  amber-like  glitter.    The  opinion  of  an  mtemal 
™ization  of  th;  developed  animal  elements  was  not  a  httle  supported  by 
thPvSus  remarkable  phenomena  of  motion  which  were  fi-equently  perceived 
£  tC     In  former  times,  when  people  had  no  idea  of  the  existence  and 
ivf  put  of  the  so-caUed  automatic  phenomena  of  motions  which  take  place 
^.Jlt  fhe  intervention  or  influence  of  the  nervous  system-when_  nothing 
without  the  ij^teijenti  voluntary  one  which  exists  even 

was  waT  certainly  calculated  to  place  the  independent 

■^^T"Z'^^oT7^mr^^iozoa  beyond  a  doubt.    But  it  is  different  now. 
We^Lt  ltn^^^  not  an  excive  attribute  of  animals,  and  that  an 
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inference  respecting  the  animal  nature  of  the  formations  in  question,  however 
similar  the  motion  observed  in  them  may  be  to  that  of  animal  organizations, 
is  a  very  unsafe  and  venturesome  one. 

"  We  know  that  certain  elcmentaiy  constituents,  animal  as  well  as  vegeta- 
ble, possess  a  power  of  movement,  and  that  they  retain  it  for  some  time  after 
having  been  separated  from  the  organisms  to  which  they  belonged.  We  only 
need  here  remind  ova-  readers  of  the  so-called  ciliated  epithelium,  the  several 
cells  of  which  s^vim  about  in  the  fluid  suiTOunding  them,  and  have  not  un- 
frequently,  and  that  even  quite  recently,  been  considered  independent  animals ; 
or,  again,  of  the  spores  of  the  Algse,  which  actively  move  by  the  aid  of  a  ciliated 
investment,  or  of  a  single  or  manifold  long  whip-like  fibre,  until  they  eventually 
become  fixed  and  develope  themselves  into  a  new  plant.  Such  spores  as  these 
may  be  foimd  described  and  illustrated  in  the  well-known  magnificent  work 
of  Ehrenberg,  classified  as  Infusoria,  under  the  groups  of  Monadina,  Volvo- 
cina,  &c. 

"  Under  such  circumstances  we  may  consider  ourselves  perfectly  justified 
in  declaiing  every  attempt  to  prove  the  parasitic  natiu'e  of  the  spermatozoa 
by  the  characteristic  of  their  peculiar  motion,  as  futile  and  inadmissible." 

Genus  SPIEODISCUS  (XVIII.  63).— Self-division  imperfect  and  oblique, 
producrug  elongated  chains,  or  iaflexible  spirals,  of  a  disc-like  figiu-e.  Its 
organization  is  so  little  known  that  Ehrenberg  considers  the  genus  as  by  no 
means  satisfactorily  determined ;  indeed  there  is  little  doubt  that  it  is  not  a 
member  of  the  Vibrionia. 


Spibodiscus  fulvus.  —  A  lenticular 
spiral,  of  a  yellowish  brown  colour. 
Ai'ticidation  indistinct,    xvm.  63  repre- 


sents three  spirals,  magnified  200  dia- 
meters. Amongst  Confervse.  Breadth 
of  spiral  1-1200". 


Genus  Z00GLQ5A  (Cohn). — Cells  (coi-puscles)  very  minute,  baciUiform, 
hyaline,  aggi-egated  together  iu  a  hyaline  muco-gelatinous,  globose  grape- 
like, and  subsequently  membranaceous  mass,  from  which  they  may  detach 
themselves,  and  swim  away  with  a  vacillating  movement. 


described  forms  of  Cryptococcus,  and  to 
Bactm-ium  Termo  (Duj.),  the  Vibrio 
Lineola  (E.)  (xvm.  69).  (See  Pai-t  I. 
p.  187  et  seq.) 


ZooGLCEA  Termo.  —  Free,  moveable 
cells,  straight,  fi-om  1-2000"'  to  1-700"'. 
It  is  equivalent  to  Palmella  infiisionum 
(E.),Mtcraloa  teres  (vonFlotow),  to  some 

Genus  METALLACTEE,  (Perty). — Bacterium-like  corpuscles,  growing  by 
repeated  imperfect  division  into  stiff  or  shghtly  flexible  fibres  (chains),  which, 
under  certaru  determinate  conditions,  eventually  lose  their  power  of  movement 
and  grow  into  Rygrocrocis-]ike,  tangled,  fibrous  masses,  colourless  or  of  a 
greyish  hue. 

Metallactkb  Bacillus  =  Vibrio  Ba-  are,  m  Pei-ty's  judgment,  nothing  more 
ctlhts.  —  Articulation  imobservable,  or  tlian  delicate  and  transpai-ent  varieties 
seen  with  much  difficulty.  Vibrio  sub-  of  this  same  organism.  In  Switzerland, 
tills  (E.)  and  Bactenum  Catenula  (Duj.)   in  foul  pond-water,  at  all  seasons. 

Genus  SPORONEMA  (Perty)  (XVIII.  65).— Very  minute,  cylindi-ical, 
unarticulated,  hollow  fibres,  closed  at  one  end  (rarely  at  both),  frequently 
enclosmg  two  elliptical  corpuscles  (probably  spores). 

ponoNKMA  flWe  (x^^^  65).—  Movements  tolerably  quick,  either  end 
^'Yr^f'°'^}'^r    ^°  1°°?'         forward.    Specimens  occiu-  where  the 

i-iOUU  ,  and  under,  broad,  of  extremely  spores  distend  the  fibre;  others  contain 
^ilyTf^T   rj  ,  ^i*^    ^one.    In  the  sediment  of  pond-wntor 

MetcMucter  Bimllus,  which  it  much  re-  containing-  CIiRi-a  and  Lenmn,  from 
sembles  ;  yet  is  always  non-articulate,    various  Swiss  locaUties. 
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In  Ehrcnborg's  system  the  family  Clostorina  follows  hero,  but  in  this  edi- 
tion it  is  transferred  to  the  Desmidieaj,  of  which  it  constitutes  an  important 
genus.    (See  Part  I.  p.  1  et  seq.) 

FAMILY  YI.— ASTASL^A  on  EUGLENiEA  (sec  p.  188). 

(XYIII.  35-56  ;  XX.  15-21). 

The  members  of  this  family  are,  according  to  Ehrenberg,  characterized  by 
being  deficient  of  a  true  alimentary  canal  and  lorica,  and  by  having  a  smgle 
apertui-e  and  the  power  of  changing  their  form  at  pleasure.  Their  organs 
of  locomotion  consist  of  a  taU  in  most  cases,  a  single  filament  m  three  genera, 
and  a  double  one  in  a  fourth.  It  is  probable  that  filaments  exist  also  m  the 
other  two  genera,  Colacium  and  Distigma.  The  internal  vesicles  were  pre- 
sumed to  be  gastric  sacs,  although  the  usual  test  of  their  being  so,  viz.  the 
appUcation  of  coloured  food,  faHed  in  Ehrenberg's  hands;  yet  he  says  he 
noticed  some  manifestations  of  a  digestive  power  in  the  green  and  red  ccUb  ot 
Euqlena  viriclis.  In  Euglena  there  are,  besides  gTcen  ova  (granules),  a  gland 
(nucleus)  and  a  contractile  vesicle  ;  but  Astasia,  Distigma,  and  Colacium  ex- 
hibit only  ova.  Large  red  points  are  found  in  five  genera  In  Euglena 
hngicauda  and  E.  amUyopMs,  adds  Ehrenberg,  "  the  first  indication  of  the 
presence  of  nervous  matter  to  be  found  in  the  polygastric  Infusoria  is  met 
with  in  the  form  of  a  white  glandular  knot,  situated  below  the  eye  _ 

The  foUowing  table  iUustrates  the  characters  of  the  genera  of  this  tamUy 
as  instituted  by  Ehrenberg : — 

„    Astasia. 

Eye  wanting  

TaU  wanting   Amblyopbis. 


^Free 

With  ono  eye  ■ 

Eye  present 


With  one 


proboscis  |  rpg^^  present   Euglena. 

With  ono  eye  ]         [  With  two  proboscides   Chlorogoniuui. 

^Attached  hj  a  pedicle   Colacium. 

With  two  eyes    Distigma. 

The  family  Euglentea  (Eugleniens)  of  Dujardin  in  a  great  measure  corre- 
spond™ that  of  Astasieeaof  Ehrenberg;  but  Dujardin  prefers  he  term 
Eugta,  on  accoimt  of  the  resemblance  of  the  other  name  to  that  of  a 
family  of  Crustaceans,  viz.  the  Astacisea.  ^  .    ,  ,     ^  ^ 

Duirdin  looks  upon  the  so-caHed  eyes  as  insufficient  to  aiford  generic 
characters,  which  he  would  dei^e  from  the  natui-e  or  ;;PP;--\^^^^^ 
the  integument,  and  the  number  and  mode  of  insertion  of  the  filaments,  un 
hesfprSples'he  estabhshes  a  genus  Polysdmis,  characterized  by  its  many 
Saments  •  two  genera,  Zygosdmis  and  Hetcronema,  by  a  pau;  of  filamente,  m 
Se  formed  oHqual,  in  the  latter  of  unequal  size.    The  remaining  Eugto 
^hi  h  have  bu?  a  single  filament,  can  be  but  unceiWy  defined :  such  ar 
fhP  Fualeno!  mostly  coloiu-ed,  and  having  a  red  eye-speck  and  a  tail  ,  tnc 
JlS  Sorcofour  and  tail,  but  with  a  filament  flexible  throughout,  and 
wSrXuptly  from  a  notch  in  the  anterior  extremity ;  and  the  Pcramm.^ 
oSv  Serins  froL  the  Astasias  in  having  a  filament  rigid  at  the  base  and 
ittr^^^^  of  the  tapering  anterior  extremity  of  the  ammalcule. 

tVo  fwn  last  eenora  are,  however,  but  provisional.  „  d  < 

Istriia  s^^^^^  of  the  families  in  the  group  of  Pliy^ozoidia  of  Tcrty  who 
•  ^'"'^^'Ij;  ZZv-x  AmUvophis  and  Disii,/ma  of  Ehi-enbcrg,  adopts  tlic  Paa- 
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mnema.  Again,  Schneider  (A.  N.  II.  1854,  xiv.  p.  327)  would  separate 
Clihrocjonmm  from  tlie  Astasitea  on  account  of  its  unchangeable  form,  and  Mr. 
Carter  {A.  N.  H.  1856,  xviii.  p.  IIG,  and  1859,  iii.  p.  15)  would  refer  Euglence 
to  the  vegetable,  and  Astasice  to  the  animal  kingdom.  The  differences  prc- 
vaihng  among  natm-alists  relative  to  the  beings  to  be  admitted  into  the  family 
Astasitea  indicate  either  that  its  characters  arc  not  laid  down  with  sufficient 
precision,  or  that  it  is  not  a  natui-al  group.  The  power  to  vary  the  figure 
can  be  no  adequate  character ;  for  this  is  partaken  by  the  gonidia  of  various 
Algse  in  certain  amcebiform  stages  of  existence,  and,  on  the  other  hand,  is 
absent  in  some  species  enumerated  by  Ehrenberg  in  the  genus  Euglena,  as 
well  as  in  ChJorogonimn.  The  tapering  or  tail-like  prolongation  of  one  ex- 
tremity, the  existence  of  one,  two,  or  more  ciliary  filaments,  as  also  of  a  red 
speck,  are  Hliewise  features  common  to  numerous  zoospores.  Even  when 
appeal  is  made  to  their  internal  organization  and  functions,  nothing  appears 
whereon  the  definite  characters  of  a  natural  family  can  be  bmlt.  Eor,  on  the 
one  hand,  the  organization  assigned  them  by  Ehrenberg  is  now  held  to  be 
untenable,  and,  on  the  other,  no  harmony  prevails  respecting  the  internal 
structure  as  recorded  by  different  observers  of  the  various  genera.  Mr. 
Carter,  in  the  paper  just  quoted,  states  unhesitatingly  that  most  of  the 
Astasice  enumerated  by  Ehrenberg  are  animal  forms,  whilst  the  Euglence 
are  vegetable.  He  remarks  that,  "  although  no  two  Infusoria  can  be  more 
alike  than  Astasia  limpida  and  Euglena  when  casually  obseiwed ....  yet  the 
absence  of  chlorophyll  and  the  presence  of  a  stomachal  cavity,  &c.  for  the 
digestion  of  crude  food  in  the  former,  and  the  presence  of  chlorophyll  and 
absence  of  a  stomachal  cavity,  as  well  as  of  aU  means  of  taking  in  crude  food 
for  digestion,  in  the  latter,  are  distinguishing  characters  which  at  once  place 
Astasia  limpicla  on  the  animal,  and  Euglena  on  the  vegetable  side,  respectively, 
of  the  great  organic  kingdom;  yet  both  Ehrenberg  andDujardin  have  classed 
Astasia  and  Euglena  together." 

If  the  organic  difference  between  Astasice  and  Euglenai  be  what  Mr.  Carter 
asserts,  his  proposition  to  divide  the  Astasiasa  of  Ehrenberg  into  two  families, 
viz.  Astasiasa  and  Euglenaea,  must  be  accepted. 

The  Astasisea  inhabit  ponds,  mostly  occurring  on  the  surface,  and  frequently 
tinge  the  water  with  their  own  colour  when  their  multiplication  has  been 
very  rapid.  When  swimming,  they  present  an  elongated  form,  but  when 
fixed,  often  appear  as  round  globules.  Erom  theu-  beautiful  colom-,  theii- 
ever  varying  changes  of  form,  and  the  rapidity  of  some  of  their  vital  acts, 
they  are  most  interesting  and  pretty  objects  under  the  microscope,  and  from 
their  common  occm-rence  are  almost  always  at  hand  for  the  student.  Many 
are  capable  of  progressing  by  alternately  fixing  and  advancing  the  head  and 
tail  after  the  manner  of  a  leech,  as  well  as  by  the  usual  process  of  swimming. 

Genus  ASTASIA  (XVIII.  36,  48, 49,  50).— Individuals  free  (not  attached 
by  a  pedicle),  and  furnished  with  a  long  or  short  tail,  but  no  eye-specks.  A. 
pusilla  IS  the  only  species  in  which  vacuoles  have  been  clearly  seen  Ova 
(granules)  ai-e  perceptible  in  A.  hmmatodes,  and  probably  exist  in  the  three 
other  species  ;  a  locomotive  organ  in  the  form  of  a  thread-lilvc  proboscis  exists 
m  A.  misiUa.  Perty  unites  this  genus  with  Distigma.  The  immense  num- 
bers iif  which  these  Infusoria  are  sometimes  developed  in  a  few  days,  and  the 
blood-red  colour  they  impart,  have  not  unfrcquently  been  the  cause  of  con- 
siderable alarm  and  anxiety  to  persons  residing  in  the  vicinity  of  ponds  or 
smaU  lakes  which  have  become  blood- coloiu-ed  by  their  swarmiiig. 

Dujardin's  genus  Astasia  is  defined  as  colouricss,  obtuse  or  rounded  poste- 
riorly;  whilst  those  described  by  Ehrenberg  are  mostly  green  or  red,  and 
provided  with  a  longer  or  shorter  caudal  prolongation. 
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Astasia  hecmatodes  (xvru.  86,  two 
figs.). — Body  fusiform  or  spiudle-sliaped 
when  extended;  tail  very  short;  body 
green  at  first,  afterwards  of  a  hlood-red 
colour.  The  illustrations  represent  one 
creatui-e  extended,  and  another  con- 
tracted. Hanipstead.  1-380".  This  spe- 
cies is  referred  by  Dujardin  and  Carter  to 
the  genus  Euglena. 

A.  fiavicans.  —  Extensible,  cone- 
shaped,  approaching  cylindi'ical,  and 
rounded  at  the  foremost  exti-emity.  Tail 
very  short  and  blunt;  granules  of  a 
yellowish  colour.  In  yellow  ditch- 
water.    Length  about  1-430". 

A.  pusilla. — Extensible,  cone-shaped, 
swelling  out  and  rounded  at  the  fore 
extremity,  tail  very  short  and  pointed ; 
colourless.    Motor  filaments  above  twice 
the  length  of  the  body.  Movements 
slow;  but  rotation  on  the  longitudinal 
axis  rapid.    Several  phases  of  Euglena 
viridis  resemble  this  species  m  form, 
molecular  arrangement  of  contents,  size, 
and  motion,  and  are  pecidiar  only  on 
accomt  of  their  green  colour  and  red 
stigma.    Ehrenberg  remarks  that  they 
are  often  so  abimdant  that  thousands, 
perhaps  millions,  of  these  creatru-es  are 
sometimes  contained  in  the  hoUow  of  a 
watch-glass,  and  form  a  stratum  on  the 
surface  of  the  water.    They  might  be 
mistaken  for  the  young  of  the  A.  fia- 
vicans, but  that  the  vesicles  within  them 
are  larger  than  those  in  that  species, 
which  IS,  moreover,  without  proboscis. 
As  soon  as  a  little  coloui-ing  rnatter  was 
thrown  into  the  water,  an  evident  ciu-- 
rent  was  observed  near  the  fore  part  of 
the  creature ;  and  by  this  means,  in  1833, 
the  thread-like  filament,  which  is  about 
half  the  length  of  the  body,  was  first 
perceived.    Sometimes  the  entire  crea- 
ture appears  to  glisten.     Should  this 
species,  upon  closer  inspection,  be  found 
to  be  ciliated,  it  would  be  rightly  placed 
among  Peridiniaja.    1-1440"  to  1-500". 
The  size  of  the  vesicles  remarked  by 
Ehrenberg  is  no  distinctive  character;  and 
Mr.  Carter  believes  that  both  this  species 
and  A.  fiavicans  axe  either  identical  with 
or  very  nearly  allied  to  A.  limpida,  and 
therefore  animal  organisms,  unlike  the 
EuglencB,  to  which  they  have  a  general 
resemblance.  ^     -i  i  e 

A  (P)  CT'ncZis.  —  Extensible ;  ot  an 
ovate-oblong  form,  distended  a  little  at 
the  middle ;  tail  very  short  and  pointed ; 
green.  Amongst  Conferva).  1-1200 
to  1-900".  This  species  and  A.  iKtma- 
todes  are,  in  Duiardm's  opinion,  members 
of  the  genus  kglena,  the  only  appre- 


ciable  difference  between  them  being  the 
presence  of  a  red  stigma  in  this  genus. 
In  this  opinion  Mr.  Carter  coincides. 

A.  nivalis  (Vogt)  (xvii.  532-533).— 
Oval,  extremities  rounded,  rarely  pear- 
shaped,  coloui-  deep  reddish-brown,  mo- 
tion rapid.    Foimd  with  Protococcus  ne- 
bulosus  in  snow  (Switzerland).  1-1500". 
M.  Vogt,  in  his  account  of  the  Astasia 
nivalis,  describes  it  as  invested  with  a 
carapace  (lorica),  open  only  at  the  an- 
terior exti-emity.    This  opening^  is  fur- 
nished with  numerous  small  cilia ;  and 
here,  doubtless,  the  mouth  is  situated, 
the  indication  of  which  is  given  by  an 
orange-coloui-ed  tint,  _  which  is  clearer 
than  that  of  the  rest  of  the  animal. 
"The  presence  of  a  lorica  and  cilia 
afibrds   a  character  which  does  not 
allow  this  animalcule  to  be  placed  with 
Astasia,  as  Shuttleworth  has  done;  on 
the  conti-ary,  it  ought  to  be  placed  in 
the  family  Peridiniiea  (Ehr.),  or  else  be 
regarded  as  the  type  of  a  new  genus, 
distinguished  by  the  absence  of  a  groove 
in  the  lorica,  and  by  the  stiff  haii's  of 
Peridinium  being  replaced  by  soft  cilia." 
(On  the  Animalcules  of  the  Red  Snow, 
Bibl.  Univ.  de  Geneve,  1841.)    This  pre- 
sumed  species  is,  in  all  probability, 
nothing  more  than  an  encysted  cor- 
puscle, probably  a  species  of  Chlamy- 
dococcus,  . 

A.  ^a<s.— Hyaline,  figm-e  long-fusi- 
form, acute  at  each  end;  filament  the 
length  of  the  body.  1-650".  Berlin. 
Under  the  head  Astasia,  Perty  enume- 
rates the  following  species ;  but,  as  he 
makes  no  distinction  between  Astasia 
and  Distigina,  the  generic  appellation  is 
not  quite  equivalent  to  that  used  by 
Ehrenberg. 

A.  margaritifera  (Smarda).— Remark- 
able by  its  variability  of  form,  or  meta- 
bolia,  the  contents  appearing  to  be  dnven 
from  one  part  to  another,  filling  and  dis- 
tending one  portion,  whilst  the  otlier  is 
left  empty  and  contracted.  Hyaline 
granvdes  (gei-ms?)  very  distuict.  At 
periods  it  loses  its  filaments,  and  with 
them  its  powers  of  swimming,  when  it 
adopts  a  crawling  movement.  Two 
clear  spots  occur  near  the  base  of  the 
filament,  which  is  once  and  a  half  to 
twice  the  length  of  the  bod.f :  these 
spots  were  called  eyes  by  Ehrenbei^-, 
who  made  them  the  distinctive  feature 
of  a  genus  Distigma.  In  pond-water, 
and  even  under  ice,  but  not  coniinou. 
A  variety,  much  elongated  and  slender, 
has  been  called  Astasia  ScrpcntuJus. 
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The  following  species  are  described 

A.  contorta  (xvm.  49,  50).— Colour- 
less, serai-ti-ansparent,  containing  pale- 
j'ellow  granules ;  cylindroid,  enlarged  in 
the  middle,  obtuse  at  each  end,  and 
marked  with  oblique  sti'ife,  giviiig  rise 
to  a  twdsted  appeai-ance.  1-450".  In 
sea-water. 

A.  injlata.  —  Semi-transparent,  dia- 
phanous, conti-actUe,  ovoid,  obliquely 
but  regularly  plaited  or  striated.  1-560". 
In  sea-water. 

A.  Unipida  (xvm.  48  a,  h,  c).  —  Dia- 
phanous, smooth,  very  variable,  fusiform, 
more  or  less  obtuse  at  each  end,  cleft 
anteriorly,  and  often  obliquely  doubled 
on  itself  or  twisted.  1-650"  to  1-530". 
In  ditch-water.  Perty  remarks  that 
Dujardin  is  wrong  in  identifying- torn 


by  Dujardin : — 

pusilla  and  A.flavicans  with  this  species. 
Mr.  Carter  {A.  N.  H.  1859,  iii.  p.  15)  treats 
this  organism  as  an  undoubtedly  animal 
foiTQi,  and  describes  it  as  having  a 
stomach  or  digestive  cavity,  into  which 
it  receives  food  from  without.  Unlike 
Euglena,  which  it  outwardly  resembles, 
it  contains  no  chlorophyll.  He  also  con- 
siders that  it  is  the  same  being  which 
Ehrenberg  has  described  and  figured  as 
Ti-achelius  trichophorus. 

A.  longifilis  (Perty). —  Hyaline,  with 
pale-green  internal  granules ;  filament 
at  least  three  times  longer  than  the 
body :  a  lateral  plait  or  figm-e  is  seen  in 
the  anterior  half.  Foim  unchangeable. 
Motion  tolerably  fast.  1-1000". 


Genus  AMBLTOPHIS  (XVIII.  45). — Free,  with  a  single  eye-speck  and 
flabelltini,  but  no  tail.  The  flabellum  or  filament  serves  as  an  organ  of 
locomotion,  and  is  situated  at  the  fore  extremity,  which,  says  Ehrenberg,  is 
cleft,  so  as  to  represent  a  two-lipped  mouth,  the  filament  being  very  readily 
distinguished  on  the  upper  lip.  The  colour  of  the  animalcule  is  derived  from 
the  closely  compressed  mass  of  green  granules,  which  nearly  fiUs  the  body. 
Near  the  middle  of  the  creature  is  a  large,  bright,  globular,  together  with  five 
wand-hke  bodies,  two  of  which  are  situated  before,  and  three  behind  the 
former ;  these  structTires  together  were  supposed  to  be  male  generative  organs. 
No  contractile  vesicle  has  been  observed.  Self-division  is  unknown.  The 
coloured  speck  is  very  highly  developed.  Towards  the  anterior  pai-t  of  the 
body,  and  just  behind  the  filament  where  the  mass  of  granules  commences, 
there  is  a  bright-red  and  somewhat  lengthened  spot  (resembling,  as  to  situ- 
ation and  colour-,  the  eye  of  the  Rotatoria  and  Entomostraca),  in  the  clear 
space  beneath  which  is  a  mass  of  matter  of  a  very  peculiar  description,  of  a 
globular  form,  having,  to  Ehrenberg's  apprehension,  the  appearance  of  a 
nervous  ganglion,  and  being  most  probably  connected  with  the  organ  of 
vision.  This  genus  is  not  distinct  from  Euglena ;  for  the  absence  of  the  so- 
caUed  tail  is  insufficient  to  distinguish  it,  and,  what  is  more,  Perty  has  seen 
AmhlyopMsviridis  proceed  from  Euglena  viridis  in  the  process  of  reproduction. 

Amblyophis  viridis  (xvm.  45).  — 
Large,  elongated,  cylindrical,  distended 
or  compressed,  and  abruptly  rounded  at 


the  posterior  extremity  ;  green,  head 
colourless ;  eye-speck  large,  bright  red. 
The  motion  of  this  creature  is  sluggish 


and  serpentine,  and  by  its  evolutions 
might  easily  be  mistalcen  for  the  Euglena 
Spirogyra,  were  that  creature,  like 'this, 
taiUess.  Fomid  with  Euglencs,  chiefly 
in  the  spring.  1-210"  to  1-140"  (vide 
p.  194).  ^ 


Genus  EUGLENA  (XVIII.  37-44,  4G,  51,  52,  54).-This  beautiful  genus 
of  the  family  Astasisea  is  characterized  by  being  furnished  with  an  eye,  a 
smgle  thread-Hke  filament,  and  a  tail,  and  by  being  free.  The  locomotive 
filament  is  seenm  nine  species  out  of  the  eleven,  and  has  a  double  appearance, 
m  E.  sangmnea  ascnbed  to  the  condition  of  the  animalcule  preparatory  to 
self-division.  In  Euglena  hyalina,  E.pleuromctes,  and  E.  longicauda,  vacuoles 
are  generaUy  visible  ;  but  in  the  other  species  they  are  obscured  by  the  masses 
of  green  granules  which  colour  theii-  bodies.  Certain  internal  appearances 
have  been  recognized,  whicli  Ehrenberg  supposed  to  be  of  a  male  generative 
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nature,  i.  e.  a  nucleus.  Longitudinal  self-division  has  been  observed  in  E. 
Aciis,  and  the  commencement  of  it  in  E.  sanguinea  (XVIII.  37-39).  Close  to 
tbe  red  point  a  supposed  nervous  ganglion  or  eye-speck  is  visible  in  E.  longi- 
cauda  (XVIII.  44),  such  as  is  seen  in  AmbhjopUs.  The  genus  Eiujlena  of 
Ehrenborg,  saysDujardiu,  contains  some  species  of  a  compressed  leaf -like  form, 
and  quite  deficient  of  contractility,  which  require  to  be  placed  in  the  genus 
Phacics  of  the  fanuly  Thecamonadiua. 


EuGLBNA  sanguinea  (Cercaria  viridis, 
M.)  (xvra.  37-39). — ^Extensible,  of  an 
oblong-cylindrical    or  spindle-shaped 
form,  with  head  greatly  rounded  ;  tail 
short,  conical,  and  somewhat  pointed. 
FlabeUimi  longer  than  the  body  in  its 
extended  condition.    When  yoimg,  they 
are  green,  but  when  full-grown,  of  a 
blood-red  colom-;  and  specimens  are 
frequently  foimd  vaiiegated  red  and 
green.    The  motion  of  this  miiltiform 
animalcule  is  generally  slow;  and  it 
sometimes  revolves  upon  its  longitudinal 
axis  in  swimmiag.    The  thi-ead-like  fila- 
ment, which  is  a  prolongation  of  the 
upper  lip,  and  rather  longer  than  the 
body,  is  so  delicate  aa  to  require  consi- 
derable care  iu  investigating  it,  and, 
being  retractile,  wiU  often  elude  obser- 
vation.   A  little  colouring  matter  in  the 
water  will  exhibit  this  organ  in  active 
operation ;  and  it  may  be  distinctly  seen 
in  a  single  animalcule  in  a  diied  state, 
upon  a  plate  of  clear  glass.    The  double 
appearance  of  the  organ  in  this  species 
has  been  before  noticed.  Ehrenberg 
conjectm-ed  that  the  miracle  in  Egypt, 
recorded  by  the  great  lawgiver  of  the 
Jews,  of  tm-niag  the  water  into  blood, 
might  have  been  effected  by  the  agency 
of  these  creatiues,  or  by  the  Astasia 
hasmatodes.    In  stagnant  water,  often  in 
great  abundance  on  the  siuface.  1-300" 
to  1-210".    This  is  in  all  probability  a 
mere  variety  of  E.  viridts;   the  red 
colour  is  not  a  specific  distinction,  but 
only  a  sign  of  maturity. 

E.  hyalina. — Extensible  in  a  spmdle 
shaped  manner  ;  head  attenuated,  bluntec 
at  the  extremity,  and  two-lipped;  tail 
short,  and  somewhat  pointed;  coloin 
transparent  and  whitish  ;  rare.  1-280". 
Perty  asserts  that  it  is  only  a  variety  of 
E.  viridis. 

E  deses (Enchelys  deses,  M.).— Extensi- 
ble, cvlindrical,  abruptly  rounded  at  the 
head,  and  sUghtly  bi-lipped.  Tail  very 
short  and  pointed;  coloMgi-een;  motion 
a  winding  and  sluggish  creeping,  never 
swimming.  Filament  very  long  and  fine. 

Amongst  Lemnro.   .1-249  • 

E.  tnridis  (Cercaria  riruhs,  M.)  (xvni. 
40)  —Extensible  in  a  spindle-shaped 


manner;  head  attenuated  and  short. 
Tail  short,  and  cone-shaped,  not  cleft; 
colour  green,  excepting  the  two  ex- 
tremities, which  are  colourless.  The 
double-pointed  tail  represented  by  Leeu- 
wenhoek  and  others  does  not  exist. 
When  the  creature  is  young,  its  eye- 
speck  is  imperceptible  or  very  pale, 
and  it  may  readily  be  mistaken  for 
Astasia  viridis  or  Monas  deses.  When 
dried  on  glass,  the  speck  seldom  retains 
its  colour  more  than  a  week;  but  the 
filament  may  be  well  examined  and  pre- 
served when  so  treated.    Filament  twice 
the  length  of  the  body,  which  differs 
very  much— between  1-600"  and  1-140". 
Perty  aifii'ms  that  E.  hyalina  is  a  mere 
variety  of  this  species,  and  that  Am- 
blyopliis  viridis  (xvni.  45)  is  the  same, 
for  he  has  witnessed  the  same  individual 
Euglena  produce  both  Euylena  and  Am- 
hlyopMs.    This  observer  has  found  E. 
viridis  at  an  elevation  of  9000  feet,  on 
the  Alps.    On  the  sm-face  of  ponds  at 
Hampstead  and  elsewhere,  common. 

E.  Spirogyra  (xvrn.  52).— Extensible 
and  cylindrical ;  very  finely  striated  and 
granulated.  The  head  is  a  little  trun- 
cated, and  the  hinder  part  attenuated 
into  a  short  pointed  tail;  colour  a 
brownish  green ;  motion  like  E.  deses. 
Its  colour  varies  from  a  beautiful  gi-een 
to  yellow  or  brown.  It  always  occiu-s 
singly.  E.  oxyuris  (Smarda)  is  not 
specifically  distinct.  Amongst  Conferva} 
and  Bacillaria.    1-240"  to  1-120". 

E.  Pyrum  (xvm.  41,  42).— Obhquely 
fiuted;  when  distended,  oval  or  pear- 
shaped.  The  tail  generally  about  the 
length  of  the  body,  and  pouited ;  colour 
green.  Foimdmth  many  other  species  at 
Hampstead,  but  not  so  'frequently  as  the 
other  species.    1-1152"  to  1-864". 

E.  pleuronectes  (Cercaria  pleiironcctes, 
M.).  —  Compressed,  ovate-orbicular,  or 
in  the  form  of  an  obovate  leaf ;  stiiated 
longitudinally;  colour  gi-eeu;  tail  pointed, 
one-third  or  'one-fourth  part  the  length 
of  the  body,  and  coloiuiess.  In  stagnant 
water.    1-1152"  to  1-480". 

E.lom/icauda  (xviii. 44).— Mostly  stiff, 
compressed,  elliptical,  and  leaf-like ;  co- 
loiu-  green  ;  tail  the  length  of  the  body. 
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awl-shapod  and  colourless.  Within  this 
creature  may  often  bo  seen  a  yellowish- 
green  mass  of  o'ranides.  The  very  deli- 
cate vibrating-  tlu-ead-like  filament  has 
its  origin  from  the  more  projecting  side 
of  an  indentation  on  the  anterior  edge  of 
the  body,  and  is  about  two-thirds  its 
length.  '  This  creature  has  the  power  of 
twisting  its  body  into  a  spiral  foiin,  but 
not  of  contracting  it.  It  swims  fi'cely, 
and  mostly  with  a  vibratory  motion, 
occasioned  by  the  action  of  the  filament. 
In  fresh-water  amongst  Confervaj  and 
BacUlaiia.    1-480"  to  1-120". 

E.  triquetra.  —  Leaf-shaped,  three- 
sided,  oval-keeled  ;  coloui-  gi'een ;  tail 
shorter  than  the  body,  and  colomiess. 
Amongst  LeninaB.  1-580". 

E.  Acus  {Vibrio  Acus,  M.). — Slender, 
spindle-shaped,  and  straight ;  head  atte- 
nuated, and  a  little  truncated ;  tail  very 
pointed ;  body  green  ia  the  middle,  and 
colourless  at  the  extremities.  This  is  one 
of  the  most  beautiful  animalcules  seen 
under  the  microscope ;  its  graceful  form 
when  svdmming,  its  bright-red  ej^e,  the 
cmious  forms  it  assimies  when  stationary, 
and  its  remai'kable  appearance  when  xm- 
dergoing  self-division,  ail  conibiae  to 
render  it  worthy  of  observation.  Fresh 
and  brackish  water.    1-570"  to  1-110". 

E.  rostrata. — ^Elongated  and  conical, 
with  the  hinder  part  gradually  attenu- 
ated into  a  very  short  tail.  Head  slightly 

Mr.  Garter  describes  the  following  : 
of  Bombay : — 

E.  fusiformis. — Short,  thick,  fusifonn, 
obtuse,  of  a  rich  gi-een  colour,  provided 
with  a  long,  delicate,  single  cilium,  which 
projects  from  a  slightly  bilabiate  anterior 
extremity ;  a  little  behind  which  is  the 
eye-spot,  attached  to  the  contracting 
vesicle.  Nucleus  central,  situated  be- 
tween the  ends  of  two  elongated,  refi-ac- 
tive,  nucleated  cells,  which  extend  round 
the  body  equatorially.  Tailless.  Motion 
during  progression  oscillatoiy,  and  rotat- 
ing on  the  longitudinal  axis.  Length 
about  1-700",  breadth  about  1-1100". 
Freshwater  tanks  in  the  island  of 
Bombay. 

_E.  zowafes.— Short,  thick,  ovoid  cylin- 
drical, slightly  nan-owed  anteriorly,  of  a 
rich  gi-een  colour ;  provided  with  a  long 
delicate  cilium,  which  projects  from  the 
notch  of  a  slightly  bilabiate  anterior  ex- 
tremity ;  a  little  behind  which  is  the  eye- 
spot,  attached  to  the  contracting  vesicle. 


bent,  like  a  beak ;  colour  gi-cen.  Amongst 
Oscillatoriaa  and  Bacillaria.  Length 
about  1-500". 

E.  Ootwi.— Ovate,  gi-een,  with  a  veiy 
short  hyaline  caudal  prolongation,  and  a 
largo,  double,  circular  nucleus.  1-1560". 
Berlin. 

E.  gmiculata  (D.). — Green,  elongated, 
cylindrical,  flexible  but  not  very  con- 
tractile ;  movement  slow ;  tail  tapering, 
clear,  and  at  an  angle  with  the  body — 
hence  the  name.  1-208"  to  170".  This 
large  Euglena  is  remarkable  by  its  elong- 
ated form,  by  its  diameter  being  nearly 
equal  to  its  leng-th,  without  the  bulging 
of  E,  viridis,  and  by  its  articulated  tail. 

E.  obscura  (D.). — Thick,  oblong;  dis- 
tended and  obtuse  posteriorly;  but  the 
fonn  very  variable  ;  clearer  and  of  a  red 
tint  anteriorly,  eye-speck  reddish-black ; 
filament  half  as  long  again  as  the  body. 
1-870".  This  form  Perty  sminises  to  be 
only  a  deeper-coloured  specimen  of  JE. 
satiffidnea,  which  he  often  found  of  a 
brown  or  blackish-red  colour. 

E.  mua-onata  (Perty). — Of  a  beautiful 
green  coloiu',  the  anterior  segment  or 
head  fi'equently  hyaline,  with  a  clear-red 
stigma;  tail  pointed  and  ti'ansparent. 
Body  oval,  often  longitudinally  and 
finely  striped.  Filament  overlooked. 
Dificrs  from  E.  geniculata  by  the  absence 
of  the  angularly-set  filament.  1-108"  to 
1-84". 

new  species  from  the  freshwater  tanks 

Nucleus  central,  between  the  ends  of  two 
wide,  refractive,  nucleated  cells,  which 
extend  round  the  body  equatorially.  Tail 
adhesive  or  sectorial  (?),  short,  about 
one-sixth  part  of  the  length  of  the  body. 
Motion  dm-ing  progression  oscillatory 
and  rotating,  on  the  long  axis  of  the  body. 
Leng-th  1-1100", breadth  1-1800".  Fi-esh- 
water  tanks  in  the  island  of  Bombay. 

These  two  Euglena  are  remarkable  for 
having  that  refi-active  ccU  or  organ  which 
I  have  called  the  "glair-cell  "  equatorial, 
instead  of  lon^tudinal  as  in  Euqlma 
Spirogyra,  or  single  and  in  the  anterior 
lip  as  in  Crmncnuki  tcxta. 

E.  ngilis. — Is  a  tliird  species  Mr.  Carter 
would  distinguish  ;  but  he  baa  given  no 
details,  except  relative  to  its  develop- 
ment in  the  still  foi-m.  1-GOO".  In  the 
brackish  waters  of  the  marshes  of  Bombay 
{A.  N.  II.  1856,  xviii.  p.  246). 


Genua  CHLOROGONTUM  (p.  195) 


(XVIII.  47;  XX.  15-21).— At^W 
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with  a  double  filament.  Are  free  and  provided  with  an  eye-speck,  tail,  and 
double  filament.  The  only  known  species  is  of  a  very  beautiful  green  colour, 
and  has  numerous  transparent  vesicles  within  it.  A  distinct,  hyaline  nucleus 
is  perceptible  in  the  centre  of  the  animalcule.  Self-division  of  the  contents 
into  foui-  or  more  segments  has  been  observed  to  take  place,  also  propagation 
by  microgonidia.  Schneider  and  Perty  concur  respecting  the  propriety  of 
detaching  Chlorogonium  from  the  Astasisea.  Numerous  dull-red  specks  are 
scattered  throughout  its  green  contents,  no  one  of  which  has  the  clearness 
and  distinctness  of  the  stigma  of  Euglence.  The  prunordial  envelope,  ™  its 
enclosed  green  contents,  varies  in  figui'e ;  but  not  the  external  one,  which  is 
rigid. 


CmoBOGONiUM  cuchlonim  (xvm. 
47;  XX.  15-21).— Spindle-shaped,  veiy 
pointed  at  both  exti-emities ;  tail  short ; 
coloui-  sparkling  green.  The  eye-speck 
is  so  delicate  that  it  may  be  easily  over- 
looked ;  but  when  the  creature  is  dried 
upon  a  plate  of  very  clear  glass,  both  the 
eye  and  the  double  filament  are  readily 
seen,  and  it  may  be  preserved  as  a  per- 
manent microscopic  object,  xviii.  fig. 
47  represents  a  cluster  of  six,  each  with 
its  double  proboscis.  In  water-butts,  on 
ponds,  &c. ;  it  forms  the  green  matter  of 

Genus  COLACIUM.— Eye-speck  or  stigma  single.  Filament  not  detected 
in  this  genus,  although,  as  Ehrenberg  remarks,  there  can  be  no  doubt  ot  its 
existence,  from  the  currents  which  are  visible  in  coloured  water  near-  the 
forepart  of  the  body;  stiU,  as  these  are  rather  feeble,  it  is  probable  that  the 
organ  is  but  single.  Numerous  transparent  vesicles  ai-e  seen  within  the  body. 
The  creatui-es  are  parasitical  upon  Entomostraca  and  Eotatoiia,  to  which  they 
attach  themselves  by  means  of  a  pedicle  or  footstalk,  which  is  smgle  at  fii-st, 
but  becomes  ramified  by  the  process  of  self-division 


Priestley.  1-110"  to  1-280",  exclusive 
of  the  tan.  It  was  in  this  species  that 
M.  Weisse  thought  he  had  discovered  a 
form  of  propagation  analogous  to  that  by 
ova,  but  m  fact  to  reproduction  by  mi- 
crogonidia (xx.  15-21).  The  young 
forms  so  produced,  especially  in  then- 
aggregate  state  before  discharge,  re- 
semble Uvella  Bodo;  and  M.  Weisse 
thinks  Chlorogonium  euchlonim  and 
Glmomorum  tmgms  only  other  stages  of 
development  of  the  same  organism. 


OoLACitTM  (?)  vesiculosum. — Spindle- 
shaped,  oval,  but  variable ;  pedicle  very 
short,  and  seldom  ramified;  _  colour 
sparkling  green,  with  distinct  internal 
vesicles.  Ehrenberg  says,  "  I  have  again 
sought  in  vain  for  the  red  eye  (May  23, 
1835),  but  cannot  be  satisfied  of  its  non- 
existence, as  it  is  imdoubtedly  present 
in  the  other  species,  and  investigation 
is  sometimes  unproductive  on  account 
of  subordinate  circumstances.  I  have 
likewise  failed  in  seeing  very  satis- 
factorily the  vibratory  organ,  notwith- 
standing its  action  is  evident  enough." 


Foimd  upon  Entomostraca.  _  1-860". 

0.  stentorinum.  —  Fonn  vai'iable,  but 
somewhat  cylindrical,  prolonged  anteri- 
orly into  a fimnel-shaped process;  coloin 
beautiful  gi-een;  vesicles  indistinct;  pedi- 
cle often  ramified.  The  eye-speck  is  at 
one  time  distinct,  at  another  scarcely 
perceptible;  it  difters  also  in  position  so 
widely  that  sometimes  it  is  close  to  the 
elongated  neck,  at  others  near  the  poste- 
rior end.  Perty  siumises  it  to  be  a  larval 
condition  of  some  other  being,  or  merely 
a  sporozoid.  Found  upon  Entomosti-aca 
and  Polyarthra  trigla.  1-1150". 


Genus  DISTIGM A.— Osteite  with  two  eye-specks.  Locomotive  organs 
not  hitherto  discovered ;  and  the  presumption  is  that  they  do  no  exist ;  none 
of  the  species  either  swim  or  produce  perceptible  currents  m  coloured  wateu 
Movements  creeping  or  ciwling,  much  like  those  of  eeb ; 
fi,o+  nf  Lnrrumaria:  and  they  approximate  to  Amccha  in  othei  icspec^, 
flLZ  the  Xence  of  a  flabdlui!  At  the  fore  part  of  the  body  may  be 
Left  V  very  ^^^^^^^^^  blackish-coloured  spots,  analogous  the  eye-spj^s 
in  other  genera.    The  Distignur  are  sometmies  confoimded  with  P>otcus 


OF  THE  ASTASI^A  OH  ETTGLENiEA. 


545 


diMums  of  MUUer.  AU  the  species  are  exquisite  objects  for  a  deep-powered 
microscope— for  instance,  one  magnifying  460  diameters.  Perty  unites  this 
genus  with  Astasia,  as  being  indistinguishable  fi-om  it  by  any  sufficient  charac- 
teristics. 

a  greater  or  less  extent,  its  filaments,  and 
therewith  its  power  of  swimming,  whilst 
it  retains  the  remarkable  peristaltic  move- 
ments in  its  internal  substance. 

D.  viridis. — Smaller  than  either  of 
the  other  species;  proteus-like  some- 
times greatly  distended,  at  others  con- 
stricted; filled  with  gi-een  granules;  eye- 
specks  distinct.  Length  not  exceeding 
1-570".  D.  viridis  is,  in  Perty's  opinion,  an 
incomplete  condition  of  Eutreptia  viridis, 
D.  planaria. — Small,  linear;  proteus-- 
like, but  capable  of  less  distension  or 
constriction  than  the  preceding ;  pointed 
at  both  exti-emities ;  colourless;  eye- 
specks  distinct.  Found  by  Ehrenberg 
amongst  Confervse  in  the  Nile.  1-240". 


DiSTiGMA  tenax  {Proteus,  M. ) . — Lai-ger 
than  either  of  the  other  species ;  proteus- 
like— at  one  time  greatly  distended,  at 
another  as  much  constricted;  eye-speck 
rather  indistinct ;  colour  ti'ansparent  yel- 
low. About  Lemnas.  1-240".  This  spe- 
cies Perty  regards  as  merely  a  larger 
variety  of  Astasia  margaritifera,  inca- 
pable of  the  same  extent  of  metabolia. 

D.  Proteus  (Proteus,M.). — Smaller  than 
the  preceding ;  proteus-like — sometimes 
greatly  distended,  at  others  constricted; 
blunted  at  both  extremities ;  eye-specks 
distinct.  Amongst  Confervse.  1-580"  to 
1-400".  This  species,  says  Perty,  appears 
nothing  else  than  a  smaller  specimen  of 
Astasia  margaritifera  which  has  lost,  to 

Genus  PERANEMA  (Duj.)  (XXVI.  13).— Body  of  variable  form,  some- 
times almost  globular,  at  others  distended  posteriorly,  and  di-awn  out  in  front, 
or  prolonged  into  a  long  tapering  filament.  Movement  forwards  slow  and 
uniform.  The  Peranemce  are  colourless,  but  contain  in  their  diaphanous 
substance  granules  and  vacuoles.  The  lobes  they  send  out  in  their  frequent 
and  remarkable  changes  of  form  are,  unHke  those  of  the  AmcebcB,  covered 
with  an  integument.  Found  in  stagnant  marsh-water,  chiefly  on  the  surface 
of  dead  plants.  I  suspect  Ehrenberg  has  described  a  species  (P.  protracta) 
of  this  genus  under  the  name  of  Trachelius  trichojphorus. 


Pebanema  protracta. — Oblong,  soft, 
dilated  posteriorly,  much  extended  an- 
teriorly. 1-838"  to  1-370".  Its  figure 
midergoes  changes  by  the  movements  of 
its  contents.  A  ti-ace  of  a  red  stigma 
often  discoverable. 

V.  glohidosa  (xxvi.  13). — White  or 
pale-green,  nearly  globular,  more  or  less 
extended  anteriorly,  with  oblique  plaits 
on  its  surface.    In  the  Seine,  and  in 


ponds  atBern.  1-1625" to  1-1300".  Perty 
coidd  not  discover  the  plaits  or  folds, 
and  states  that  the  filament  is  double 
the  length  of  the  body.  Movements 
very  active. 

P.  virescens. — The  animalcide  so  named 
occurred  in  the  water  .of  the  Seine,  was 
green,  semi-fluid,  and  changed  form  most 
rapidly,  like  anAmwba.  1-860"  to  1-520". 
Requires  further  examination. 


Genus  ZYGOSELMIS  (Duj.)  (XXYI.  12  a,  6).— Animal  of  variable  form, 
swimming  by  means  of  two  equal  flageUiform  filaments,  which  are  constantly 
in  agitation.  Zygoselmis,  says  Dujardin,  is  distinguished  from  Diselmis  by 
its  contractility  and  its  variability  of  form ;  but  such  a  distinction  is  surely 
insufficient. 


Zygoselmis  nehulosa  (xx^^:.  12  a,  h). — 
Colourless,  sometimes  globular,  at  others 
top-  or  pear-shaped,  with  numerous  con- 
tained granules.  1-1300",  with  two  fila- 
ments of  equal  size  and  length.  Un- 
common; found  with  Lemna;  the  changes 
of  form  proceed  slowly. 
_  Z.  inesqualis  (Perty).— Coloinless,  hya- 
line; one  filament  rather  stouter  than 


the  other ;  both  protruded  in  front.  Ca- 
vity sometimes  filled  with  cleai*  green 
corpuscles,  which  frequently  assume  op- 
tically a  red  hue.  Changes  of  figm'e 
slow  ;  movements  sluggish.  Distin- 
guished from  Z.  nehulosa  by  the  inequa- 
lity of  its  filaments.  1-840".  The  assigned 
distinction  between  this  and  the  other 
species  appears  to  us  insufficient. 


Genus  HETERONEMA(Duj.)  (XXVI.  11).— Body  of  variable  form,  oblong, 
in-egulariy  dilated  posterioriy,  having  a  fine  flageUiform  filament,  and  a  second 
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thicker  trailing  one  acting  as  a  retractor.  This  genus,  by  possessing  the  two 
filaments  of  different  characters  and  office,  approaches  the  Heteromita  and 
Anisonema,  from  which,  however,  it  is  distinguished  by  its  contractile,  ob- 
liquely striated  integ-ument. 

Heteronema  marina  (xxvi.  11). —  naiTower  in  front,  obliquely  and  closely 
Body  oblong,  iiTegularly  dilated  behind,    striated.  Length  1-434".    In  sea-water. 

Genus  POLYSELMIS  (Duj.)  (XXVI.  7).— Animal  oblong,  of  variable  form, 
swimming  by  means  of  several  flageUiform  filaments  which  arise  from  its 
anterior  extremity.  The  single  Infusorium  I  have  foxmd  possessing  these 
characters  resembled  an  oblong  Euglena  rounded  at  each  end,  with  an  anterior 
longer  moveable  filament,  surrounded  by  three  or  four  very  fine  shorter  ones. 


PoLTSELMis  viridis  (xxvi.  7). — Elon- 
gated, roimded  at  each  end ;  more  or  less 
dilated  and  folded  in  the  middle ;  green, 


with  a  red  eye-speck.  1-650".  Found  in 
a  glass  of  marsh- water  containing  Lemna, 
which  had  been  kept  several  months. 


Genus  EUTEEPTIA  (Party)  (XVIII.  53-55).— Like  OJilorogonium,  Zygo- 
selmis,  and  Dinema,  has  two  filaments.  It  has  besides  the  form  of  an  Astasia, 
but  its  figure  is  constantly  varying  as  it  swims,  and  it  has  a  red  stigma. 

This  and  the  following  genus  constructed  by  Perty  are  veiy  imperfectly 
characterized,  and  in  our  opinion  have  slight  claim  to  generic  independence 


EuTBEPTiA  viridis  (xvra.  53-55 ;  xix. 
18-19). — Green,  with  hyaline  coi-puscles, 
but  sometimes  quite  colom-less.  A  va- 
riety thick  and  rounded  posterior,  with 
the  outline  oi  Amblyophis,  only  presented 


a  crawling  movement,  and  not  the  power 
of  swimming.  Length,  when  extended, 
1-240".  Among  Lemnse.  A  variety,  E. 
unijilis,  has  only  a  single  flabellum  and  a 
faintly  marked  stigma. 


Genus  DINEMA  (Perty)  (XIX.  17).— Filaments  two ;  one  projected  in 
advance,  the  other  trailed  behind.  Body  small,  saccular,  very  contractile,  and 
destitute  of  chlorophyll. 


DiNEMA  griseolnm  (xix.  17).  —  Body 
filled  with  grey  molecules.  Movements 
sluggish,  and  particularly  so  the  rotation 
on  its  long  axis.  Filaments  about  equal  in 


dunensions.  1-250".  Bern.  In  ponds,  &c. 

D.  pusillum. — Colourless,  with  few  in- 
ternal granules.  Very  conti-actile,  and 
changeable  in  figure. 


FAMILY  DINOBEYINA. 

(XXn.  42,  48,  49.) 

The  animalcules  of  this  famUy  are  distinctly,  or-  to  all  appearance,  poly- 
gastric,  and  furnished  with  only  one  aperture  to  the  body;  hence,  like 
polypes  they  can  have  no  true  alimentary  canal.  They  are  possessed  of  an 
external  case  or  sheath,  and  have  the  power  at  wiU  of  changing  their  form, 
but  are  without  appendages,  except  one  species  of  Dinohryon,  wluch  has  a 
simple  filiform  proboscis  and  a  delicate  red  spot  at  the  antenor  portion  of  the 
body  The  nutritive  apparatus  is  obsciu'e  and  undefined.  The  lonca  is  of  the 
form  of  a  little  pitcher  (urceolus),  to  the  bottom  of  wHch  the  very  contractile 
Euglena-like  creature  is  attached.    Two  genera  only  are  known. 

Genus  EPIPYXIS  (XXII.  42).— The  characteiistics  of  this  genus  are 
mostly  of  the  negative  kind ;  it  wants,  the  eye,  and  is  attached.  The  most 
evident  animal  character  possessed  by  the  species  is  the  funnel-shaped  onhce 
at  its  anterior  extremity.  The  soft  or  pulpy  body  is  lodged  withm  a  dehcate 
membranous  (not  siHcious)  lorica,  usually  affixed  by  a  pedicle  or  foot. 

Stein  presumes  Epipyxis  to  be  merely  a  younger  condition  of  Dmobryon, 
with  which  it  occurs  frequently  in  company.  Besides  tliis,  the  peculiar  ceU- 
like  nucleus  occurs  alike  in  EpiTpy.vis  and  m  Dm.  Sertnlarm. 
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Epipyxis  Utriculus  (xxii.  42).— Small, 
conical,  and  pitcher-like,  filled  with  j'el- 
lowish  gronides ;  attached  by  a  pedicle. 


The  figure  represents  a  group  of  several 
attached  to  a  portion  of  Conferva. 
1-640". 


Genus  DINOBRYON  (XXII.  48-49).— Distinguished  from  the  preceding 
genus  by  possessing  an  eye-speck  and  freedom  of  motion.  The  lorica  also  is 
laxger  and  looser  around  the  body  of  the  creature.  Eeproduction  takes  place 
by  gemmte,  which  do  not  separate  fr'om  the  parent ;  hence  a  shrubby,  forked, 
and  polype-like  cluster  is  produced. 

DmoBBYON  Sertularia  (xxn.  48,  49). 
— Lorica  (sheath)  large,  slightly  excised 
and  dilated  at  the  mouth,  but  consti'icted 
above  the  base  or  the  attached  extremity. 
This  animalcule  is  readily  overlooked,  by 
reason  of  its  crystalline  lorica,  and  often 


nearly  colom-less  body ;  by  a  patient  in- 
vestigation, however,  the  little  colony 
may  be  perceived  rolling  along,  and  ad- 
vancing in  the  field  of  view.  Within 
each  lorica  a  pale-yellow  animalcule  may 
be  noticed,  in  form  somewhat  resembling 
the  young  of  Clilorogonium  or  of  Euglena 
viridis.  The  creature  is  able  to  contract 
itself  into  a  rounded  mass  at  the  bottom 
of  its  case,  or  it  extends  itself  to  the 
mouth  of  the  lorica,  but  not  beyond  it. 
A  red  speck  occurs  at  the  anterior  part 
of  the  body,  from  which  a  single  thread- 
like filament  is  protruded  beyond  the 
sheath.  The  vibrating  filaments  of  the 
several  members  of  the  colony  propel  it 
through  the  water  like  so  many  paddles. 
In  bog-water.    Length  of  animalcule 


1-570",  cluster  1-120".  Stein  in  the 
course  of  his  researches  met  with  a  spe- 
cimen of  Dinohryon  Sertularia  which  he 
likens  to  a  Eugleniform  being,  living  m 
a  crystalline  goblet-like  sheath,  much 
like  that  of  Vaginicola  crystallina  or  of 
Cuthurnia  imherhis.  The  sheaths  grouped 
on  a  stem  axe  only  mechanically  united 
together,  and  are  imder  no  circumstances 
developedbyprogressive  gemmation  from 
the  hindmost  one,  asEhrenberg  supposed. 
Each  being  has  a  clear,  homogeneous, 
discoid  nucleus  near  its  base,  containing  a 
central  nucleolus. 

D.  (?)  sociale. — Small,  enveloped  in  a 
sheU  of  a  simply  conical  shape,  truncated 
at  the  mouth.  Developed  in  the  form  of 
a  shrub-like  polypary.  In  fresh  water. 
1-860",  cluster  1-280". 

D.  gracile.  —  Less  branching  (fruti- 
cose),  lorica  slightly  constricted  at  the 
middle,  aperture  truncated.  Animalcide 
1-2080". 


OF  THE  GROUP  PROTOZOA  (p.  199). 

In  the  arrangement  pursued  in  the  first  part  of  this  work  the  Protozoa  follow 
the  Phytozoa,  and  are  primarily  divided  into  two  chief  subsections,  viz. — 
Ehizopoda  and  Ciliata.  These  we  shall  treat  as  two  groups  of  Infusoria, 
divisible  into  a  few  subgroups,  and,  commencing  with  the  Rliizopoda,  shall 
treat  systematically,  first  those  beings  properly  called  so,  and  afterwards,  as 
subgroups,  the  Actinophiyina  and  the  Acinetina.  The  Ciliata  and  their  divi- 
sions will  follow  next. 


GROUP  TL— RHIZOPODA  (p.  201). 

(Plates  XXI.-XXIII.) 

This  term  and  its  synonym  Pseudopoda  are  derived  from  the  leading  charac- 
teristic of  the  class,  viz.  the  variable  processes  or  false  feet  which  serve  as  their 
locomotive  organs.    The  former  appellation  is  more  in  vogue,  but  its  extent 
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of  signification  is  ill-defined.  Some  would  apply  it  to  the  whole  collection  of 
animalcules  composed,  as  far  as  their  organic  material  is  concerned,  of  the 
self-same  simple  homogeneous  sarcode,  whether  this  exist  naked,  as  in  the 
AmcebEEa,  or  whether  enclosed  within  a  simple  single-chambered  shell,  as  in 
the  Monothalamia,  or  in  a  many-chambered  or  compound  one,  as  in  the  Poly- 
thalamia  or  Foraminifera.  Siebold  extends  to  the  Rhizopoda,  as  a  class,  this 
wide  signification.  Others,  and  among  them  Ehrenberg,  would  so  far  limit 
it  as  to  assign  to  it  only  the  naked  Amoebaea  and  the  monolocular  Arcellina. 
Indeed,  the  last-named  author  holds  the  opinion  of  an  actual  difi'erence  in 
organic  nature  between  his  presumed  Polygastric  Pseudopoda  and  the  Fora- 
minifera or  Polysomatia.  Dujardin  adopted  the  peculiar  com-se  of  rejecting 
the  Amoebaea  from  the  Ehizopoda,  which  in  his  system  included  both  mono- 
locular and  multilocular  forms.  In  our  general  history  of  the  Rhizopoda 
(p.  201),  we  have  used  the  term  in  its  widest  signification,  to  include  naked 
monolocular  and  multilocular  beings ;  but,  in  order  to  keep  this  systematic 
portion  of  our  work  within  moderate  bounds,  we  shall  here  give  only  the 
descriptive  account  of  the  Amoebaea  and  ArceUina.  Were  another  reason 
required  than  that  assigned  for  this  proceeding,  a  strong  one  might  be  found 
in  the  fact  of  the  approaching  completion  of  an  elaborate  work  on  the  Fora- 
minifera by  Professors  Williamson  and  Carpenter,  who  are  so  well  known  for 
their  extensive  acquaintance  with  this  class  of  organisms. 

Families:— I.  Amoebsea  ;  2.  Monothalamia  (Arcellina)  ;  3.  Polytha- 
lamia  (Foraminifera) ;  4,'Actinophryina ;  5.  Acinetina. 

FAMILY  I.— AMGEBiEA  ob  AMCEBINA. 

The  Amcebeea  present  the  simplest  form  of  organic  life,  and  are  typically 
represented  by  a  microscopic  particle  of  '  sarcode,'  or  muco-gelatinous  organic 
matter,  possessing  within  itself  the  power  of  growth,  of  assimilation  of  ex- 
traneous siibstances,  of  movement  by  means  of  irregular  and  ever-changing 
ofishoots  from  itself—"  variable  processes,"— and  capable  of  multiplication  by 
the  severance  of  poi-tions  of  itself,  and  probably  of  development  by  internal 
germs  or  gemmules.   They  present  no  definite,  constant  figure,  although  it  is 
possible  to  distinguish  different  Amoebaja  by  the  more  frequent  outline  they 
exhibit,  or  by  the  length  or  figure  of  their  pseudopodes.    The  general  opinion 
is  that  the  sarcode  of  which  they  consist  is  naked  and  homogeneous ;  but 
Auerbach  (see  ante,  p.  205)  has  advanced  the  statement  that  they  are  all  en- 
closed within  an  integument.    A  movement  of  granules  is  perceptible,  espe- 
cially along  the  margins  of  the  variable  processes.  A  nucleus  with  a  nucleolus  is 
believed  to  be  generally  present ;  vacuoles  are  almost  always  distinguishable  ; 
and  one,  two,  or  even  more  contractile  vesicles  have  been  seen  in  some  speci- 
mens.   There  seems  evidence  of  the  process  of  encysting  taking  place  under 
certain  conditions.  Amcebiform  beings  are  not  necessai-ily  of  an  animal  nature  ; 
for  some  have  latterly  been  proved  to  occur  in  the  cycle  of  development  of  some 
of  the  simplest  plants.    Ehrenberg  described  Amosbaea  as  polygastnc  ani- 
malcules, having  a  mouth  but  no  alimentary  canal,  and  moving  by  variable 
processes,  produced  from  any  part  of  the  body  indifferently.    He  observed 
vacuoles  (digestive  sacs)  in  aU,  and  self-division  in  Anweha  diffiuens.  The 
Amoebsea  are  organically  related  to  the  Ai-ceUina  and  Foraminifera,  from 
both  of  which  groups  they  differ  by  being  naked,  or  unenclosed  in  a  shell 

(see  p.  234).  .  . 

Only  one  genus  is  distinguishable,  viz. 

Genus  AMOEBA,  which  is  therefore  represenfed  by  the  description  of  the 
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family.  The  following  species,  however 
to  define  specific  form  in  such  variable 

Amceba  Princeps  (xxi.  4).  —  Colour 
pale  yellow,  processes  numerous,  of  a 
cylindi'ical  outline,  with  thick,  roimded 
extremities.  Its  figure  when  in  a  passive 
or  non-reptant  condition  is  globidar ;  but 
this  character  is  of  no  specific  value,  the 
natiu-al  tendency  of  any  similar  semi- 
fluid, mucous  particle  being,  by  the 
force  of  cohesion,  to  assume  such  a  form. 
Amongst  Naviculce  and  Algae  in  fresh 
water.    1-140"  to  1-70". 

A.  verrucosa. — Smaller  than  the  last; 
colomiess ;  processes  globulai",  ovoid,  of 
a  wart-like  appeai-ance.  Motion  sluggish, 
like,  indeed,  all  Amwbes.  Never  exceeds 
1-240".    Amongst  aquatic  plants. 

A.  diffluens. — Colourless ;  expands  into 
a  filmy  form  and  throws  out  processes 
which  are  longer  than  those  of  A.  verru- 
cosa, and  rather  pointed  at  the  ends. 
This  species  is  a  very  interesting  object 
under  the  microscope :  at  times  it  re- 
sembles a  tm-bid  lump  of  jelly-looking 
matter,  at  others  a  transparent  gelati- 
nous film,  with  numerous  outstretched 
processes  slowly  protruded  at  one  part 
and  withdrawn  into  the  general  mass  at 
another,  but  so  acted  on  as  to  serve  to 

firoduce  a  very  slow  onward  movement, 
ts  movements  may  be  compared  in  ap- 
pearance to  those  which  may  be  imagined 
as  exhibited  by  a  many-footed  animal 
tied  up  in  a  sack.  Usual  size  1-300". 
Coromon  amongst  Lenm£e. 

A.  radiosa  (xxii.  1-3). — Colourless; 
smaller  than  A.  diffluens ;  processes  nu- 
merous, long,  slender,  pointed,  disposed  in 
a  radiating  manner.  When  contracted,  it 
resembles  A.  diffluens  in  its  globose  figure. 
Colouring  matter  is  readily  taken  into 
its  substance.    In  bog-water.  1-240". 

A.  longipes.  — Very  small ;  processes 
very  long,  one  of  them  often  fom'  times 
the  length  of  the  body ;  acute  and  hya- 
liae,  without  expansions.  1-2500",  Cux- 
haven,  in  the  sea. 

A.  i2(Ese/«V  (Duj.). — Diaphanous;  pro- 
cesses numerous,  some  very  obtuse,  others 
digitate,  and  others  also  pointed  or 
jagged.  1-130".  Large  vacuoles  occur 
about  the  middle  of  the  body,  looking 
like  large  globides. 

A.  marina  (D.).— Filled  with  gi-anules 
at  the  centre  ;  differs  from  A.  diffluens 
only  in  its  dimensions  and  habitat,  i.  e. 
the  sea.  1-260". 

A.  Gleichenii  (D.). — Varies  from  a  glo- 
bular to  a  very  long-oval  figure ;  dividing 
into  two  or  three  lobes  on  one  side; 


are  distinguished,  although  it  is  hard 
creatures. 

vacuoles,  and  some  nearly  opaque  gra- 
nular bodies,  at  the  centre.  1-400"  to 
1-300". 

A.  multiloha  (D.).— This  may  be  but  a 
variety  of  A.  Gleichenii,  but  deserves 
pointing  out,  as  much  fi-om  the  circum- 
stance of  its  habitat  as  from  its  fonn. 
1-1300".  It  seems  softer  than  other 
species,  and  moves  actively,  emitting 
from  its  border  in  various  directions  ten 
or  twelve  roimded  lobes,  which  give  it  a 
most  irregular  figm-e.  It  was  found  in 
an  infusion  of  meal  which  had  been  kept 
nearly  two  months. 

A.  Limax  (D.)  (xxn.  4-5). — Diapha- 
nous, rounded  on  each  side,  more  or  less 
globose,  and  but  slightly  lobed;  glides 
along  in  a  neai-ly  straight  line  ;  contains 
very  distinct  granules,  and  a  very  clearly 
marked  vacuole.  Found  in  Seine  water 
kept  for  eight  months.  It  may  be  but  a 
more  advanced  degree  of  development 
of  the  preceding,  or  of  the  following 
species;  its  greater  transparency,  how- 
ever, and  its  semi-fiuid  consistence,  seem 
sufficiently  distinctive.  1-260"  to  1-800'/. 
Auerbach  suggests  that  this  species  is 
only  a  young  form  of  A.  Princeps. 

A.  Guttida  (xxii.  6).  —  Diaphanous, 
orbicular  or  ovoid ;  glides  in  a  straight 
course,  and  contains  very  distinct  gra- 
nules. This  is  one  of  the  most  common 
species,  but  may  easily  escape  notice  on 
account  of  its  great  transparency,  the 
simplicity  of  its  form,  and  the  slowness 
of  its  movements.  In  river-  or  marsh- 
water,  kept  for  some  time,  containing 
plants.    1-520"  to  1-890". 

A.  lacerata  (D.). — Symmetiical,  ru- 
gose, plaited,  and  granular,  rather  dia- 
phanous, with  broad  expansions,  looking 
membranous  at  the  base,  teiminated  by 
several  tapering  torn  points ;  one  or  more 
evident  vacuoles.  1-2800"  to  1-890".  In 
pond- water. 

A.  brachiata  (D.).  —  Globular ;  semi- 
transparent,  porous  and  tubercidar,  with 
foiu'  to  six  very  thin  long  and  cylin- 
drical _  expansions,  straight  or  flexuose, 
sometimes  bifid  or  branching.  In  animal 
infusions.  1-190". 

A.  crassa  (D.). — More  or  less  rounded, 
thick ;  contains  numerous  granules ;  ex- 
pansions rounded,  numerous,  not  very 
prominent.  1-880"  to  1-520".  In  tlie 
water  of  the  Mediterranean. 

A.  ramosa  (D.). — Globular  or  ovoid; 
granules  very  numerous ;  expansions  nu- 
merous, of  neai-ly  equal  size,  rounded  at 
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the  extremities,  of  the  same  length  as 
the  body,  and  mostly  branched.^ 

Other  vai'ieties  of  these  peculiar  beings 
are  referred  to,  but  not  specially  described, 
by  Dujardin;  for  one,  however,  he  pro- 
poses the  name  of  Amceba  injlata. 

A.  qmclrilineata  (Carter).  —  1-350". 
Mr.  Carter  has  given  this  name  to  a 
supposed  new  species  (A.  N.  II.,  1856, 
xviii.  pp.  243,  248),  of  which  he  gives  a 
diagi-am,  but  no  specific  description. 

A.  late)-itia  (Fresenius). — Rounded  or 
oval,  or  drawn  out  at  one  end  and  rounded 
at  the  other.  Processes  thin,  finely 
pointed;  points  very  numerous;  coloiu- 
of  a  brick-red,  becoming  browner  after 
death.  In  water  at  Walldorf  with  Spi- 
rotcenia.    1-20  to  1-10  millim. 

A.  actinophora  (Auerbach)  (xxn.  12- 
18). — ^When  without  processes,  its  form 
is  more  or  less  globular ;  and  even  when 
pseudopodes  are  protruded,  the  figure  is 
usually  not  much  altered,  those  pro- 
cesses being  thin  and  spicular  with 
pointed  ends  (fig.  13),  though  they  do 
not  exceed  in  leng-th  more  than  \\  the 
diameter  of  the  body.  This  species  is 
remarkable  for  the  number  of  crystalline 
particles  foimd  in  its  interior,  and  for 
the  processes  never  being  entered  by  the 
granules  of  the  interior  of  the  body. 
Auerbach  believes  that  the  Actino- 
phrys  viriclts  of  Ehrenberg  is  probably 
no  other  than  a  large  specimen  of  this 
Amoeba.  It  is  closely  allied  to  A.  biUni- 
bosa,  but  is  smaller,  its  surface  smooth, 
its  processes  radiating  and  simple,  not 
forked,  its  envelope  thinner  :  it  contains 
the  peculiar  crystals,  and  has  no  starch- 
globules  as  seen  in  the  latter.  1-110"'  to 
1-70"'.   In  water  at  Breslau. 


A.  bilimbosa  (Auerbach)  (xxii.  7-11, 
20-23). — Figure  more  or  less  globular 
when  processes  absent  or  few ;  pseudo- 
podes vary,  being  either  wide  and  laminar 
vdth  a  spinous  or  dentate  terminal  mar- 
gin, or  elongated  and  tubular.  1-50"'  to 
1-35'". 

A.  jjorrecta  (Schidtze)  (xxi.  3).— Hy- 
aline ;  processes  numerous  from  all  sides 
of  the  iiTegidarly-shaped  mass,  from 
eight  to  ten  times  longer  than  the  latter, 
divergent  like  so  many  fibres,  with  in- 
tercomnnmicating  branches.  Fissure 
very  changeable  and  rapidly  so ;  remark- 
ably locomotive.  The  tine  granules  seen 
to  circidate  through  the  processes.  In 
fresh  and  salt  water. 

A.  c/lobulans  (Schultze)  (xxi.  2).— 
Granular,  delicate,  yeUowish-brown, 
central  portion  surroimded  by  a  hyaline 
cortical  lamina,  from  which  the  short, 
stumpy  processes  are  very  slowly  pro- 
truded and  withdrawn.  Most  of  the 
processes  are  also  remarkable  from  their 
rounded  ti-imcate  ends  being  terminated 
by  a  reti-actile  spine.  Ancona. 

A.  polypodia  (Schultze).  —  Processes 
numerous,  long,  slender,  with  rounded 
or  truncate  extremities,  and  hyaline ; 
movements  tolerably  active.  Lagoon- 
water,  Venice. 

A.  Schultzii  (XXI.  1).— A  species  indi- 
cated but  not  named  by  Schultze;  to 
distinguish  it,  we  have  applied  to  it 
that  eminent  natm-alist's  name.  Centi-al 
portion  granidar  ;  sun-ounding  _  lamina 
hyaline;  no  granules  enter  the  interior. 
Processes  short,  tubercular,  with  roimded 
extremities.  Possibly  the  same  as  A. 
verrucosa  (Ehr.).  In  long-kept  water 
from  Ancona. 


Supplementary  Genera,  or  Subfamily  of  AMGEBINA. 

Genus  COEYCIA  (Duj.).— An  Amoebiform  being,  covered  by  a  very  expan- 
sible, elastic,  flexible  membrane  or  sac,  which  becomes  folded  in  different 
directions  by  the  movements  and  contractions  or  expansions  of  the  animalcule, 

 the  whole  organism  sometimes,  after  it  has  several  times  turned  on  itseU, 

looking  like  a  folded  piece  of  linen.  The  membrane  remains  distinct  after  the 
animalcule  is  torn  by  needles,  and  the  sarcode  particles  evacuated.  The  latter 
contract  themselves  into  Kttle  baUs,  and,  by  the  property  of  vacuolation, become 
hollowed  by  little  cavities  in  larger  or  smaller  numbers.  The  contents  con- 
sist besides  saixode,  of  granules,  vacuoles,  and  foreign  particles ;  the  hi-st- 
named  move  in  currents  from  one  part  to  another.  The  expansions  are  not 
unshed  foi-ward,  nor  do  they  gUde  along  the  sui-face  of  reptation  hke  those  ot 
ArceUina  or  of  naked  AmcehcB ;  they  proceed  from  various  pomts  of  the  general 
mass  or  body,  and  seem  to  sei-vc  rather  to  change  the  centre  of  graA^ty  than 
to  furnish  a  point  d'appui.    8-100"'  to  20-100"'. 

The  name  is  suggested  by  the  membranous  envelope,  which  preserves  tue 


OF  THT3  ARCELLINA. 


551 


animalcules  from  beiug  dried  up  during  the  altcrnationa  of  diyness  AVith 
moisture  they  are  exposed  to  by  their  habitat  in  mosses.  They  are  procured 
by  lightly  p/essing  the  Jungermanniie,  moistened  by  the  rams  of  November 
or  December,  or  after  they  have  been  preserved  a  Uttlc  time  m  vs^ater. 

This,  as  Duiardin  remarks,  is  evidently  a  new  genus,  intermediate  be- 
tween the  naked  and  the  loricated  llhizopoda,  and  standing  in  a  certain 
relation  with  the  Noctilucce.    {A.  S.  N.,  1852,  vol.  xvm.  p.  240.) 

No  species  named. 

Genus  PAMPHAGUS  (Bailey).— An  Amoebiform  being,  covered  by  a  deli- 
cate elastic  integument,  which,  although  it  presents  astonishing  changes  of 
form,  and  offers  a  certain  amoimt  of  resistance  to  internal  and  external  pres- 
sure, yet  admits  of  the  animalcule  transfixing  itself  upon  any  denser  thin 
portion  of  matter  without  any  apparent  damage  (p.  220). 

They  connect,  says  theii-  discoverer,  "  the  genus  Amceha  with  Difflugia, 
agreeing  with  the  first  in  the  soft  body  without  shell,  but  differing  in  having 
true  feelers  or  rhizopods  confined  to  the  anterior  part  of  the  body,"  or  to  the 
region  of  the  mouth,  as  in  Difflugia.  A  specimen  of  Pamphagiis,  we  may 
remark,  is  equivalent  to  a  Difflugia  without  a  true  shell  and  with  no  ex- 
traneous matters  to  thicken  and  strengthen  its  covering.  Dr.  Bailey  met 
with  these  animalcules  in  a  vivarium,  into  which  "  bits  of  boiled  beans  and 
potatoes  had  occasionally  been  introduced  as  food  for  other  animalcules," 
and  numerous  starch  granules  were  found  in  their  interior.  He  also  repre- 
sents it  as  having  a  mouth,  and,  being  an  adherent  of  Ehrenberg,  as  polygas- 
tric ;  but  the  mouth  so  described  was  the  orifice  of  the  sac  thi-ough  which 
the  pseudopodes  were  protruded,  and  therefore  the  homologiie  of  the  foramen 
of  monothalamous  shells. 

This  genus  is  evidently  very  closely  allied  to  Corycia  (Duj.).  The  only 
difference  of  moment  is  that  in  the  latter  the  expansions  of  the  sac  proceed 
from  any  part  of  the  suiface,  whilst  in  Pamphagus  its  discoverer  describes 
them  as  given  off  only  from  one  spot  at  the  anterior  end. 


FAMILY  II.— ARCELLINA  (Ehr.)  (Pt.  I.  p.  201  et  seq.) 
(XXI.  6-17.) 

A'tnoehce  invested  with  a  single-chambered  cell  or  lorica,  having  also  but 
one  opening,  mouth,  or  foramen.  The  animal  substance  or  sarcode  contained 
within  the  shell  is  indistinguishable  from  that  of  the  naked  Amcebce,  and  is 
not  more  organized.  The  form  of  the  pseudopodes  given  off  from  around  the 
mouth  of  the  shell  are  to  some  extent  employed  in  defining  species ;  but  the 
size  and  conformation  of  the  shell  and  of  its  opening  are  of  much  more  im- 
portance systematically. 

Ehrenberg  instituted  this  family  for  all  one-chambered  Rhizopodous  shells 
which,  in  his  belief,  were  of  a  silicious  composition,  and  rejected  from  it 
some  similar  shells  which  were  of  a  calcareous  character.  Tliis  distinction, 
however,  is  based  on  erroneous  notions  (p.  219)  ;  and  naturalists  now  concur 
in  bringing  together  all  unilocular  Rhizopoda  into  one  group,  under  the  name 
of  Monothalamia. 

The  ArccUina  were  represented  by  Ehrenberg  as  polygastric  animals, 
with_  an  alimentary  canal,  and  enclosed  by  a  lorica,  through  the  single 
opening  of  which  they  extended  their  variable  processes.  He  also  described 
digestive  sacs,  but  was  unable  to  discover  either  their  mode  of  reproduction 
or  their  multiplication  by  fission  or  gemmce. 

Only  four  genera  of  ArceUina  were  enumerated  by  Ehrenberg ;  their  cha- 
racters and  mutual  relations  are  shown  in  the  following  tabular  view : — 
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Changeable  processes 
radiant,  generally 
numerous   


Lorica  spherical  or  tun-Uke    Difflugia. 

Lorica  a  flat  spiral    Spirillina. 

Lorica  discoid  or  shield-sliaped    Arcella. 


Cliangeable  processes  broad  and  unbranehed   Cypliidium. 


The  genus  Spirillina  is  a  very  exceptional  form ;  it  has  a  spirally- coiled 
shell,  apparently  porous  throughout,  hke  one  of  the  Foraminifera,  and  like 
them,  too,  a  maiine  habitat.  Its  only  affinity  with  the  Ai'ccllina,  according 
to  Ehrenberg's  account,  is  the  silicious  natm-e  of  the  shell;  but  even  were 
this  established,  it  would  not  exclude  it  from  the  Foraminifera,  among  which 
silicious  testee  are  known.  Of  Cypliidium  Kttle  infoi-mation  exists ;  and 
Ehrenberg's  account  is  by  no  means  satisfactory.  The  same  may  be  said  of 
the  figTires  he  gives  of  it. 

Dujardin  divides  the  "  Ehizopodes,"  excluding  the  Amoebaea,  into  two  sec- 
tions, according  to  the  form  of  the  variable  expansions.  The  &st  section  cor- 
responds to  the  family  ArceUina  of  Ehrenberg,  and  comprehends  those  species 
provided  with  short  thick  expansions,  rounded  at  the  extremity.  Such  are 
the  Dijjiugice,  possessing  a  flexible  membranous  lorica,  without  visible  tex- 
ture, mostly  of  globular  form,  from  the  aperture  of  which  the  expansions 
radiate :  such,  too,  are  the  Arcellce,  having  a  discoid  lorica,  flattened  on  the 
side  along  which  they  move  (the  plane  of  reptation),  where  is  a  central 
round  opening,  from  which  the  expansions  proceed,  the  latter  lying  thus  be- 
tween the  shell  and  the  surface  along  which  it  glides  ;  the  lonca,  moreover, 
is  brittle,  and  often  reticulated,  or  areolated.  The  second  section,  much 
larger,  comprises  beings  of  every  variety  of  form,  and  having  very  numerous 
fUiform  expansions,  ending  by  very  flne  extremities.  Of  these  varieties  he 
makes  three  tribes ;  the  fii'st  distinguished  from  the  Difflugia;  only  by  the 
slender  character  of  the  expansions,  except  that  in  one  genus,  Trinema,  the 
opening  is  lateral ;  the  second,  represented  by  the  genus  Euglypha,  having  a 
lorica  beset  with  tubercles,  or  areolte,  disposed  spirally ;  and  the  thii-d  by  the 
genus  Crromia,  having  a  spherical  membranous  shell,  and  very  long  and 
branching  expansions. 

The  remainder  of  the  "Ehizopodes,"  as  described  by  Dujardin,  are  com- 
prehended in  the  Polythalamia  by  other  authors.  Of  these  he  constitutes  two 
tribes, — one  represented  by  the  single  genus  Miliola,  which,  lilie  Q-romia  and 
the  examples  of  the  first  tribe,  has  but  a  single  large  opening  in  its 
lorica  for  the  escape  of  the  expansions ;  the  other  by  several  genera,  all 
of  which  give  off  numerous  filifbrm  expansions  from  many  distinct  pores 
(foramina)  of  theii-  shells,  and  hence  called  Foraminifera. 

Siebold  included  the  first  and  second  divisions  of  Dujardin's  class  Rhizo- 
poda  in  his  group  of  ArceUina. 

M.  Schultze  framed  the  division  of  the  Monathalamia  fi-om  the  structm-e 
of  the  shells ;  but  he  admitted  amongst  them  the  genus  Orbulina,  which 
possesses  the  veiy  exceptional  character  of  having  numerous  pores  to  its 
shell,  instead  of  a  single  opening.  The  three  families  instituted  were: — 
1.  Lagynida;  2.  Orbuhnida;  3.  Cornuspirida  (see  p.  241).  The  fii-st-named 
family  corresponds  most  nearly  to  Ehrenberg's  Ai'cellina,  although  it  con- 
tains several  genera  usually  described  in  liistorics  of  the  Foraminifera,  and 
omitted  by  the  Berlin  natm-alist.  The  following  are  enumerated  :—.^j-ce?Zfl, 
Difflugia,'  Cyphidium,  Trinema,  Euglypha,  Gh-omia,  Lagynis,  Ovulinn  (d'Or- 
bigny),  Fissurina  (Reuss),  Squaviidina,  and  the  doubtful  genera  of  Schlum- 
iQTger—Lecquereusia,  Cyphoderia,  Pseudodifflttc/ia,  and  Sphenoderia.  The 
genera  Lagynis  and  Sqtiamulina  are  two  new  ones  formed  by  Schultze  him- 
self   It  will  make  this  history  more  complete  to  introduce  these  now  genera 
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of  Lagynida,  as  well  as  the  interesting  Cornuspira  described  by  Scbultze.  Of 
Fissunna  we  have  no  details. 

Dr.  Bailey,  of  New  York,  adds  another  new  genus  to  the  Monothalamia, 
under  the  name  of  Caclium, 

Genus  DIFFLTJGIA.— Shell  of  one  chamber  (unilocular)  with  a  single 
apei'tui-e,  usually  of  a  more  or  less  spherical  or  ovoid  shape,  but  sometimes 
more  elongated  and  clavate,  or  pitcher-shaped;  thin,  opaque,  of  a  dark 
olive  or  brown  colour,  in  general,  when  occupied  by  the  hving  organism,  but 
when  empty,  hyahne  and  colourless.  The  surface  of  the  shell  is  either  smooth 
or  sculptui-ed,  and  occasionally  anned  with  spine-like  processes.  In  a  few 
species,  D.  proteiformis,  D.  acuminata,  and  D.  gigantea,  the  envelope  does 
not  acquii'e  even  the  usual  homy  consistence,  but  is  soft,  and  becomes 
strengthened  by  the  adhesion  of  foreign  particles  of  silex  and  other  matters, 
which  give  it  a  rough,  irregular  appearance.  The  aperture  or  foramen 
varies  in  figui-e  and  size,  and  famishes  valuable  specific  distinctions.  The 
pseudopodes  are  characterized  as  being  cyliudrical,  not  much  elongated,  and 
obtuse  or  rounded  at  the  extremities. 


DrFPLUGiA  proteiforrnis. — Ovate,  sub- 
globose,  covered  by  a  coating  of  minute 
grains  of  sand,  and  either  of  a  deep  olive, 
black,  or  greenish  colour.  Processes 
hyaline,  from  1  to  10.  1-240".  Among 
Oscillatorise. 

D.  oblonga. — Oblong,  ovate,  or  orbi- 
cular, smooth,  and  of  a  brownish  colour ; 
processes  fewer  and  stouter  than  those 
of  the  preceding  species.  Among  Oscil- 
latorise, &c.  1-200".  Sm-face  irregu- 
larly reticulated. 

D.  acuminata.  —  Oblong  and  rough, 
with  minute  grains  of  sand ;  posteriorly 
pointed ;  processes  hyaline.  1-70". 

D.  Enchelys  (xxi.  19  a,f). — Oval ;  co- 
lourless ;  translucent  and  smooth,  round- 
ed dorsaUy;  processes  transparent, 
slender  and  smaU ;  apertm-e  lateral.  This 
is  the  smallest  species  of  the  genus. 
1-30"'  1-15"'.  In  stagnant  water.  Du- 
jardin  refers  it  to  his  genus  Trinetna. 

D.  Ampulla. — Oblong,  club-shaped,  ele- 
gantly marked  by  an  oblique  series  of 
dots  (pimcta)  ;  hyaline :  foramen  ovate. 
1-680".    At  Salzbm-g. 

D.  spiralis  (Bailey). — Sub-globose,  mi- 
nutely granidated:  upper  surface  un- 
equal, with  a  spu-al  line  of  two  or  three 
timis.  Variable  processes  numerous, 
constantly  changing  position,  hyaline. 
1-680".  BerHn  and  United  States. 
Fresenius  remarks  that  some  large  spe- 
cimens are  met  with  coated  witlT  coarse 
particles,  like  D.  protcifonnis,  instead 
of  the  usual  finely  reticulate  lines.  It 
attains,  he  says,  in  size  to  1-7"'. 

D.  acanthophora    (xii.  64).  Ovate 

oblong,  loosely  areoln,ted ;  foramen  dcn- 
tated ;  amied  posteriorly  with  three  or 
fom-  spines  (aculei). 


D.  areolata. — Lorica  and  foramen  as 
in  the  preceding,  but  the  spines  defi- 
cient. 

D.  denticulata. — Ovate,  oblong,  smooth ; 
foramen  with  twelve  dentations. 

D.  Lagena. — Clavate,  or  of  the  form  of 
a  bottle ;  smooth,  without  reticulations ; 
margin  of  opening  enthe. 

D.  l(Bvigata. — Ovate,  oblong,  smooth ; 
foramen  with  eight  dentations;  ap- 
proaches D.  denticulata. 

1).  striolata. — Ovate,  oblong,  delicately 
striated  longitudinally ;  foramen  with  a 
dentated  border. 

D.  Uructeri. — Ovate,  surface  rugose  ; 
the  end  presenting  the  apertm-e  rather 
attenuate  but  ti-uncate ;  margin  of  aper- 
ture entire.    1-1050".    On  moss. 

D.  cancellata. — Oblong,  obtuse;  sur- 
face beset  with  imperfectly  rounded  cells, 
5  to  6  in  1-2500" ;  aperture  naiTow,  en- 
tire.   1-1040".    On  moss. 

D.  ciliata.  —  Ovate,  surface  areolar ; 
each  posterior  areola  fiu-nished  with  a 
cihum  or  cirrhus;  constricted  towards 
the  foramen,  which  has  10  to  16  denti- 
culations.  1-936".  Common  in  Her- 
cynia. 

D.  semimdum. — Shorter,  ovate,  brown, 
surface  with  narrow  and  small  areolas ; 
aperture  wide,  very  finely  denticulated 
or  entire.  1-2500"  "to  1-1250".  On  moss 
and  stones. 

_  D.  collavis. — Narrowed  like  a  neck  be- 
hind the  aperture;  straight,  attenuate, 
pjTiform  or  sub-clavate ;  surface  m-egu- 
larly  cellidar;  cells  small,  but  of  equal 
size,  except  about  the  neck,  whei-e  they 
are  smaller;  aperture  entire.  1-840". 
About  roots  of  trees. 
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D.  Dryas.  —  Ovate  ;  apertui'e  entire, 
truncate ;  siu-face  marked  with  longitu- 
dinal lines  of  ovate  cells,  which  decrease 
in  size  posteriorly.  1-1170".  On  roots 
of  trees. 

D.  oligodon.  —  Smooth,  oblong,  suh- 
cylindi-ical ;  apei-tiu'e  with  eight  strong 
denticidations.  1-1000".  This  spacies 
and  the  two  following  found  in  Kur- 
distan. 

D.  reticulata. — Ovate,  surface  marked 
by  a  net- work  of  minute  cells ;  aperture 
simple,  lai-ge.  In  its  interior  are  nu- 
merous particles  like  aggregated  buds; 
the  margin  of  the  foramen  is  sometimes 
dentate.  1-880". 

D.  squamata. — Ovate,  with  large  loose 
areolae,  looking  like  scales  (squamre) ; 
aperture  denticulate,  truncate,  contracted. 
1-1460", 

D.  spirigera. — Pyriform,  smooth ;  neck 
distinct,  cylindrical,  truncate;  orifice 
large,  entire;  opposite  end  turgid;  round- 
ed. The  sm-face  presents  four  spiral  lon- 
gitudinal lines.   1-36"'.  Bavarian  Alps. 

The  first  of  the  appended  species  is 
fi-om  Dujardin,  the  others  from  Schlum- 
berger  {Ann.  cles  Sciences  Nat.  1845, 
p.  254)  :— 

D.  globulosa  (xxi.  10).— Brown,  glo- 
bular, or  ovoid,  smooth.  1-260"  to 
1-105".    Near  Paris. 

D.  depressa. — Diaphanous,  ovoid,  de- 
pressed, resistant ;  its  surface  divided  by 


slight  fissures  (lines)  into  numerous 
small  and  irregular  polygonal  sections. 
1-220".  Apertui-e  with  an  uneven  mar- 
gin.   In  springs  in  the  Vosges. 

D.  gigantea. — Greyish  brown,  rough, 
as  if  strewed  with  particles  of  sand, 
ovoid,  elongated,  and  contracted  an- 
teriorly. 1-325"  to  3-325".  It  ap- 
proaches D.  protciformis,  but  difl'ers  in 
its  more  elongated  foini,  in  being  con- 
tracted anteriorly  and  almost  pyriform, 
sometimes  depressed,  and  lastly  in  its 
greater  size  :  margin  of  aperture  imeven. 

D.  tiicwspis  (Carter). — Processes  occu- 
pied by  granules,  greenish  ;  testa  ovoid, 
little  incrusted ;  its  foramen  tricuspid  in 
form,  or  of  trefoil  shape  {A.  N.  H.  1856, 
xviii.  p.  247).  Fresenius  appears  to  have 
met  vrith  this  form,  but  considers  it  only 
a  variety  of  D.  oblonga.  1-320". 

D.  ?  marina  (Bailey).— Shell  silici- 
ous  (?),  ovoid  or  lagenoid,  with  a  con- 
ti-acted  neck  and  circular  apertm-e ;  sur- 
face divided  by  oblique  lines  into  quadri- 
lateral spaces.  21  of  1-1000",  diam.  li  of 
1-1000". 

A  single  specimen  -was  found  in  sound- 
ings taken  fi-om  a  depth  of  2750  fathoms, 
which  had  been  cleaned  vrith  acids. 
This  resistance  to  acids  induced  Dr. 
Bailey  to  consider  the  shell  silicious, 
but  we  now  know  that  chitinous  shells 
are  equally  imafiected.  The  discoverer 
doubted  its  being  a  Diffiugia,  on  account 
of  its  marine  habitat. 


Genus  SPIEILLHSTA.— Lorica  tubular,  sUicious(?),  roUed  in  a  spiral 
manner,  like  a  Planorbis.  It  is  allied  to  Difflugia  by  its  silicious  lonca  (for 
acids  have  no  action  on  the  sheU).  This  genus  probably  agrees  with  the 
Spirulina  of  Bory  de  St.  Yincent;  but  the  latter  name  has  been  otherwise  used 
by  Ehrenberg  to  designate  a  genus  of  Polythalamia. 


parent  dots  or  pores  on  its  surface,  like 
those  through  which  the  filiform  pro- 
cesses of  Polythalamia  are  proti-uded; 
and  the  only  reason  implied  ia  Ehren- 
berg's  accoimt  for  reckoning  it  among  the 
Polygasti-ica  is  its  silicious  sheU :  it  is, 
however,  most  probably  chitinous.  It 
will  be  noted  that  Ehrenberg  is  mclmed 
to  believe  it  vi-i-iparous. 


SpmnLrNA  tdvipara  (xi.  37). — SheU 
porous,  convoluted  as  a  chcular,  spu-al, 
horizontal  tube,  hyaline  and  smooth. 
Young  loricse  may  often  be  found  con- 
nected with  it.  In  the  sea— Vera  Cruz, 
Mexico. 

The  fonn  of  this  species  recalls  that 
of  many  undoubted  Polythalamia,  whilst 
it  has  no  fellow  amongst  the  Infusoria. 
Ehrenberg  has  likewise  represented  ap- 

Gcnus  ARCELLA  (XXI.  7-9,  15).— Variable  processes,  numerous  and 
hvaline-  single  processes  cleft  into  many,  and  expanded  in  a  radiating 
manner '•  lorica  flattened,  sHeld-like.  The  lorica  varies  much  in  stnictui-e  in 
the  different  species.  For  instance,  in  A.  vuhjaAs  it  exhibits  regular  and 
fleUcate  facets  ;  in  A.  dentaia  the  facets  are  large  and  crystalline  ;  m  A.  acu- 
Sa  it  is  beset  ivith  spicula;  and  in  A.  hyalina  it  is  homogeneous  and 
clelr.    Vacuoles  are  seeli  fillod  with  coloured  vegetable  subst.mces;  and  m 
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A.  vulgaris  and  other  species  a  conti-actile  vesicle  has  been  perceived.  The 
processes  are  longer,  as  a  rule,  than  those  of  Difflugia,  fibrous,  and  more 
branched.  The  shells  are  very  commonly  compressed,  and  have  a  discoid 
figure ;  and  in  none  are  they  soft  and  beset  with  extraneous  particles,  as  in 
Difflugia,  but  are  chitinous  and  elastic. 

"  The  Arcellce  (says  Dujarchn)  seem  to  differ  among  themselves  by  the 
intimate  structui-e  of  their  lorica,  which  sometimes  appears  membranous, 
at  others  finely  striated,  reticular,  or  with  granules  disposed  in  spiral  lines. 
Some  Arcellce  have  also  spinous  prolongations  from  the  border  of  their  lorica. 
Pressui'e  fractures  their  lorica  like  a  brittle  substance.  The  contained  sub- 
stance escapes  through  the  cracks  so  formed,  in  the  form  of  contractile  expan- 
sions like  those  of  Ainoehce.  I  have  seen  one  larger  lobe  almost  separated, 
as  if  about  to  become  an  independent  being.  M.  Peltier  has  observed  con- 
tact to  take  place  between  the  expansions  of  neighbouring  Arcellce  without 
any  union  being  eff'ected,  while  the  processes  of  the  same  Arcellce  united  and 
became  blended  together. 

"  The  lorica  in  young  Arcellce  is  extremely  diaphanous  ;  and  granulations 
or  striae  are  to  be  seen  only  in  those  of  larger  size  :  hence  it  may  happen,  with 
respect  to  some  species,  that  they  represent  but  different  stages  of  existence 
of  the  same  animal." 


Abcella  vulgciris  (xxi.  7,  8,  9).  — 
Lorica  round  and  bell-shaped,  with  a 
hemispherical  or  turgid  back;  smooth, 
but  with  rows  of  minute  granules ;  colour 
yellow  or  reddish-brown.  Abimdant 
amongst  Lemnfe  and  aquatic  plants. 
1-570"  to  1-240." 

A.  aculeata. — Yellowish,  hemisperical, 
though  often  mis-shapen,  and  spinous 
throughout,  or  only  aroimd  one-half  of 
the  margin ;  the  shell  is  not  readily  de- 
stroyed by  heat,  and  is  covered  with 
short  spicula.  1-210". 

A.  dentata.  —  Membranous ;  of  a  he- 
mispherical or  polygonal  fonn  ;  margin 
dentated;  colom-  yellow  or  green. 
Amongst  Confeiwse.    1-570"  to  1-240". 

A.  (?)  hyalina. — Membranous,  smooth, 
eUiptical  or  globular,  smaller  than  the 
preceding,  thin  and  soft,  colom-less. 
Found  in  debris  at  the  bottom  of  pond- 
water,  along  with  CypMdiiim  aureolum, 
&c.  1-1150  to  1-570".  The  shell  is 
not  quite  symmetrical,  one  side  being 
more  convex  than  the  other.  Apertm-e 
sometimes  iiTegular.  Ehrenberg  was  not 
certain  that  this  species  is  not  a  Difflugia. 
It  is  indeed  very  liije  many  specimens  of 
D.  E)ichelys. 

A.  Americana.  —  Oblong ;  apertiu:e 
small,  round,  not  in  the  median  line. 

A.  comtricta. — Ovate;  slightly  con- 
tracted about  the  foramen,  which  is  vei-y 
large  and  to  one  side. 

A.  di^phcera.  —  Oblong,  almost  di- 
vided into  two  by  a  central  constric- 


tion ;  one-half  nearly  occupied  by  the 
large  foramen.  This  is  a  very  doubtful 
Arcella,  and  contrary  in  form  to  the 
character  of  monothalamous  cells.  A 
comparison  of  Ehrenberg's  account  with 
his  iigm-es  leads  us  to  believe  this  sup- 
posed species  to  be  no  other  than  a  yomig 
Rotalia  of  two  cells  (xx.  41),  or  other 
incomplete  polythalamous  shell. 

A.  ecornis. — Large;  hemispherical,  not 
areolar ;  aperture  roimd,  large,  placed  to 
one  side ;  entire. 

A.  Iwnata. — Subglobose,  large  ;  with 
a  wide  semi-limar  opening,  seated  to  one 
side. 

A.  Nidus-pmduliis.  —  Ovate-oblong, 
hyaline,  loosely  areolated;  apertm-e  in 
front,  oblong,  margin  entire. 

A._  Pi'feMs.— Hemispherical,  depressed, 
reddish,  minutely  and  elegantly  areolar- ; 
aperture  central,  circidar. 

A.  ?  Glohidus.  —  Subglobose ;  \\nt\\ 
loosely  reticidai-  lines,  appearing  granu- 
lar; aperture  large,  simple.  1-730".  On 
moss  at  Berlin,  Potsdam,  &c. 

A.  (/rflWMfa^a.— Oblong,  hyaline.  Has 
the  habitat  and  size  of  A.  hyalina,  with  a 
gi-anidar  instead  of  a  smooth  surface. 
1-940".    On  moss  in  Ilorcvnia,  &c. 

A.  caudicola.—0\a.te,  oblong,  rounded 
at  each  end,  hyaline,  very  delicately 
hispid,  not  areolar;  aperture  anterior, 
round,  large.  1-840".  Habitat  of  A. 
Nidm-^iendidm. 


In  Venezuela,  on  roots 
of  plants,  such  a.s  ferns,  &c. 
A.  Okcnii  (Perty)  (xxi.  15). 

Genus  CYPHIDIUM  (XXII.  24-27).-Has  only  one  chlated  variable 
process,  and  a  lonca  of  the  form  of  a  pitcher,  with  protuberances  issuing 
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fi-om  it.  The  lorica  is  combustible,  and  is  something  like  a  little  die  or 
stamp,  mounted  upon  a  short  stem.  It  is  very  irregularly  formed,  having 
protuberances  wliich  make  it  appear  four-cornered.  The  organ  of  locomo- 
tion is  a  broad  gelatinous  variable  process  with  smooth  edges,  not  unlike 
Amceha  verrucosa.  Vacuoles  have  not  yet  been  observed ;  modes  of  propaga- 
tion unknown. 


tion  they  might  be  seen  to  change  their 
places."  Ehrenberg  only  once  perceived 
the  locomotive  organ  of  the  animalcule, 
situated  imder  one  corner, — upon  which 
it  appeared  to  rest,  and  that  so  firmly  that 
six  out  of  the  eight  protuberances  of  the 
die-like  lorica  were  visible  at  the  same 
time.  In  fig.  26  the  gelatinous  variable 
process  is  seen  projeotrag  fi-om  beneath 
the  lorica.  Fig.  27  is  a  young  specimen. 
1-570"  to  1-430". 


Cyphtdium  aureolum  (xxn.  24-27). — 
Lorica  cubical,  vnth  protuberances ;  pro- 
cess colourless.  "  In  March,  1835,"  says 
Ehrenberg,  "  I  first  observed  hundreds  of 
these  creatures  in  a  glass  of  water  which 
had  stood  throughout  the  winter,  in  com- 
pany with  some  specimens  of  the  Mi- 
crasterias.  Previously  to  discovering 
these,  the  Amoeba  ven-ucosa  had  been 
abundantly  generated,  and  afterwards 
Arcella  hyalina.  The  creatui-es  were  in- 
active, although  by  attentive  observa- 

Genus  TEHSTEMA  (Duj.).— Shell  membranous  but  resistant,  diaphanous, 
ovoid  elongated,  narrower  iu  fi-ont,  with  a  large  oblique  orifice  placed  late- 
rally ;  expansions  filiform,  as  long  as  the  shell,  very  thiu,  and  but  two  or 
thi-ee  in  number  ;  entirely  retracted  when  others  are  to  be  pushed  out  from 
another  side.  The  animal  is  moved  onward  by  their  alternate  protrusion  and 
contraction.    This  genus  is  accepted  by  Fresenius. 

Tbinema  Acinus.  =  Difflugia  Enchelys  (Ehi-.)  (p.  553). 

Genus  ETJGLYPHA  (Duj.).— Shell  diaphanous,  resistant,  membranous, 
elongated,  ovoid,  rounded  at  one  end,  terminated  at  the  other  by  a  very 
large  truncated  orifice,  with  a  dentated  margin  ;  its  surface  mai-ked  by  emi- 
nences or  depressions,  in  regular  obHque  series;  expansions  fiMorm,  nume- 
rous, simple. 


EuGLYPHA  tuherculata. — Lorica  stri- 
ated, with  rounded  tubercles.  Termina- 
tion of  expansions  exti-emely  delicate. 
1-295".    Foimd  in  stagnant  ponds. 


E.  alveolata  (xxi.  11).— Lorica  with 
regular  polygonal  depressions  ra  regular 
oblique  (spiral)  series,  beaiing  spmes  at 
the  upper  or  posterior  end.  1-290". 


Genus  GEOMIA  (XXI.  12, 16)  (Duj.).— Lorica  smooth,  yeUowish-brown, 
membranous,  soft,  globular,  with  a  smaH  round  opening,  fi'om  which  the  very 
long  branching  expansions  proceed,  tapering  to  very  fine  extremities.  ±ound 
in  both  salt  and  fresh  water. 

Gromia  oviformis. — Globular,  smooth, 
aperture  son-o'unded  by  a  short  neck ;  ex- 
pansions very  long,  fibrous,  branching, 
slightly  anastomotic,  colourless  or  pale- 


yeUow,  transparent;  animal  contents 
of  a  yellow  or  reddish-brown  colom-; 
the  processes  hyaline,  penneated  by  a 
current  of  granules.  Shell  1-26"  to 
1-13". 

G.  '  iluviatilis.  —  Globidar,  or  ovoid, 
without  a  neck ;  expansions  pabnate  and 
anastomotic.  1-290"  to  1-104". 

G.  hyalina  (Schlumborger,  A.  N., 
1845  p  254).— Globular  or  rather  ovoid, 
smooth,  soft,  diaphanous,  colouriess ; 
foramen  round,  with  a  very  short  neclc, 
formed  by  a  reflexion  of  the  lorica ;  ex- 
pansions filiform,  numerous,  veiy  hue. 


branching  and  anastomotic.  1-865"  to 
1-520".    In  rivulets. 

"  Notwithstanding  the  absence  of  co- 
loiu-  in  the  sheU,"  says  Schlumberger, 
"I  an-ange  this  species  in  the  genus 
Ch-omia.  In  size  it  also  difters  fi-om  the 
other  two  species.  The  lorica,  being 
transparent,  admits  to  view  some  bluish 
globides,  and  a  large  hyalme  glandular 
ovoid  body,  like  that  iu  the  interior  of 
other  diaphanous  Rhizopodes." 

G.  Z)»/a)-ff;//»(Schultze).— SheU  sphe- 
rical, ovoid  ;  more  constant  m  figure  than 
G.  oviformis,  colomless  or  famt  yellow, 
with  a  short  neck-like  elongation  at  the 
foramen,  or  none ;  animal  contents  dark 
sepia-brown  ;  processes  hyalme,  with  no 
moving  granides.  Diam.  1-2"'.  Ancona. 
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Genus  LECQUEREUSIA  (Schlumberger).— SheU  ovo-globular,  or  retort- 
shaped,  rather  depressed,  membranous,  but  resistant ;  with  a  wide  short 
neck,  and  cLrcular  terminal  aperture,  giving  passage  to  cylindrical  thick  and 
obtuse  expansions. 

This  genus  approaches  Difflugia  (Duj.)  in  the  character  of  its  expansions ; 
but  the  very  different  form  of  the  shell,  and  the  position  of  the  aperture, 
sufficiently  mark  the  distinction  between  the  two.  Its  distinctness  is  re- 
garded with  doubt  by  Schultze. 


aquatic  plants,  in  many  of  the  lakes  of 
the  Jura  chain  about  Neuchatel.  Its 
diaphanous  lorica  allows  its  interior  soft 
hyaline  and  granular  body,  strewn  with 
brown  specks,  to  be  seen. 


Lecqtjebeusia  jurassica. — SheU  re- 
sistant, diaphanous,  gi'ey,  of  a  globidar 
figure,  but  rather  depressed,  with  a  short 
wide  neck.  Length  about  1-250" ;  breadth 
1-315". 

This  beautiful  species  is  met  with  on 

Genus  CYPHODEEIA  (Schlum.).  —  Lorica  membranous,  resistant,  ovoid, 
elongated  anteriorly,  where  it  is  cuiwed  and  constricted  in  the  form  of  a 
neck ;  surface  marked  by  prominent  points  in  oblique  rows ;  aperture  circular, 
oblique ;  expansions  very  long,  filiform,  very  fine  at  the  extremity,  and  simple 
or  branching. 

The  oblique  disposition  of  the  rows  of  points,  the  obliquity  of  the  apertiu'e, 
and  the  character  of  the  expansions,  bring  this  genus  into  affinity  with  Tri- 
nema  (Duj.);  but  the  constriction,  forming  a  neck,  seems  sufficiently  distinc- 
tive between  the  two.  This  genus,  though  admitted  by  Fresenius,  is  treated 
as  doubtful  by  Schultze. 


Cyphodebia  margaritacea.  —  Lorica 
yellow;  the  surface  is  divided  into  mi- 
nute facets,  which  appear  IDce  translucent 
points  or  rows  of  pearls.  Processes  attain 
twice  the  length  of  the  shell,  and  are 
simple  or  bnmched.  Length  1-395"; 
breadth  1-840"  to  1-408".  Common  in  the 


water  of  the  Vosges  with  vegetable  debris. 
The  form  of  the  lorica  varies  ;  at  one  time 
the  neck  may  be  but  rudimentary;  at 
another  the  posterior  end,  instead  of 
being  wide  and  roimded,  is  contracted 
suddenly  to  a  truncated  apex.  Apertm-e 
crenidate. 


Genus  PSEUDO-DIFELUGIA  (ScUum.).  —  SheU  membranous,  ovoid  or 
ovo-globular,  smooth  or  striped  spirally,  with  a  wide  round  opening,  whence 
proceed  numerous  long  slender  expansions,  either  simple  or  branching. 

This  genus  is  allied  to  Diffiugia  by  the  form  and  character  of  its  shell,  but 
differs  from  it  in  the  natiire  of  the  expansions ;  it  is  admitted  as  doubtful  bv 
Schultze. 


filiform,  very  long.  Length  1-740"  to 
1-465";  breadth  1-890" to  1-740".  Found 
near  Mulhouse. 


PsEuno-DrFFLtrGiA  gracilis.  —  Shell 
bluish  brown,  brittle ;  sm-face  as  if  beset 
with  minute  grains  of  sand,  of  a  more  or 
less  elongated  ovoid  figure;  expansions 

Genus  SPHENODEEIA  (Schlum.). -SheU  diaphanous,  colourless,  resistant, 
globular,  with  a  flattened  wedge-shaped  neck;  surface  marked  by  polygonal 
depressions,  disposed  m  regular  oblique  rows;  aperture  terminal,  compressed, 
almost  hnear     Expansions  filiform,  very  long  and  attenuated. 

ihe  lorm  of  the  aperture  and  of  the  neck  separates  this  genus  from  'inema. 
and  Eiccjhjpha  to  which  it  is  aUied  by  the  structure  of  its  lorica.  Schultze 
treats  it  as  a  doubtful  genus, 

SpHenodebia  Icnta.- 


slender  and  simple,  or  branching.  1- 
to  1-520". 


650' 


-Lorica  as  above 
descnbed,  expansions  few,  vei^  long. 

Of  all  the  Rhizopodes  I  have  examined  (says  Schlumberger),  tliis  is  the 
slowest  m  its  movements,  and  its  expansions  the  most  difficult  to  discover. 
1  have  found  it  on  tufts  of  moss  in  marshy  rivulets. 
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A  glandular  body  and  hyaUne  globules  are  seen  in  the  internal  soft  sub- 
stance near  the  posterior  end.  In  moving,  the  position  of  the  shell  may  be 
perpendiculai",  or  obhque  to  the  surface  of  rcptation :  the  hexagonal  depres- 
sions ai-e  indistinct  but  large.    The  shell  fractures  along  the  lines  of  junction 

between  the  hexagons.  .  .  ,  .    ,  i    •  xi. 

Along  with  the  preceding  genera,  Schultze,  as  before  stated,  includes  in  the 
division  Monothalamia  the  new  genera  ia^i/ms,  Squamulina,  and  Comu- 
spira. 

Genus  LAGYISTIS  (Schultze).— Shell  membranous,  elastic,  retort-shaped; 
body  colouiiess,  transparent ;  foramen  large,  but  the  processes  few,  very  fine, 
occasionally  branching. 

It  forms  the  type  of  the  family  Lagynida. 


The  form  of  the  shell  approaches  that 
of  Eughjpha  (?)  curvata,  described  by 
Perty,  and  foimd  in  an  empty  state  by 
him  on  the  Simploa,  at  an  altitude  of 
4000  to  5000  feet. 


Lagynis  iafeca.— The  transparent 
contents  rarely  fill  the  shell,  but  leave  a 
space  posteriorly,  into  which  they  send 
processes  which  converge  towards  the 
summit  of  the  concavity  of  the  posterior, 
rounded  extremity.  0-05'".    Baltic  Sea. 

Genus  SQUAMULINA  (Schultze).  —  SheU  calcareous,  plano-convex,  or 
lenticular;  adherent  by  the  plane  surface;  cavity  single,  one  large  opening 
on  the  convex  side  ;  no  pores 


Squamulina  tern.— In'egularly  cu-- 
cular ;  much  flattened ;  convex  portion 
thick  and  smooth,  the  flat  portion  very 
thin  and  scarcely  separable  from  the  ob- 


ject to  which  it  adheres.  The  yellowish 
animal  protrudes  numerous  processes 
from  the  excenti-ic  foramen.  Lai-gest 
diam.  1-26"'.    Sea-water,  Ancona. 


Genus  COllNUSPIRA  (Schultze).— SheU  calcareous,  spu-al,  hhe  a  Pla- 
norbissheU;  soUd  or  finely  porous  ;  discoid;  symmetrical  with  both  sides 
alike ;  cavity  single.    One  large  foramen  at  the  termmation  of  the  spu-ai. 

dually  larger  towards  the  termination  of 
the  spiral ;  as  many  as  seven  tm-ns  seen. 
On  the  coast  of  Mozambique. 

D'Orbigny's  OpercuUna  imerta  is  pro- 
bably the  same  form.  The  SjnrUlina  de- 
scribed by  Ehrenberg  is  somewhat  hke, 
but  is  probably  only  a  young  MilioJa. 


ConNUSPiBA  planorhis. — Shell  trans- 
lucent, brown,  without  pores;  six  or 
perhaps  more  tm-us  of  spu-al  seen.  Mud 
from  the  coast  of  Mozambique  and 

Trieste.  ,  , 

C.  perforata.— FmQlj  porous,  hyalme, 
colouriess ;  pores  circular,  becoming  gi-a- 


Genus  CADIUM  (Bailey)  (XXII.  19).-SheU  silicious  (chitinous?)  ovoid; 
elongated  as  a  sort  of  neck,  which  is  bent  upwards  and  outwards,  tei-mmatcd 

""'i^t^lIZZ^^iui.^  by  the  late  Dr.  BaHey,  of  New  York,  to  mclude 
some  empty  Ehizopodous  sheUs  met  with  in  the  soundings  taken  m  the  gulf- 
stream.    {Silliman's  Journ.  xxii.  1856.) 

Oabiuk  marinum  (xxn  19).-SheU   which  about  12  ^j/^^^^^ 
marked  by  numerous  meridian  Imes,  of  Length  2-1000  ,  diam.  iuw 


Sub-group  ACTINOPHEYINA.    (Part  I.  p.  243.) 
(XXIII.  24-37.) 

*  1.  .ino«  nf  Tlhizonoda  having  a  more  constant  and  definite  form,  and 
A  sub-cla  s  of  Khizopo  .^^^^  ^^^^^^^^  ^^^^^^^^^ 

'^"^oilXZ  °f  the  usual  variable  processes  of  the  class. 
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Their  movements  are  excessively  slow,  and  sometimes  inappreciable ;  and  the 
tentacles  aj^pear  not  concerned  in  them:  conjugation  is  of  very  frequent 
occurrence. 

The  genera  enumerated  in  this  section  are  Act  'mophrys,  Podophrya,  Tri- 
chodiscus,  and  Dendrosoma.  The  distinction  between  the  two  first-named 
genera  is  denied  by  Steiji,  and  probably  with  reason,  for  the  stem  of  Podo- 
phrya  is  not  sufficiently  characteristic  (vide  Part  I.  p.  243).  Trichodiscus  is 
little  known  to  observers,  and  probably  is  only  a  variety  of  Actino2yhrys ;  and 
Dendrosoma  has  hitherto  received  little  attention  ;  its  branched  pedicle,  how- 
ever, gives  it  a  generic  importance. 

Dujardin  formed  a  very  correct  conception  both  of  the  organization  and 
affinities  of  the  Actinophryina,  which  were  coupled  with  Amoebsea  and  Ehizo- 
poda  ia  his  second  order  of  Infusoria.  He  rejected  the  genera  Podophrya 
and  Tnchodiscus,  which  he  merged  in  the  genus  Actinophrys.  Siebold  very 
strangely  overlooked  the  true  structure  and  affinities  of  Actinophrys,  which 
he  placed  with  Encheha,  in  company  with  the  very  dissimilar  Prorodon, 
among  his  "  Stomatoda." 

Perty  has  constituted  Actinophryina  a  second  section  of  CUiata,  and  has 
adopted  the  genera  Actinophrys,  Podophrya,  and  Acineta.  Trichodiscus  ho 
regards  as  only  a  compressed  form  of  Actinophrys,  and  treats  Dendrosoma 
as  an  aggTcgated  one,  in  which  the  individual  beings  are  collected  into 
colonies. 


Genus  ACTINOPHRYS  (XXIII.  28-32).— Body  more  or  less  spherical, 
usually  compressed  or  discoid,  sometimes  irregular  in  outline,  owing  to  the 
projection  of  superficial  vacuoles.  Tentacles  tapering,  terminated  occasionally 
by  a  rounded  head  {i.e.  capitate),  pretty  uniformly  distributed,  their  length 
generally  exceeding  the  diameter  of  the  body ;  retractile,  and  for  a  time  lost 
m  the  substance  of  the  body,  but  reappearing  at  the  same  place  and  under 
the  same  form.  The  tentacles  serve  for  prehensile  instruments,  but  not  for 
locomotion.  Pood  is  introduced  within  the  body  at  any  part,  and  not  through 
a  mouth ;  and  its  excrementitious  portion  is  in  a  similar  manner  discharged 
from  any  part  of  the  exterior.  InternaUy  are  one  or  two  contractile  vesicles, 
placed  immediately  beneath  the  siuface,  a  nucleus  with  a  nucleolus  ali- 
mentary vacuoles,  granules,  and  probably  smaU  nuclear  ceUs.  Reproduction 
takes  place  by  fission,  and  in  Dendrosoma  by  gemmation.  Germinal  deve- 
lopment IS  presumed,  and  conjugation  is  a  frequent  phenomenon 

The  proboscis  mentioned  by  Ehrenberg  appears  to  be  a  sort  of  expansion 
ot  the  sarcode  of  the  body,  homologous  with  a  variable  process,  which  enve- 
lopes and  then  drags  the  prey  into  the  general  mass 

Ehrenberg  behoved  he  had  discovered  a  mouth,  anus,  and  polyo-astric 
structui-e,  and  that  he  had  succeeded  in  demonstrating  tMs  last  byS  n' 

ZLl  -d«Pted  Eichhorn's%tateme?t-tha  Se 

tentecles  acted  as  locomotive  organs,  by  giving  the  animalcules  the  power  to 

t>,  Jv  fP'^f  fi^;^«tmctions  hitherto  attempted  are  reaUy  of  Uttle  worth ;  even 
tl       stcift   r„     '  f^"^  ^^^^Sroe  among  themselves,  re^t- 

hf  r.l  '    1  they  so  elaborately  describe  ;  and 

nnl^d 'T?  ^"'^  ^''^"•'<^i^«  of  Actinophrys     ui-gently  re- 

f"''^  satisfactory  separation  into  species  can  be  made.  ^Ve 
append  those  forms  which  have  been  accounted  specific  by  different  authors. 

--CoTorXrsh      iS:""  ^P^-^^^^'  °^  ^^^^^J  «° ;        tentacles  or 

ivoiom  whitish,  01  lather  grey;  figure    rays  diverge  from  everypart  of  the  surface, 
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and  taper  to  their  extremities,  and  equal 
the  diameter  of  the  body  in  length. 
Found  in  the  dust-like  matter  upon  the 
surface  of  infusions,  and  among  Confervse 
and  various  aquatic  plants.  Stem  asserts 
that  these  habitats  are  those  of  A.  Eich- 
hornii,  not  of  A.  Sol,  which  does  not  oc- 
cur as  a  fi-ee  being.    1-110- to  1-53.- 

This  species  has  been  very  much  con- 
founded with  ^.  Eichhornii.  Kolliker  mis- 
took this  last  for  A.  Sol;  and  Claparede 
wrote  his  description  of  A.  Eichhornii,  and 
afterwards  discovered  it  was  A.  Sol  that 
he  had  investigated.  Indeed  the  brief 
characters  furnished  by  Ehrenberg  are 
quite  inadequate  to  identify  the  species. 

A.  Eichhornii  (xxiii.  29).  —  Large, 
white,  globose;  tentacles  shorter  than 
the  diameter  of  the  body,  and  tapermg. 
The  cortical  and  medullary  layers  are  well 
distinguished ;  the  former  contams  nu- 
merous vesicles.    Tentacles  conti-actile, 
seen  to  bend  themselves  in  the  prehen- 
sion of  food,  &c.    Stein  affii-ms  that  the 
being  which  Ehrenberg  described  and 
he-m'ed  imder  this  name  is  no  other  than 
A   Sol,  that  the  tentacles  are  by  no 
means  always  shorter  than  the  diameter 
of  the  body,  but  often  longer,  and  that 
this  circumstance  of  relative  length  can- 
not be  used  in  the  diagnosis  of  the  spe- 
cies, but  that  the  conical  figure  oi  the 
tentacles  is  distinctive.    Stein's  views 
these  specific  details  must  be  re 


ceived  mm  gram  salis ;  for  the  mfiuence 
of  his  Acinetiform  hj-potliesis  pervades 
his  systematic  history  of  the  beings  of  the 
class  under  notice,  and  his  figures  of  ^. 
Sol  prove  him  to  have  been  m  error  either 
in  the  observation  or  in  the  mterpreta- 
tion  of  the  organism  ;  for  they  mdicate  a 
member  of  the  Acinetina  rather  than  of 
the  Actinophryina.  Perty  seems  to  think 
the  largest  specimens  of  A.  Sol  constitute 
A.  Eichhornii  (Ehr.). 

A.  oculata  (Stem)  (xxni.  24,  25).— 
Bound,  more  or  less  discoid,  with  several 
concenti'ic  circles  of  vesicidar  spaces  dis- 
tributed over  the  smface  of  the  animal 
cule  living  it  an  undulated  outline,  ihe 
tanenne:,  pointed  tentacles  arise  from  the 
eminences  of  the  sm-face,  and  are  equal 
in  len<^th  to  the  diameter  ot  the  body, 
except  in  smaU  specimens,  m  which 
?Sy  ratl^er  exceed  it    The  periphery 
of  the  body  is  covered  with  a  homo- 
geneous, t^ansparent,  gelatinous,  appa- 
fentlv  thick  layer,  within  which  the 
We  vesicular;  non-contractile  spaces, 
fallfd  with  water,  are  found.  Besides 
?i  s  superficial  layer,  a  cortica   and  a 
meUdlary  substance  are  clearly  pro- 


nounced.  The  particles  of  food  do  not 
enter  the  medidlary  substance.  The 
finely  granular  nucleus  is  central,  sur- 
rounded by  a  ring  of  clear  medullary 
matter.  Pressm-e,  after  the  action  of 
acetic  acid,  will  sometimes  detach  it  as  a 
free  body,  invested  by  a  membrane,  and 
having  within  it  an  ill-defined  gi-anular 
nucleolus.    Diam.  1-38'"  to  1-35"'. 

A.  viridis  (Ehr.).— Spherical,  greenish ; 
rays  niunerous,  shorter  than  the  diameter 
of  the  body.  Diam.  of  body  1-620"  to 
1-280".    Amongst  Confervse. 

A.  difformis. — in-egularly  lobed,  de- 
pressed, and  hyaline;  rays  variable  m 
length,  some  exceeding  the  diameter  of 
the  body,  which  is  from  1-570"  to  1-280". 
The  animalcule  thus  described  Stein  ap- 
prehends to  be  nothing  more  than  several 
young  specimens  of  A.  Eichhornii  con- 
loined  (conjugated). 

A.  marina  (Duj .).— Differs  from  A.  Sol 
in  its  habitat,  and  in  the  more  marked 
contractility  of  its  rays.  Amongst  micro- 
scopic Alg£e  in  the  Mediten-anean.  Pro- 
bably a  mere  variety  of  A.  Sol. 

The  claiiu  of  A.  viridis,  A.  difformis, 
and  A.  marina  to  specific  distmction  is 
extremely  doubtfrd.    The  gTeen  colour 
of  the  first  is  immaterial,  and  the  rela- 
tive length  of  its  rays  to  the  body  of  no 
specific  importance.     The  m-egularly- 
lobed  outline  of  A.  difformis,  agam,  is  an 
immaterial  condition ;  for  the  soft  bodies 
of  ti-ue  Actinophryina  admit  a  changeable 
outline,  and  the  reception  of  food,  more- 
over, to  a  certain  extent  mvolves  it. 
Dujai-din  justly  attributes  no  other  value 
to  his  species  A.  marina,  than  that  it 
may  serve  to  indicate  an  Actmophrys 

living  in  the  sea.  ^  ,  , 

A.  pedicellata  (I)n].)=Podophnja  f  xa. 
A.  rfmto^a.— (Duj.).— Depressed;  rays 
flexible,  thicker  at  the  base,  forming, 
when  contracted,  short,  thick,  fii^er- 
like  processes.  Diam.  1-750".  In  fi-esh 
water  containing  mai-sh-plants.  its  dis- 
coid body  woidd  rather  place  it  ^^^th 
Trichodisciis.  „  .  ,   ,  j 

A.  qranata  (Duj.)  (T,-ichoda  granata, 
M  V— Globular,  opaque  at  its  centre,  sur- 
rounded by  rays  of  less  length  than  its 

own  diameter.  ^  •  7  j-  „ 

A.  Discus  (Dni.)  =  T>-whodiscus  Sol 

^^A:\vata  (Lachmann).  -  A  species 
named  by  this  natiu-alist  in  A.  J\.  M. 

''£'g^;lrSrPer1.).-0fadusky 
yellowish  green  colour,  rarely  colouriess 
tentacles  much  shorter  than  the  diameter 
of  the  body;  not  capitate,  but  bristle- 
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like.  Its  outline  is  double,  with  a  gi-een 
or  red  line.  Length  1-600"  to  1-500"- 
Bern.    Among  Confervte. 

A.  Stella  (Perty)  =  Trichodisciis  Sol- 
It  is  to  be  regretted  that  Perty,  wliilst 


recognizing  this  organism  to  be  an 
Actinaphrys,  should  not  have  adopted 
Dujardin's  very  appropriate  name  for  it, 
rather  than  encumber  the  student  with 
another. 


Genus  TRICHODISCUS.— Body  depressed,  with  a  single  marginal  row  of 
setaceous  tentacles ;  vibratile  cilia  and  teeth  absent ;  no  pedicle ;  mouth 
tnmcated  (Ehr.). 

These  Infusoria,  by  their  flat  disciform  shape,  resemble  Arcellce,  but,  un- 
like the  latter,  are  soft  and  illoricated,  with  stiff,  bristle-Hlce  rays.  A  central 
opening,  and  a  large  lateral  gland  (nucleus),  have  been  recorded  by  Ehren- 
berg,  who  likewise  states  that  he  has  seen,  though  indistinctly,  numerous 
digestive  cells,  but  neither  the  reception  of  coloured  food,  nor  an  anal  orifice. 

This  account  is  very  unsatisfactory  as  a  means  of  determining  a  genus. 
The  discoid  figm-e  is  not  a  sufficient  distinction  from  the  genus  Actinophrys ; 
and,  on  the  other  hand,  the  softness  of  the  integument,  compared  with  the 
lorica  of  Arcella,  is  not  a  generic  distinction;  for  the  so-called  lorica  of  the 
latter  genus  is  in  many  instances  only  a  flexible  integument. 

Cohn  (Zeitschr.  1853,  Band.  iv.  p.  262),  after  remarking  on  certain  Acti- 
nophiyean  beings  covered  with  adherent  foreign  particles  of  sand,  Cyclo- 
tella-sheQs,  &c.,  and  siu'mising  that  such  beings  were  no  other  than  Difflugice 
engaged  in  the  formation  of  a  lorica,  submits  the  opinion,  in  a  foot-note,  that 
Trichodiscus  Sol  (Ehr.)  is  a  similar  organism,  because  Ehrenberg  describes  its 
tentacles  as  proceeding  from  the  middle  of  the  body,  which  is  often  partially 
coloui-ed  with  brownish  corpuscles. 

Tbichodiscus  Sol.  (Actinophrys  Dis- 
cus, D.). — Depressed,  almost  flat,  hyaline 
or  yellowish,  with  variable  rays.  The 
motion  of  this  species  is  very  sluggish  ; 
it  often  remains  for  a  long  time  inert. 


Amongst  Confervse.  Diam.,  without 
rays,  1-430"  to  1-210". 

Perty,  as  already  seen,  retains  this  spe- 
cies with  Actinophrys,  with  the  name  of 
A.  Stella, 


Genus  PODOPHEYA  (XXIII.  34-37).— The  members  of  this  genus  differ 
from  Actinophrys  only  in  being  stalked.  Stalk  single,  not  branched.  Eh- 
renberg described  them  as  EncheHa  devoid  of  vibratile  cilia  and  teeth,  with 
spherical  bodies,  covered  with  setaceous  tentacles  ;  having  a  truncated  (direct) 
mouth  ;  and  in  organization  equivalent  to  Actinophrys,  with  a  stiff  stalk. 


Podophhya  omta  (Alder).  —  Body 
ovate,  with  a  verj^  slender  and  short 
stem  ;  tentacles  capitate,  retractile,  in  a 
single  row,  less  numerous  than  in  Ephe- 
lota  apiculosa,  and  forming  a  narrow  disc. 
Parasitic  on  Sertulariw. 

P.  pyrifnrmis  (Alder). — Body  pear- 
shaped,  or  rather  campanulate,  with  a  di- 
stinct rim  around  the  summit,  and  a  sin- 
gle circlet  of  delicate,  capitate,  retractile 
tentacles;  stem  long  and  slender.  Pa- 
rasitic on  Paluclicetta,  and,  unlike  the 
preceding,  an  inhabitant  of  fresh  water. 

These  two  species  were  first  described 
by  Mr.  Alder,  along  wth  Ephelota  apicu- 
losa, and  were  described  m  the  previous 
edition  of  this  work,  under  the  name  of 
"  Alderia."  Lately,  however,  Mr.  Alder 
■WTote  to  inform  us  that  this  name  had 
been  applied  to  a  diflbrent  class  of  ani- 


mals, and  therefore  could  not  be  retained. 
Di-.  StrethiU  Wright  has  since  studied 
these  beings,  and  distinguished  one  as 
Ephelota  apiculosa,  and  placed  the  other 
two  among  Podophrya.  Mr.  Alder  {A. 
N.  II.  1851,  vii.  p.  427)  recognized  their 
relation  to  Acineten,  and  their  affinity 
to  Campannlarian  Zoophytes,  betM^een 
which  and  Infusoria  he  considered  them 
the  most  perfect  link  known. 

P.  f,xa  {Trichoda  fi.ra,  ]M.  Actino- 
phrys pediccllata,  D.)." — Body  spherical, 
turbid,  whitish,  with  a  diaphanous  pe- 
dicle slightly  excised  at  the  extremity. 
The  rays  or  tentacles  are  capitate  at  the 
extremity,  and  equal  in  length  the  dia- 
meter oi  the  body.  Elironberg  states 
that  the  seizing  or  catching  power  of 
this  animalcule  is  very  interesting  to  ob- 
serve.   So  soon  as  n  quicklv-A'ibratina' 
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TrichoclinaGrandinella  approaclies  to, and 
comes  in  contact  -with,  its  tentacula,  it 
is  immediately  taken  prisoner,  ceases  to 
vibrate,  and  stretches  out  its  cilia  back- 
wards. On  the  whole,  this  species  re- 
sembles Acineta;  but  Ehrenberg  sup- 
posed it  to  possess  a  discharging  orifice, 
though  its  situation  is  unknown.  Found 
among  dust-like  matter  upon  the  siu-face 


of  pond-water, "  and  perhaps,"  says  Ehr., 
"  also  in  the  sea."    Diam.  1-430". 

P.  ^(■6e»-o(Perty). — Stemless, spherical; 
colom-less,  or  faint  yellow;  periphery 
smooth;  tentacles  hyaline,  pointed  in 
greater  or  less  nmuber,  many  very  long, 
sometimes  vei-y  few  present,  many  seen 
cinved.  Diam.  1-330".  In  stale  pond- 
water. 


Claparcde  and  Lachmann  have  recently  {Ann.  d.  Sc.  Nat.  1857)  distm- 
gnished  a  number  of  species  of  Poclo])hrya,  many  of  Avhich  would  be  accounted 
Acinetce  by  Stein;  however,  they  have  no  capsule  like  members  of  that  genus. 
No  characters  are  given.  The  following  are  noted:  — 1.  Podojohrya  Cy- 
clopum,  parasitic  on  C^jclojys  and  Lemnse;  2.  P.  Garchesii,  on  Carchesium 
polypinum  ;  3.  P.  quadripartita,  the  same  as  the  Acineta  assigned  by  Stem 
to  Epistylis  plicatiUs;  4.  P.  Pyrrnn,  a  large  form,  pear-shaped,  found  on 
Lemna  trisidca;  5.  P.  cotJmrnata,  the  diademifonn  ^cmcto  of  Stem ;  b.  P. 
Ferrum-equinwm,  the  Acineta  of  the  same  name  of  Ehi'. ;  7.  P.  lAjngbyei,  the 
Acineta  Lyngbyei  (Ehr.);  8.  P.  ,  a  marine  form,  with  extremely  dila- 
table suckers. 

Genus  DENDROSOMA  (Ehr.).— This  includes  beings  which  resemble 
ActinopJirys,  supported  on  a  branching  pedicle.  The  base  of  the  thick 
pedicle  or  trunk  is  fixed ;  and  its  divisions  bear  the  animalcules  at  their  ex- 
tremities.   In  appearance,  therefore,  it  resembles  a  microscopic  Sertulanan 

^°The  question  may  be  raised,  if  this  genus  is  not  the  same  as  Anthophysa 
(p.  500),  misinterpreted  in  structure  ;  and  if  the  organisms  terminating  the 
branches  are  not  Uvellce  instead  of  Actinophrydes. 

DENnnosoM.^  radians.  -  Corpuscles  tentacula ;  disposed  on  a  soft,  smooth  and 
(animalcules)   conical,  furnished  with   alternately  branched  stem.    At  Berhn. 

Genus  EPHELOTA  (Wright).— Similar  to  Podophrya ;  but  the  tentacles, 
instead  of  being  capitate,  are  pointed,  and  form  a  wreath  or  circlet  They 
seem  also  to  be  either  slightly  contractile  or  retractile,  or  only  flexible. 
Pedicle  composed  of  a  cortical  matter  or  integument,  and  a  meduUary  or 
contained  substance. 

formed  of  cu-cular  fibres  passing  at  right 
angles  to  the  fibres  of  the  medulla,  which 
cortical  fibres  are  absent  in  E.  coronata. 

E.  coronata  (Wright).— Body  consists 
of  a  short  cylinder  of  densely  gi-anular 
sarcode,  shghtly  enlarged  above  and  be- 
low, so  as  to  resemble  the  chclet  of  a 
crown.  It  is  suimoimted  by  a  circle  of 
thick,  acuminate  and  radiatmg  tentacles, 
which  are  capable  of  being  slowly  cm-ved 
inwards,  but  cannot  be  contracted.  They 
remain  stiftly  extended  when  the  ammal 
is  immersed  in  alcohol.  The  sti-uctine  of 
the  tentacles,  I  believe,  is  unique.  Under 
high  microscopic  power  they  are  seen  to 
consist  of  a  bundle  or  framework  of  fine 
parallel  rods  of  homy  (?)  textm-e,  imbed- 
ded in  soft  contractile  sarcode.  The  more 
central  rods  of  the  bundle  protrude  con- 
tmually  beyond  those  exterior  to  them, 


Ephelota  apiculosa, — Body  vase-  or 
cup-shaped,  expanded  at  top  and  set 
roimd  with  several  circlets  of  numerous 
pointed  tentacles ;  abruptly  thickened  to- 
wards the  base.  The  tentacles,  which 
are  always  in  more  than  one  row,  enjoy 
little  motion,  curve  themselves  forward 
occasionally,  and  are  slowly  reti-acted  at 
times.  Pedicle  stout.  Found  parasitic 
on  SeHularia ;  by  Dr.  Wright  on  Coryne. 

It  difters  imvaE.  coronata  in  havuig  the 
body  wider  than  the  stem,  more  cup- 
shaped  and  elongated,  and  the  tentacles 
more  iii'egular,soft,  retractile,  and  unsup- 
Borted  by  the  solid  matter  which  occm-s 
In  the  interior  of  those  of  the  species 
named.  It  is  especially  distinguished  by 
the  shape  and  structure  of  the  stem, 
whichisofneariyequal diameter  through- 
out, and  encloses  a  cortical  substance 
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so  that  the  point  of  tlie  tentacle  is  fomied 
of  only  a  voiy  small  number.  In  other 
examples,  each  rod,  under  a  power  of  800 
diam.,  assumed  a  bearded  structiu-e. 

"The  animal  secretes  beneath  itself, 
or  from  its  base,  a  pedicle  of  diaphanous 
and  coloui'less  substance,  which  increases 
in  leno-th  and  breadth  with  the  increasing 
growth  of  the  animal,  imtil  it  assumes 
the  fonn  of  a  glassy  club,  on  the  thiclc 
upper  extremity  of  which  the  animal 
is  seated.  The  whole  of  the  pedicle 
is  covered  by  a  growth  of  scattered 
hairs;  but  it  may  be  doubted  whether 
these  have  any  organic  connexion  with 
it,  and  whether  they  do  not  belong  to 
one  of  those  minute  classes  of  Algae  the 
structure  of  which  eludes  microscopic 
research.  A  longitudinal  fibrous  struc- 
ture is  faintly  seen  in  tlie  axis  of  the 
pedicle,  but  it  gradually  disappears  to- 


wards the  periphery.  After  immersion 
in  spirit,  this  fibrous  structure  becomes 
much  more  apparent.  The  action  of  the 
spirit  also  causes  a  fine  membrane  to 
separate  from  the  surface  of  the  pedicle, 
which  appears  to  be  continued  down- 
wards from  the  body  of  the  animal,  and 
is  probably  analogous  to  the  membrane 
which  I  have  already  shown  to  exist  as 
a  lining  and  covering  to  the  ceU  of  Va- 
ginicola  valvata,  and  which  secretes  and 
hides  within  itself  the  valve  that  closes 
the  cell  of  that  curious  animal  "  {JScUn. 
New  Phil.  Journ.  1858,  p.  7). 

This  specias  was  twice  seen  by  Dr. 
Wright,  "each  time  in  large  colonies, 
situated  within  the  mouth  of  shells  in- 
habited b^  the  hermit-crab,  where  the 
dense  white  bodies  of  the  animalcules, 
seated  on  their  transparent  pedicles,  form 
sufficiently  remarkable  objects." 


Genus  ZOOTEIREA  (Wright)  (XXXI.  14-15).— Body  furnished  with 
numerous  contractile  acuminate  rays  (tentacula) ;  elevated  on  a  contractile 
pedicle.  Eays  becoming  thickened  towards  the  point  when  not  fully  ex- 
tended, but  not  capitate. 


ZooTEiREA  religata  (xxxi.  14-15). — 
The  body  of  the  animalcide,  when  con- 
tracted, consists  of  densely  gi'anular  sar- 
code  sm-rounded  by  a  layer  of  more 
transparent  substance.  This  external 
coat  is  capable  of  being  prolonged  into 
innumerable  exceedingly  attenuated  ten- 
tacles or  rays,  from  eight  to  ten  diameters 
of  the  body  in  length,  and  resembling  in 
structiu'e  those  of  Ephelota  apiculosa.  The 
animalcule  is  elevated  on  a  long  contrac 


continuous  with  the  external  coat  of  the 
body.  1  have  several  times  seen  this 
animal,  always  in  colonies.  When  seen 
by  oblique  illimiination,  it  has  a  very 
sti'iking  appearance.  The  light  reflected 
from  the  rays  has  the  appearance  of  two 
cones  issuing  on  opposite  sides  of  thebodyj 
and  rotating  in  opposite  directions  with 
every  movement  of  the  lamp.  Found  on 
shells  di-edged  from  deep  water  in  the 
Firth  of  Forth. 


tUe  pedicle,  which  appears  also  to  be 

We  are  indebted  to  Dr.  Strethill  Wright  of  Edinburgh  for  the  knowledge 
of  this  genus  _  and  species.  Dr.  Wright  was  so  kind  as  to  transmit  the 
account  to  us  in  manuscript,  together  with  notes  on  Ej^lidota,  the  characters 
of  the  following  peculiar  genus  Coreihria,  and  those  of  several  additional 
Infusoria. 

Genus  CORETHRIA  (Wright)  (XXXI.  5,  6).— The  history  of  this  genus  is 
thus  desenbed  (m  literis)  by  its  discoverer,  in  the  details  of  the  sti'uctm-e  of  the 
only  species  yet  found,  viz.:— "  GorethriaSertularice  consists  of  a  body,  or  oblon"- 
cushion-like  mass  of  granular  sarcode,  furnished  with  a  long  club-shaped 
appendage,  which  hears  at  its  summit  a  thick  brush  of  tentacles.  The  body 
18  generaUy  homogeneous,  although  occasonaUy  one  or  two  large  ceUs  are 
seen  withm  it.  The  mop-like  appendage  is  seen  to  contain  two  stmctures, 
both  without  granules.  The  interior  or  medullary  portion  is  a  transparent 
and  structureless  cylmder,  arising  from  a  slight  depression  in  the  body  of  the 
animal.  Ihe  extenor  structure,  also  transparent,  is  transversely  wrinkled  or 
rugose.  I  ho  tentacles  are -transparent,  from  eight  to  about  forty  in  number, 
and  have  occasionally  a  slight  waving  motion :  they  appear  to  arise  from  the 
internal  lanima  or  core  of  the  mop.  A  second  kind  of  appendage  is  frequently 
tound  attached  to  the  body  of  Corethria,  in  the  form  of  a  long  spindle-shaped 
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mass  of  granular  sarcode,  similar  to  the  body,  having  a  depression,  perhaps  an 
oiifice,  at  its  distal  end.  This  is  either  a  parasite  or  a  gemma,  as  it  is  some- 
times found  attached  alone  to  the  Sertularia.  It  appears  to  multiply  l)y 
fission,  as  two  are  sometimes  found  attached  together." 

In  another  letter,  Dr.  Wright  remarks  that  he  has  "  doubts  as  to  the  Crre- 
c/arina-mie  body  being  a  part  of  the  animal,  as  it  Ls  often  absent,"  and  he  has 
"  seen  it  fixed  to  neighbouring  bodies."  Pood  is  probably  taken  up  by  the 
summit  of  the  mop-Hke  process,  absorbed,  and  carried  down  to  the  body. 

Dr  Wrio'ht  has  found  this  remarkable  animalcule  three  successive  years  at 
Granton,  in  great  abundance,  though  in  a  limited  locaUty.  It  ocem-s  at  aU 
parts  of  the  polypidom  of  the  Sertularia  pwnila,  but  chiefly  in  the  angle 
between  the  mouth  of  one  ceH  and  the  lower  part  of  the  cell  above,  where 
two  or  three  sometimes  jiestle  together.  .  ,  ^  .  .  ,     -■  , 

Although  unlike  all  other  animalcules  in  shape.  Dr.  Wright  is  induced  by 
its  structiu-e  to  place  it  near  Actinoplirys.  Were  it  not  for  the  cushion-hke 
body,  the  mop-headed  process  would  be  referable  to  Ephelota. 


Subgroup  ACINETINA.    (Part  1.  p.  258.) 

(Plates  XXIII.  1-27;  XXVI.  3-4;  XXVn.  13-15,  18-20; 
^  XXX.  3,  4,  8,  21-23.) 

A  subclass  of  Ehizopoda,  very  closely  resembling  ^f^^'^^'^^^  ^^Jgf 
by  an  integximent  or  capsule,  thi'ough  which  the  retractile  tentacula  oi  fila- 
ments are  protnided,  and  usually  supported  on  a  pedicle. 

The^ice  have  been  supposed  to  have  no  P^^^°^^ZSh^^S^: 
selves  by  absorption  of  foreign  matters  from  without,  as  do  the  Actmophiyma 
but  this  seems  to  be  an  error;  and  Lachmann  asserts  them  to  be  pecuharly 
cain^voroS^niLls,  the  pre^  being  seized  by  the  tentacula,  which  have 

"The  tLlres'o?  Stein  went  to  show  that  the  members  of  this  famUy  were 
noSSngTore  a  developmental  phase  of  Yorticellina ;  bu  although  tins 
vSw  Keen  accepted  by  a  few  natiu-aUsts,  it  has  ^I'^l'^'^^^y.ZZftl 
lonTroverted  by  Lachmann,  Claparede,  and  others,  who  have  witnessed  the 
renroduction  of  Adnetce  from  parent  forms.  „f%„,.c 
The  tentacles  of  Acinetina  are  not  as  a  rule  capitate  ;  many  taper  otheis 
are  of  nelriy  L  same  width  thiwghout.  They  may  be  dxstnbnted  pretty 
generally  ovL  the  body,  or  only  along  a  certain  margm,  or,  agam,  may  be 

"t^ ;™T^^^^^^^  of  Acinetifonn beings, weshan  describe 

all  tLs  '  vaiSto  des^        Ij  Stein  ;  for  the  tnith  or  error  of  ^^s  hnjoth^^^^^ 
of  transformation  does  not  affect  the  value  of  his  ^es-^^;-  ^^^^^^ 
distinguishable  forms  of  organized  beings,  ^ut  J^^^^^^^^^^ 
of  these,  we  shall  reproduce  the  species  enumerated  by  LfirenDei^  unuei 

head  of  ^cmeia.  .  .  j- i„  o-nri 

Genus  ACINETA.-Has  a  membranous  lorica,  a  simple  pedicle  and 
tvn,^.  retractile   non-vibrating  tentacula.     Ehrenberg  notes  his  dis- 

Z^n  r,  "noticed  by  Stein,  Oicnkewsky,  .nd  others 
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Poh^es.  This  is  called  a  Podophrya 
by  Lachmauu.  Length,  iucludiiig-  stallc, 
1-170"  to  1-100". 

A.  tuherosa  {Vorticdla  tuberosa,  M.) 
(xxvi.  3-4). — Triangular,  compressed ; 
dilated  and  tnmcate  anteriorly,  with 
thi'e'e  obtuse  tubercles  or  horns,  of  which 
the  two  lateral  are  more  constant,  and 
fiu'uished  with  teutacula.  Pedicle  simple 
and  slender.  1-210"  to  1-100".  Inniarsh- 
aud  sea- water ;  on  Ceramium  diaphanum 
(xxi.  3-4).  See  account  of  Acinda  of 
Zoothamnium  qffine. 

A.  mystacina  (x.  205). — Subglobose, 
obtusely  horned,  with  two  elongated 
bundles  of  tentacida:  pedicle  slender. 
Upon  Lemna  minor.  1-860"  to  1-120". 

A.  Fernim-equinum  (xxixt.  26,  27). — 
Ovate,  white,  tentacula  disposed  at  its 
front;  pedicle  small,  thick;  a  central 
gland  of  a  horse-shoe  shape.  1-240".  Ber- 
lin.   This  Lachmann  calls  a  Podophrya. 

A.  (?). — Brightwell  describes  an  ani- 
malcule with  an  oval  sheath,  of  a  dark 
colour,  opake  and  granulated,  and  having 
a  bundle  of  diverging  rays  proceeding 
fi'om  each  extremity,  many  of  which,  by 
contraction  or  otherwise,  have  a  globular 
tip.  They  were  not  observed  to  move  or 
catch  otlier  animalcules.  In  fresh  water 
at  Oulton,  Norfolk. 

A.  patula. — A  species  mentioned  by 
Lachmann  {A.  S.  N.  1857)  as  developing 
embiyos,  and  common  on  Algfe  and 
Zostera  foimd  on  the  coast  of  Norway. 

A.  Cucullus. — ^Another  species  named, 
and  not  described,  by  the  same  natiu'alist. 
Found  in  the  Fjord  of  Bergen. 

A.  cylindrica  (Pei-ty).  —  Coloui-less, 
transparent,  cylindrical,  supported  on  a 
short  stem.  1-22"'. 

Cothurnia  maritima.  —  Its  presiuned 
Adneta  bore  a  close  resemblance  to  Ad- 
nata tuberosa  (Ehr.).  It  had  a  moderately 
long,  thin  stalk,  not  dilated  upwards ;  and 
the  body  was  enclosed  by  a  hyaline  cap- 
side,  capped  by  a  conical,  roof-like  por- 
tion, from,  which  the  inverted  conical  or 
pvi-iform  gi-anular  body  was  suspended, 
more  or  less  space  intervening  between 
it  and  the  capside.  From  each  external 
anterior  angle  proceeded  a  bundle  of 
gently- tapering,  tine,  and  slightly  capi- 
tate tentacles,  retractile  and  divergent. 
Internally  was  a  round  coutractile  space 
and  an  oval  nucleus. 

Epistylis  braiiduop/iila. —The  Adneta 
assigned  to  it  by  Stem  has  usually  a  short, 
slightly  curved,  stiff  and  solid  pedicle, 
always  much  tliiuner  than  the  stem  of 
the  Epistylis  itself.  Figure  pyriform  ;  two 
bundles  of  bristly,  nou-capitate  tentacida 


given  off  from  its  autei'ior  end.  The  body 
exhibits  constant  changes  in  outline  by 
the  vermicular  contractions  of  its  tissue, 
and  likewise  alters  its  relative  position 
with  its  stem.  It  likewise  exhibits  trans- 
itory folds,  swellings,  and  inflations  of 
the  surface.  1-240". 

E.  crassicoUis. — Stem  of  its  Adneta 
transversely  striped,  crystalline,  mostly 
straight,  and  generally  like  that  of  the 
Epistylis  itself,  except  in  thickness,  being 
in  this  respect  much  thiimei',  save  at  its 
expansion,  supporting  the  body  of  the 
Adneta.  This  last  is  of  a  rectangidar 
figure,  with  rounded  angles,  and  often 
inflated  at  the  middle.  Tentacula  taper- 
ing, capitate,  always  few  in  number — 
from  two  to  four  at  each  of  the  foiu' 
angles,  and  always  longer  than  the  dia- 
meter of  the  body.  Length  (maximum) 
of  body  1-30"',  breadth  1-28"'.  Foimd 
on  the  Entomostraca. 

E.  plicatilis.  — Adneta-^edlcXe  solid, 
longitudinally  striated,  much  narrower 
than  stem  of  the  Epistylis,  except  at  its 
upward  dilatation,  where  the  body  was 
affixed.  Body  pyi'iform  or  ovoid,  com- 
pressed ;  in  most  specimens  with  a 
smooth  surface  and  no  tentacida :  when 
the  last  were  present  tliey  were  small, 
capitate,  and  few  in  uimiber,  and  col- 
lected in  foiu-  bmidles,  one  on  each  lobur 
lar  expansion  of  the  then  expanded  Ad- 
neta. Maxim,  length  1-16"',  width  1-20"'. 

Opercidaria  articulata  (xxx.  3-4). — 
Pedicle  of  Adneta  rigid,  solid,  thin, 
mostly  ciuwed,  and  shorter  than  the 
body.  After  a  certain  height  (about 
the  half)  it  suddenly  and  greatly  ex- 
pands to  its  point  of  articidation  with 
the  body.  It  is  striated  longitudinally, 
and  hyaline.  Body  compressed,  with* a 
circidar  outline,  or  discoid,  ovoid,  or  py- 
rifoiin.  figiu'e.  Abruptly  and  widely  tnm- 
cate at  its  base,  where  it  is  fixed  on  its 
pedicle :  siu-roimded  by  au  apparently 
hrm  and  thick  integument,  withoiit 
apertiu-e,  and  covered  at  slight  intervals 
by  short,  thick,  tubular  and  undulating 
tentacles.  Maxinuim  length  1-20"'  to 
1-12'",  width  1-14"'  to  1-24"'. 

O.  berberina  (xxiii.  17-20).— Stem  of 
Adneta  very  short,  thiclc,  solid,  smooth 
or  transversely  striped,  usually  con- 
tracted in  the  centre  and  dilated  at  each 
end.  The  stem  supports  a  very  large, 
flattened,  discoid  capsule,  with  a  para- 
bolic outline,  and  having  a  gently  curved 
anterior  double  margin  enclosing  an  open 
space.  The  margiiis  are  comparable  to 
a  front  and  back  lip :  the  walls  of  the 
capsule  thick,  flexible,  aud  liyaline,  A 
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portion  of  the  contained  Acineta-hody 
extends  beyond  tlie  lips  like  a  tongue. 
This  process  contains  from  fom-_  to  iive 
contractile  spaces,  variable  both  in  posi- 
tion and  size,  as  well  as  changeable  in 
fio-m-e,  from  a  cii-cular  to  a  dumb-bell 
sliape.  The  rounded  anterior  angles  of 
the  process  support  numerous  radiating 
tubular  tentacles,  neither  capitate  nor 
tapering,  but  retractile  and  capable  of 
being  collected  together  in  cylindrical 
buncfies.  The  tentacles  maybe  retracted 
within  the  lips  of  the  capsular  opening ; 
and  when  this  happens,  the  anterior  mar- 
gin of  the  Acineta  has  a  ti-ilobate  cha- 
racter ;  and  very  fi-equently  a  transverse 
fold  makes  its  appearance  behind  the 
middle  of  the  body,  and  might  easily  be 
mistaken  for  an  indication  of  commenc- 
ing ti-ansverse  fission.  Sometimes  two 
such  folds  axe  displayed.  Maximim 
length  of  capsvile  1-14"',  width  across 
the  anterior  labiate  extremity  1-19"' j 
length  of  pedicle  1-125"'. 

In  figm-e  and  other  respects  this  Aci- 
neta, remarks  Stein,  diflers  so_  mate- 
rially from  those  of  other  Acmetina, 
that,  if  these  beings  are  to  be  considered 
independent  organisms,  it  would  require 
the  creation  of  a  new  genus. 

O.  Lichtenstdnii  (xxrn.  22-23).— The 
Acineta  varies  very  much  both  in  figui-e 
and  dimensions.    All  varieties  have  a 
short,  thick,  solid  stem,  dilatmg  upwards 
to  the  body  of  the  animal.  When  largest, 
it  equals  half  the  length  of  the  body, 
but  is  at  times  so  short  that  the  body 
seems  as  if  sessile.    The  body  is  usually 
strongly  compressed  laterally,  and  m 
outline  is  a  long  or  short  oval,  ovate, 
pyriform,  or  circular,  except  that  m  all 
cases  it  is  narrowed  at  its  base  to  equal 
in  width  that  of  the  supporting  pedicle. 
In  short-stalked  smaller  individuals,  the 
body  is  mostly  so  very  shortened  and 
depressed,  in  its  long  axis,  that  the  stem 
is  quite  overlaid,  and  the  entire  being 
has  a  reniform  shape.  A  circiilar  or  oval 
nucleus  occurs  in  the  interior,  but  no 
contractile  sac  was  discoverable.  Maxi- 
mum length  1-18"',  width  1-24"',  dia- 
meter of  smallest  specimens  1-96"'.  _ 

Ophrydium  versatile  (xxx.  8).— Stein 
does  not  appear  satisfied  with  regard  to 
the  Acinetiform  being  to  be  assigned  to 
this  member  of  the  Vorticellina  (Opliry- 
dina).  He  found  many  cystic  oval  or 
ovoid  bodies,  with  an  in-egular  centi-al 
nucleus  and  numerous  chlorophyll-cor- 
puscles in  company  with  his  0^,/»7/fZ««« 
and  along  with  these,  which  he  concluded 
to  be  encysted  beings,  other  saccular 


organisms,  of  like  size  and  figure,  con- 
taining also  a  central  nucleus  and  many 
chlorophyll  cells,  and  withal  furnished 
with  a  large  number  of  tapering  tubular, 
mostly  ciu'ved  or  contorted,  motionless 
processes  or  tentacles,  distributed  over 
the  sm-face,  recalling,  in  general  appeai-- 
ance,  the  "  digitate  Acineta." 

Spirochona  gemmipara  (xxx.  21-24). 
— Stein  assigns  to  this  peculiar  member 
of  the  Vorticellina  a  very  extraordinary 
Acineta,  which  he  has  named  Dendro- 
cometes  paradoxus.    The  body  is  plano- 
convex, circular,  without  pedicle,  and 
gives  off  fi-om  its  surface  no  tentacles  of 
any  of  the  ordinary  types,  but  one  or 
more  large  tubular  processes,  more  or 
less  branched.    There  is  so  great  an  in- 
constancy in  the  number,  position,  size, 
and  ramification  of  these  processes  (says 
Stein),  that  two  sinular  specimens  ai-e 
scarcely  to  be  found.    The  processes  on 
the  same  being  difier  also  very  much  in 
size  and  mode  and  degree  of  branching. 
Five  is  the  prevalent  number  in  the 
most  fully  developed  foi-ms;  above  six 
are  scarcely  ever  seen ;  three  or  four  are 
not  imcommon ;  a  single  one  is  seen  only 
in  imdeveloped  examples.  An  entii-e  ab- 
sence of  such  appendages  is  not  very 
imcommon,  the  nuclear  developments  m 
their  interior  serving  to  identify  them. 
Neither  their  ti-unk-like  process  nor  any 
of  its  ramifications  has  the  power  of 
lengthening  or  shortening  itself;  but  the 
whole  process  may  undergo  a  certain, 
amount  of  cm-vatiu'e,  and  extend  itself  in 
a  rigid  manner.  Diameter  of  body  1-54" ' 
to  1-25"'. 

Notwithstanding  the  very  patent  di- 
versity in  form  and  constitution.  Stein 
declares  these  tubular  ramified  processes 
to  be  moi-phologically  and  physiologically 
identical  with  ordinary  tentacula. 

Vaginicola  crystallina  (xxvn.  12-15). 
—The  Acineta  attributed  to  this  bemg 
by  Stein  has  a  hyaluie  capsule,  expanded 
in  front  and  nai-rowed  posteriorly  mto  a 
sort  of  hoUow  pedicle.  The  dilated  upper 
portion  is  infimdibulifoim,  lu-ceolate,  or 
pyi-iform  in  figm-e,  and  is  partiallv  occu- 
pied by  the  gi-auiilar  mass  of  the  body  ot 
the  animalcule,  enclosed  in  a  membra- 
nous sac  of  its  own.  The  body  is  sus- 
pended from  the  vaidted  anterior  smface 
of  the  capside  bv  an  intermediate  gela- 
tinous layer,  which  often  appeai-s  ph- 
cated.  Its  biUk  varies  extremely ;  at 
times  it  nearly  occupies  the  whole  ca^-ltv 
of  tiie  capsule,  except  the  prolonged 
stem-like  portion,  which  never  contaias 


anv ;  at  othei-s  it 'forms  only  a  small  ball 
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at  the  anterior  ei^d,  which  is  then  con- 
tracted upon  it  by  being  thrown  into  a 
few  longitudinal  'folds.    The  tentacles 

Eroceed  from  the  anterior  surface  of  the 
ody  and  penetrate  through  certain  fis- 
siu-es  in  the  capsule  above,  diverging 
from  the  surface  in  a  radiating  manner. 
They  are  long,  capitate,  slightly  tapering 
and  retractile.  The  body  contains  a  cir- 
cular nucleus  and  a  contractile  vesicle. 
Maximum  dimensions  of  capsule  1-4"'  in 
height,  1-.32'"  in  width.  The  minimum 
1-24'"  high,  and  1-43"'  wide. 

Stein  puts  this  Acineta  forward  as  one 
of  the  best  illustrations  to  be  obtained  of 
the  conversion  of  an  encysted  Vorticel- 
lina  into  an  Acineta.  The  Acineta  he 
identifies  with  the  A.  mystaci?ia  (Ehr.), 
and  portrays  two  modes  of  develop- 
ment :  one  by  a  series  of  cUiated  em- 
brj'os,  enveloped  each  in  its  own  capsule, 
given  oS  from  the  surface  by  a  sort  of 
gemmation — this  process  going  on  until 
the  whole  animal  mass  is  exhausted; 
the  other  by  the  conversion  of  the  whole 
mass,  simultaneously,  into  several  elon- 
gated-oval granidar  germs,  covered  by 
a  membrane,  but  not  ciliated. 

Vorticella  microstoma.  — Stein  consi- 
ders the  ActinopJirys  Sol  and  Podoplirya 
jixa  (Ehr.)  to  be  the  Acinetifonn  re- 
presentatives of  this  species  of  Vorti- 
cella. In  om-  opinion,  as  before  expressed, 
and  which  we  partake  in  common  with 
Cienkowski  and  others,  the  being  de- 
scribed by  Stein  under  the  name  Actino- 
phrys  is  in  fact  an  Acineta.  It  is  repre- 
sented as  covered  by  a  firm  integiunent, 
■which  frequently  assumes  the  characters 
of  a  cyst,  becomes  plicated  around  it, 
and  extended  into  a  hollow  pedicle, 
giving  it  the  appearance  of  Podophrya. 
Moreover,  foreign  substances  were  never 
seen  to  enter  its  interior,  as  happens 
in  the  tme  Actinophrys.  The  further 
history  of  this  Acineta  has  been  sketched 
in  the  chapter  on  development  of  Ciliata 
(p.  360  et.  seq.). 

V.  nebulifera. — The  Acineta  in  Stein's 
estimation  belonging  to  this  species  of 
Vorticella  is  foimd  upon  Lemna.  The 
pedicle  is  much  longer  and  the  body 
more  contractile,  and  therefore  more 
changeable  in  figure,  than  the  Acineta 
foimd  on  the  Cyclops.  When  at  rest, 
their  figm-e  is  more  or  less  compressed, 
and  ovate  or  pear-shaped,  ^vith  a  pro- 
minent angle  on  each  side  of  the  anterior 
margin,  from  which  a  bundle  of  radi- 
ating retractile  tentacles  extends.  Oval 
circular,  and  discoid  forms  aro  not  im- 
common.    The  stem  is  ela.stic,  curved, 


and,  as  a  rule,  longer  than  the  body  it 
supports,  and  is  hollowed  by  a  narrow 
canal.  It  expands  at  its  junction  with 
the  body  and  tlien  spreads  over  it,  form- 
ing an  external  sheath  or  capsule,  except 
in  the  region  supporting  the  tentacles, 
where  it  seems  to  be  either  absent  or  of 
great  tenuity.  Beneath  this  is  a  special 
covering  of  the  Acineta  body,  entirely 
investing  it.  Notwithstanding  these  co- 
verings, the  body  is  remarkable  for  its 
contractility  and  the  mutability  of  its 
figure.  It  also  enjoys  a  certain  amount 
of  movement  on  its  pedicle,  bending  ia 
this  and  that  direction  with  a  peculiar 
jerking  motion.  The  body  contains  an 
oval  nucleus,  and  from  one  to  three  con- 
tractile spaces.  It  developes  a  ciliated 
embryo.  The  length  of  the  body  is  from 
1-100"'  to  1-20"',  that  of  the  stem  not 
above  1-10"'. 

Zoothamnium  affine.  —  The  supposed 
Acineta  of  this  animalcule  was  found  by 
Stein  on  marine  Crustacea — ^the  Gam- 
marus  marinus  and  Splueroma  serrata, 
along  with  the  Zoothamnium.  It  appears 
identical  with  the  Acineta  tubei'osa  (Ehr.^. 
It  is  compressed,  campanulate,  or  pyn- 
form,  and  has  each  external  anterior 
angle  lobate  and  surmoimted  by  a  group 
of  tapering  and  radiant  tentacida.  An 
intermediate  prominence  is  also  fi.-equent, 
but  no  tentacles  spring  from  it.  The 
body  is  distinctly  enclosed  by  a  hyaline 
elastic  capsule,  which  is  extended  down- 
wards into  a  tubular  pedicle,  and  by  a 
softer  membrane  immediately  investmg 
it.  The  latter  becomes  especially  pro- 
noimced  when,  as  frequently  happens,  it 
is  throwTi  into  ti-ansverse  folds  in  its 
narrower  or  posterior  half  dmin^  the 
more  forcible  contractions  of  tlie  Dody. 
Length  from  1-63"'  to  1-24'"^  maximum 
of  stem  1-18"'. 

Carchesium  pyyvicemn.  —  Stein  lat- 
terly referred  to  this  species  an  Acineta, 
common  on  Cyclops,  and  which  he  at 
first  assigned  to  Epistylis  digitalis.  The 
stem  is  very  short,  often  with  difliculty 
erceptible,  but  never  wanting.  The 
ody  is  generally  pyriform  and  com- 
pressed; its  anterior  end  is  roimded  or 
truncate,  and  slightly  emarginate,  and 
supports  at  each  of  ita  angles  a  bimdlo 
of  tentacles.  Fi-equently  the  tentacula 
are  not  thus  grouped  in  two  masses,  but 
occupy  the  whole  anterior  margin  and 
the  sides  for  a  short  distance — a  circum- 
stance met  with  in  smaller  specimens 
wliich  have  a  circular,  o^  al,  or  reniform 
figure.  The  nucleus  is  oval  and  small. 
No  movements  in  the  body  are  discerni- 
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ble,  and  the  leng-theuing  and  shortening 
of  the  tentacles  is  very  slow.  This 
Acimta  developes  a  ciliated  embryo 
which  resembles  the  Halteria  Grandi- 
nella  (Duj.).  Maximum  length  1-30'''. 
Common  size,  diameter  1-50"'  to  1-40  . 

AciNETA  diademiformis  (xxni.  15-16). 
— Stein  describes   a  peculiar  Acineta 
foimd  upon  the  roots  of  Lemna,  under 
the  name  of  the  diadem-like  Acineta. 
Its    figure   is    compressed,  discifomi, 
ti-ansversely  oval  or  reniform;  and  it 
is  supported  on  its  somewhat  contracted 
base  by  a  short,  thick,  solid  stalk,  longi- 
tudinally striated,  and  often  marked  by 
a  few  transverse  lines.     The  stem  is 
always  so  short  that  the  body  looks  as 
if  sessile.    The  latter  is  enveloped  by 
a  thick,  sti'uctui-eless,  smooth  and  hya- 
line external  membrane,  and  by  a  second 
layer  beneath,  closely  investing  the  ani- 
mal mass.    On  the  free  margin  of  the 
body,  particularly  in  fi'ont,  a  number 
of  comparatively  thick  but  fine-pointed 
tentacles  are  disposed  at  slight  distances 
from  one  another.    These,  which  are  not 
clearly  capitate,  consist  of  a  delicate  mem- 
brane enclosing  a  finely  gi-anular  matter, 
and  are  prolongations  from  the  special 
membrane  of  the  body;  consequently 
they  have  to  perforate  the  outer  enve- 
lope ;  and  Stein  leans  to  the  opinion  that 
the  latter  is  an   excretion  from  the 
foi-mer.    Usually  the  tentacular  pro- 
cesses are  very  slowly  retracted:  how- 
ever, when  the  Acineta  is  much  distm'bed, 
the  shortening  takes  place  much  more 
rapidly,  and  renders  them  tortuous.  A 
long  band-like  nucleus  lies  across  the 
centre;  and  a  number  of  ti'ansparent 
vesicles  are  disposed  at  equal  intervals 
around  the  border,  like  a  row  of  peai-ls 
around  a  diadem.    At  long  intervals  pne 
or  another  of  these  sacs  is  seen  to  vanish, 
and  after  a  time  to  reappear  in  the  same 

Genus  OPHRYODENDEON.  —  Noticed  and  named  in  Lachmann 
Clanar^de's  paper  in  the  Ann.  cl.  Sc.  Nat.  1857.    No  description  given. 

Itt  saiVto  bo  a  very  singidar  animal,  doubtfuUy  referable  to  Acmetma 
found  parasitic  on  Campanulaxia  from  the  Norwegian  coast.    One  species  is 
named. 

OPHiiYODENnBON  fl6jeiMiM?n.— Characters  undescribed. 


place,  like  true  contractile  vesicles.  No 
contractions  of  the  body  are  observable  ; 
it  remains  stift"  and  motionless.  It  pro- 
duces a  large  ciliated  embryo,  which 
lies  transversely  across  it  in  its  special 
sac.  Maximum  breadth  1-14"' ;  height 
1-20'",  of  stem  1-100"'. 

The  stift'  solid  stem  and  the  remarkable 
band-like  nucleus  indicate,  says  Stein, 
its  derivation  from  some  large  species 
of  Epistylis.  It  is  the  same  organisni  as 
the  Acineta  Ferrum-equinum,  according 
to  Lachmann. 

A.  digitata  (xxin.  21). —Under  the 
name  of  the  fingered  or  digitate  Acineta, 
another  variety  of  this  class  is  charac- 
terized by  Stein,  who  failed  to  detect 
the  ciliated  Infusorium  to  which,  ac- 
cording to  his  hypothesis,  it  shoidd  owe 
its  origin.    It  was  found  on  some  Ento- 
mostraca,  and  had  a  stemless,  patella- 
shaped  or  ti'ansversely  oval  body,  ad- 
herent either  by  the  whole  surface  in 
apposition  or  by  the  central  portion  only. 
Its  upper  side  usually  presented  irregidar 
depressions  and  small  eminences,  and  was 
very  often  divided  into  an  anterior  and 
posterior  half  by  an  annular  consti-iction. 
From  the  entire  upper  surface,  or  only 
fi-om  its  anterior  section  when  the  centi-al 
constriction  is  present,  a  number  of  di- 
vergent, very  thick,  finger-lUre  tentacles 
spring,  apparently  without  order  and 
uon-reti-actile.    No  contractions  of  the 
body  were  witnessed ;  but  some  change 
of  outline  is  possible.    A  naiTow,  coiled 
nucleus  is  brought  into  view  by  acetic 
acid.    The  peculiar  contractile  vesicles 
are  wanting ;  but  fi-om  two  to  three  un- 
changeable clear  spaces  of  difterent  sizes 
exist.    Along  with  these  normal  speci- 
mens, others  occmTcd  having  a  smooth 
sm-face  and  no  processes.  Maximum 
width  1-30"':  ' 


height  1-58"'. 


and 


GROUP  III.— CILIATA  (p.  199  and  p.  266). 

.  „.vn„n  of  the  ciliated  Protozoa,  according  to  the  scheme  adopted,  ai-e 
'e^^lvSSto  two  dfins:-!,  mouthloss  (Astoma) ;  and  2,  those  ha.ng 
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a  mouth  (Stomatoda).  Of  the  former  wo  have  in  the  general  histoiy  de- 
scribed two  familes,  viz.  Opalina3a  and  Peridinicca  ;  and  we  shall  fii'st  pro- 
ceed to  give  a  sj^stematic  account  of  their  several  recognized  _  members,  and 
in  so  doing  rechstribute  certain  species  and  genera  otherwise  classed  by 
Ehi-cnberg, — for  instance,  several  Opallnce  described  among  the  Bursarice. 
Again,  in  the  systems  of  Dujardin  and  Pertj,  several  mouthless  genera  are 
enumerated  which  must  find  their  place  in  the  first  division  of  the  CiHata,  as 
adopted  by  us.  Such  are  the  Leucophiyina  of  Dujardin  generally,  together 
Avith  a  few  Ploesconieus  and  Ervihens,  and  the  Cobalina  of  Perty.  The 
Peridiniaea  of  Ehrenberg,  again,  include  two  genera,  Chcetotyplila  and  Clm- 
toglena,  which  should  rightly  find  a  place  among  Phytozoa ;  but,  to  avoid 
distiu'bing  the  classification  employed,  we  have  retained  them  in  the  same 
family. 

Among  the  Stomatoda  are  described,  not  only  the  families  enumerated  by 
Ehrenberg  (see  p.  377),  but  also  those  constituted  by  Perty,  Dujardin,  and 
others, — the  place  of  theii'  introduction  being  determined  by  the  Ehrenbergian 
group  to  which  they  appear  to  hold  the  greatest  alBnity. 

We  commence  the  systematic  account  of  the  Stomatoda  with  the  ill- defined 
and  imperfectly  observed  family  CycHdina,  and  take  the  other  Ehrenbergian 
families  in  the  order  shown  at  p.  377.  With  the  Yorticellina  the  Urceolarina 
of  Dujardin  and  the  Vaginifera  of  Perty  are  conjoined,  as  well  as  several 
genera  newly  instituted.  The  Ophiydina  embrace  additional  genera ;  and  the 
genus  Enchelia,  whilst  it  is,  on  the  one  hand,  deprived  of  the  very  heterogeneous 
organisms  introduced  into  it  by  Ehrenberg,  viz.  Actinojplirys,  Acineta,  and  Tri- 
chodiscus,  and  which  have  abeady  been  treated  as  subfamilies  of  Rhizopoda, 
it  has,  on  the  other,  appended  to  it  the  families  Tapinia,  Apionidina,  and 
Holoj)hryina  of  Perty,  besides  several  genera  named  by  this  naturalist  and 
by  Dujardin.  The  histoiy  of  Bursarina,  Decteria,  and  Cinetochilina  (Perty), 
is  included  in  that  of  the  Trachehna ;  and  that  of  Paramecina  (Duj.)  and 
Aphthonia  (Perty)  in  the  account  of  Kolpodea.  The  Oxytricliina  embrace 
the  Keronina  (Keroniens)  of  Dujardin ;  lastly,  the  Euplotina  comprehend  the 
Ploesconieus  and  Ervihens  of  the  same  writer. 

Division  A.— ASTOMA. 
FAMILY  I.— OPALIN^A.   (Part  I.  p.  267.) 
(XXII.  46,  47  ;  XXVI.  28,  29.) 

Ciliated  parasitic  Protozoa,  consisting  of  a  more  or  less  oval  sac,  which  resem- 
ble in  figm-e  many  Bursarice,  and,  although  often  presenting  an  anterior  fold 
or  fossa,  have  no  mouth.  They  contain,  liesides  the  usual  molecular  matters, 
a  granular  nucleus,  and  multiply  by  transverse  fission.  A  globular  contractile 
vesicle  IB  absent  in  aU ;  but  in  0.  Planariarum  and  0.  uncinata  (of  Schultze) 
an  elongated  pulsating  sac  occurs,  recalUng  in  character  the  so-called  dorsal 
vessel  of  various  higher  animals ;  and  in  others,  instead  of  a  contractile  vesicle 
numerous  irregularly-disposed  saccular  spaces  occur.  The  nucleus  is  not  dis- 
coverable m  0.  Ranarum,  whilst  in  0.  hranchiarum  one  of  unusuaUy  large 
volume  IS  found.  Opalino}  are  probably  lai-vte  of  various  vermes,  and  not 
maependent  organisms. 

Genus  OPALINA.— The  characters  the  same  as  those  of  the  subclass.  It 
will  bo  seen  in  the  foUomng  specific  descriptions,  that  many  of  tlic  Opallmv, 
have  been  described  by  other  systematic  writers  as  members  of  genera  of 
btomatocla,  such  as  Bursaria,  Leucojihrys,  and  Faramecium.  Stein  has  de- 
voted much  attention  to  the  Opalincv  ;  and  we  accept  his  determination  of  the 
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characters  and  distinctions  of  species,  along  with  the  names  he  has  assigned 
them. 

The  genus  Opalina  was  constituted  by  Purkinje,  and  has  been  generaUy 
accepted.  Dujardrn.  introduced  Opalina  into  his  family  Leucophryina  along 
■with  Leucojphrijs  and  Spathidium,  and  characterized  that  family  as  of  a  com- 
prcssed-oval  or  oblong  figui-e,  clothed  with  closely-arranged  cdia  in  regular 
series,  and  apparently  destitiite  of  a  mouth. 


Opalina  Rananim  —  JBursaria  Rana- 
rum  (E.). — The  mouth  described  by 
Ehrenberg  in  this  species  is  merely  a  fold 
of  the  surface,  as  may  be  proved  by  add- 
ing a  dilute  solution  of  iodrae,  of  alcohol, 
or°of  acetic  acid,  which  wHl  cause  the 
animal  to  swell  vip  and  evenly  distend 
the  entu-e  surface.  Stein  coidd  find  no 
micleus.  This  species  is  common  in  the 
intestine  and  bladder  of  frogs.  Perty 
makes  it  to  include  besides  Biirsaria 
Ranarum  (E.),  also  B.  Entozoon,  B. 
Nucleus,  and  probably  B.  intestinalis. 

O.  Planariarum  (Siebold)  =  O.  poly- 
morpha  (Schultze).  —  The  body  has  the 
form  of  a  long  cylindrical  sac,  pointed  and 
wedge-shaped  posteriorly,  and  expanded 
in  fi-ont  as  a  remarkable  semicircvdar 
disc,  by  the  central  part  of  which  it  ad- 
heres to  the  sm'face  of  the  intestine  it 
occupies,  the  border  bein^  crowned  with 
a  wreath  of  long  cilia.    1  be  actual  point 
of  attachment  appears  destitute  of  ciha ; 
butthe  posteriorsm-face  is  thicldy  studded 
with  shorter  ones.    The  contents  consist 
of  a  homogeneous  molecidar  substance, 
■with   munerous    interspersed  hyaline 
spaces.    A  long  pulsating  vesicle  (or, 
from  its  length,  a  vessel)  and  a  nucleus 
are  also  seen  within  the  interior.  The 
pulsating  vessel  extends  to  the  extreme 
point  of  the  body  behind,  just  beneath 
the  integment,  but  not  in  union  with  it, 
and  terminates  on  the  anterior  side  of 
the  semicircidar  process  in  front.  Its 
walls  are  structureless  and  transparent ; 
and  by  its  alternate  contractions  and  ex- 
pansions it  pushes  forth  the  contained 
water  alternately  from  each  end.  The 
position  of  the  nucleus  in  the  interior  is 
not  constant;  it  consists  of  a  finely 
granidar  mass  containing  some  larger 
granules,  and  is  sharply  defined.  Fission 
IS  transverse,  the  nucleus  and  contractile 
vessel  dividmg  consentaneously  with  the 
body     Stein  could  not  discover  the 
orifices  at  the  end  of  the  pulsating  vessel 
described  by  Schidtze.    Maximiun  size 
1-3'"  in  length;  breadth  1-20'";  length 
of  nucleus  1-25"'. 

0.  Lumhrici.  (Stein). -Is  repvesented 
by  Lencophrys  striata  and  L.  noMaia 
(Duj.),  the  latter  being  an  altered  iorm 


of  the  former,  dependent  on  irregular 
endosmosis  of  the  water  in  which  it  is 
placed.  Transverse  fission  occm-s  in  aU 
sizes,  which  vary  from  1-60"'  to  1-14"'. 
Parasitic  in  earth-woi-ms  (Lumhrici). 

0.    armata    (Stein)  =  0.  Lunibrici 
(Tiv!].). — Has  an  oval  compressed  figure 
like  the  foregoing,  from  which_  it  diflfers 
by  having  a  strong,  homy,  imcinate  pro- 
cess at  the  anterior  extremity,  on  the 
under  surface  of  the  body,  and,  extending 
from  it,  a  fold  of  the  sm-face.    The  other- 
wise homogeneous  and  finely  granular 
nucleus  is  remarkable  by  exhibiting  a 
greater  or  less  number  of  sohd_  oval 
nuclei  and  elongated  rods.  Specimens 
of  this  species  are  peculiar  by  their  uni- 
formity of  size,  which  somewhat  exceeds 
that  of  the  largest  0.  Lumhrici,  being 
from  1-12"'  to  1-8"' :  hence  Stein  pre- 
sumes that  0.  armata  is  nothing  more 
than  a  further  developed  phase  of  O. 
Lumhrici,  from  which  it  difiers  only  m 
size  and  in  the  presence  of  the  prehensile 
apparatus.    He  smmises  fui-ther  that 
this  and  other  Opalince  may  be  members 
in  the  chain  of  development  of  worms. 

0.  Anodontce  (Stem)  =  Leucophrys 
^wofZonte(E.).— Mouthless,  oval,  tm-gid, 
transparent ;  ciliated  equally  throughout. 
1-36"'.  Paa-asitic  in  Anodonta  and  My- 
tilus  edidis.  _ 

0.  hrancliiarum. — Is  characterized  by 
its  very  large  nucleus,  which  equals  in 
volume  the  half  of  the  entire  organism. 
Its  contom-  is  also  similar ;  and  it  might 
be  taken  for  an  imprisoned  animal. 
Common  in  the  ovisacs  of  Gammarus 

0.  lineata  (Schultze).  —  Is  without 
uncini,  and  has,  like  the  last,  a  very  lai-ge 
nucleus.  In  Ndis  littoralis  (see  Schidtze  s 
work  Beitriiqe  %ur  NaturgescMchlc  der 
Turhellaricn',  Greifswald,  1851,  P- 09). 

0.  mudos  (Duj.)  (xxvi.  28,  29).— Is, 
hke  the  preceding,  imfumished  with  a 
prehensile  apparatus.  Figiu-e  ov.al,  or 
very  elongated  and  nearly  cylindrical, 
louoitudinally  and  transversely  sti-iated : 
the  fold  extends  from  the  anterior  ex- 
tremity nearly  to  the  middle.  Numerous 
clear  spaces  in  tiio  interior,  irregularly 
distributed.    l-22"'lol-ir".  Parasitic 
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in  Na'is  (one  of  the  Annelida)  (xxi.  28, 
29). 

0.  uncinata  (Scliiiltze).  —  Eeseniblea 
O.  Planariariim  in  general  organization  ; 
it  has  the  same  sort  of  pulsating  vessel, 
and  a  similai"  nucleus ;  it  multiplies  by- 
transverse  fission,  and  differs  from  all 
other  Iniown  Opalirue  by  having  a  pail" 
of  strong,  homy  uncini  at  the  anterior 
extremity,  one  on  each  side  of  the  median 
line,  giving  it  a  bilateral  character.  Stein 


supposes  this  amiature  replaces  the  usual 
fringe  of  cilia,  in  the  animals  after  having 
attained  a  certain  age  or  stage.  In  the 
interior  of  Planaria  Ulva,  &c.  1-120". 

0.  Tritonis  (Perty). — Discoid,  rounded 
in  front,  with  a  loop-like  depression; 
colourless.  1-336".  Revolves^  on  its 
shorter  axis.  Parasitic  in  the  intestine 
of  Triton  oistatus  (the  crested  Water- 
newt).  Is  very  like  0.  Ranarum,  and 
requires  fm-ther  examination. 


O.  Nucleus  =  Bufsaria  Nucleus ;  0.  Entozoon  =  Bursaria  Entozoon ;  O.  intestinalis 
=  JBursaria  intestinalis.  These  three  presimied  species  are  nothing  more  than 
different  phases  of  gi-owth  and  development  of  Opalina  {Bursaria,  Ehr.)  Ranarum. 
We  have,  however,  retained  the  brief  notes  of  their  characters  as  Bwsarice  given 
by  Ehi-enberg. 

PAMILY  II.— COBALIKA  (Perty). 

Animals  parasitic ;  either  with,  or  without  a  mouth  ;  most  of  them  receive 
only  the  juices  of  other  animals.  Body  mostly  flattened,  oval,  elliptic,  or 
reniform,  with  numerous  rows  of  very  delicate  cilia,  and  often  with  an  un- 
cinate variety  on  the  under  surface.  An  oral-looking  depression  or  fold  fur- 
nished with  stronger  cilia  commonly  perceptible  ;  but  several  have  no  such 
indication  of  a  mouth.  Only  those  living  externally  upon  animals  are  capable 
of  receiving  soHd  nourishment.  In  internal  functions  and  in  form  they  pre- 
sent a  general  uniformity  and  agreement,  and  are  equally  peculiar ;  they 
occupy  a  lower  position  than  free  living  forms  similar  to  them  ;  their  move- 
ments are  simply  automatic  in  character. 

a.  With  roius  of  cilia  above,  and  uncini  beneath. 

Genus  ALASTOR. — The  type  of  this  genus  is  the  Kerona  Polyporum 
(Ehr.),  and  is  called  Alastor  Polyporum. 

b.  With  delicate  cilia  both  above  and  beneath.    Receive  only  the  juices  of 

other  animals. 

Genus  PLAGIOTOMA(Duj.)  {vide  Eamiiy  Teachelina). 
Plagiotoma  X?«m6r««;  Pl.  Conclmrum ;  Pl.  (?)  difformis. 

Genus  LEUCOPHRYS  (Duj.)  {vide  ante,  p.  570,  Opalina  Lumbrici). 
Leucophbys  striata. 

Division  B.— STOMATODA. 

FAMILY  I.— CYCLIDINA. 
(X.  209-212). 

Lloricated  Polygastrica  devoid  of  eye-specks  and  of  true  alimentary  canal, 
and  having  but  one  alimentary  aperture,  fm-nishcd  vnth.  cilia  or  bristles,  the 
vanous  groupings  and  relations  of  which  afford  characters  for  the  discrimina- 
tion of  the  genera ;  gastric  cells  (vacuoles)  have  been  observed  in  two  s]oecies 
of  Oycluhum.  Locomotion  is  effected  by  the  vibratile  ciKa  and  a  iihuucnt 
procecdmg  from  the  anterior  extremity. 

The  genera  are  distributed  as  foUows :  

f  Body  compressed— cilia  arranged  in  a  single  ]  p„„i;j;, 
Body  furnislied  with  ciha  ]     circle  °  ° . .  ]  Cvclidium. 

I  Body  round— cilia  scattered  nil  over   Pantotricluun. 

Body  furnished  with  bristles   Cha-tomonas. 
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This  fiimily  has  no  corresponding  one  in  the  system  of  Dujardin.  Some  of 
its  members  are  represented  in  the  family  of  the  EncheUna  as  members  of  the 
genera  Acomia  and  Enchelys.  The  genus  Cyclidium  (Duj.)  is  included  among 
the  Monadina  of  that  author  (p.  497),  and  inchides  beings  fui-nished  Avith  a 
filament,  but  destitute  of  mouth  and  cUia — characters  not  at  aU  analogous  to 
those  given  by  Elu-cnberg  to  his  genus  of  this  name. 

Perty,  moreover,  has  not  retained  this  family  in  his  system,  although  ho 
accepts  the  genus  Cyclidium,  which  he  refers  to  a  family  called  "  Tapinia," 
where  it  is  associated  with  Acomia  (Duj.),  with  Leucophrys  (Ehr.)  or  Trichoda 
(Duj.),  and  with  the  following  newly-instituted  genera:  viz.  Acropisthium, 
Bceonidium,  Opisthiotriclia,  Siagontherium,  and  Megatricha, — a  set  of  terms  not 
recommending  themselves  by  their  euphony,  and,  we  presume,  not  wanted  in 
a  true  systematic  distribution  to  express  distinct  and  independent  forms  of 
ciliated  Protozoa.  However,  to  render  our  resume  complete,  these  presumed 
new  genera  are  appended  to  the  family  of  Enchelia,  to  which  several  of  theii- 
species  are  referred  by  Ehrenberg. 

The  family  Cyclidiua  (Ehr.)  would,  in  all  probability,  disappear  from  a 
revised  system  of  classiiication.  Thus  Cyclidium  appears  to  be  only  an  em- 
bryonic phase  of  other  animalcules,  and  Pantotriehum  and  Chcetomonas  are 
not  sufficiently  characterized  and  examined  by  Ehrenberg  to  enable  us  with 
certainty  to  recognize  them,  or  to  determine  then-  affinity.  Moreover,  the 
beings  brought  together  under  these  genera  are,  some  of  them  at  least,  veiy 
doubtfully  referable  to  them,  and  have  been  so  casually  examined  that  their 
identification  would  be  difficult.  The  ova  and  the  polygastric  organization 
mentioned  ia  Ehrenberg's  account  are  matters  only  of  hypothesis. 

Genus  CYCLIDIUM. — Body  compressed  discoid,  provided  with  a  simple 
circular  row  of  cilia.  In  C.  Glaucoma  alimentary  vacuoles  are  distmct.  The 
mouth  is  a  rounded  opening,  situated  upon  the  imder  smface  of  the  body, 
either  close  at  the  anterior  extremity,  or  towards  the  centre.  The  organs  ot 
locomotion  consist,  as  in  Kerona  and  StylonycJiia,  of  a  number  of  cilia-hJce 
feet,  situated  on  the  margin  of  the  abdomen.  It  has  been  thought  that 
longitudinal  hues,  produced  by  rows  of  very  deUcate  cHia,  were  present;  li 
so  and  an  anal  opening  be  discovered,  C.  Glaucoma  would  rank  A^ath  the 
Oxytrichina  Fission  transverse.  Siuce  Ehrenberg  wi'ote  these  obsei-vations 
Lachmann  has  described  not  only  a  mouth,  but  also  an  anus  on  the  ventral 
surface  near  the  posterior  extremity.  This  statement,  taken  in  connexion 
with  another,  that  some  at  least  of  the  forms  of  Cychclmm  are  embryomc 
stages  of  other  animalcules,  leaves  tHs  genus  in  the  greatest  uncertainty  both 
as  to  its  independent  existence  and  its  systematic  position 

CYCLrDiTJM  Glaucoma  (M.).— Oblong- 
elliptic,  abdomen  friaged  with  cilia ; 
delicate  longitudiaal  strise  are  observed 
upon  the  back.  In  swimming,  it  re- 
sembles Gi/riniis,  or  Notonecta,  a  weU- 
Imown  little  black  water-beetle  (see 
Microscopic  Cabinet,  pi.  4).  Sometimes 
the  movement  is  very  quick;  at  other 
times  the  animalcules  remain  for  awhile 
stationary,  and  then  presently  spring 
with  a  curvettmg  motion  to  another 
spot.  Fomierly  this  species  was  con- 
founded with  Glaucoma  scinhUam,  but 
is  much  smaller  (x.  209  is  a  side  view, 


verse  self-division).  They  are  repre- 
sented as  fed  ^^^th  indigo.  Abimdant 
ia  vegetable  infusions  in  the  spring. 
1-2880"  to  1-1150". 

Betwixt  this  species  and  Enchelys 
noclulosa  (Diii.)  there  is  a  complete 
ao-reement.    The  body,  on  a  txausverse 


section,  is  triaugidnr ;  hence  it  is  (says 
Perty)  that  Dujardin  has  described  it  as 
sometimes  assunung  a  triangular  form. 
Chlorophyll  grauides  are  occasionallj 
seen  internallv.  Steui  identifies  the 
embryo  of  Chilodon  Ciiciillulm  with  tins 
species  of  Ci/clidium,  which  he  would 
^?'"S^'^'\nr;iin''fio-' 211  a  dorsal  view';  therefore  exclude  from  ihc  category  of 
fnSli^;ilt%:d^  tnms:    independent  animulcides.  Intcrnally,th. 


OF  THE  CYCLIDINA. 


573 


excellent  observer  also  describes  a  con- 
tractile vesicle  and  a  discoid  nucleus ; 
tlie  former  is  the  clear  space  mistaken 
by  Khrenberg  for  a  mouth.  At  the  same 
time  he  considers  an  oral  apertiu'e  most 
probably  exists  somewhere  near  the 
middle  of  the  oraauism,  since  he  has 
seen  the  entrance  of  solid  particles  into 
the  interior.  Perty  maltes  C.  Glaucoma 
STOonymous  also  ■«'ith  Enchelys  triquetra 
(Ehr.),  and  probably  with  the  Para- 
mecium Milium  and  Ci/clidium  Milium  of 
jNIiiller.  In  his  system  it  is  a  member  of 
the  family  Tapinia,  where  it  is  conjoined 
with  some  species  of  Leucophrys,  with 
Acomia  (Duj.),  and  several  newly- 
created  genera. 

0.  maryaritaccum. — Orbicular,  ellip- 
tical ;  the  posterior  end  slightly  excised  ; 
the  dorsal  smface  with  distinct  longi- 
tudinal lines  ;  cilia  not  distinct.  1-1500" 
to  1-1000". 

This  species  is  separated  by  Perty  from 
Glaucoma,  and  constitutes  in  his  system 
the  representative  of  a  genus  he  names 
Cinetochilum,  which,  with  Glaucoma, 
forms  the  family  Cinetochilina  (vide 


Glaucoma).  The  Cin.  margaritaceum  is 
characterized  as  a  short  elliptical  animal, 
rather  compressed  and  with  its  vibratile 
flap  on  the  posterior  half,  colourless  and 
transptu'ent.  Movements  quick;  rota- 
tion on  its  axis  rare.  Cilia  very  short. 
Fission  transverse.  1-810"  to  1-720". 
Lachmann  {A.  N.  H.  xix.  216)  appears 
to  approve  of  the  systematic  position 
assigned  by  Perty  to  this  being. 

C.  (F)  planum.  —  Oblong-elliptic, 
smooth ;  cilia  but  little  marked.  1-2640". 

G.  (?)  lentiforme.  —  Smaller  th.an  C. 
planum,  and  has  no  distinct  strite  or  cUia, 
1-3180". 

C.  Arborum.  —  Small,  suborbiciilar, 
slightly  excised  laterally;  dorsum  ru- 
gose ;  margin  everywhere  ciliated.  Diam. 
1-192"'.  Marginal  cilia  used  in  the  way 
of  feet;  swims  rapidly.  Fission  trans- 
verse.   On  moss  of  trees. 

This  animalcule  is  identified  by  Cohn 
(Siebold's  Zeitsch.  1851,  p.  273)  with  the 
embryo  developed  by  Loxodes  (JParame- 
dmn)  Bur  sarin.  If  this  be  the  case,  it 
must  be  rejected  from  the  list  of  inde- 
pendent species. 


Genus  PANTOTEICHUM.— Body  tiu-gid,  covered  with  moveable  cilia.  In 
P.  Enclielys  gastric  cells  (vacuoles)  are  distinctly  visible.  Granules,  green  or 
yeHow,  occupy  the  interior.  Ehrenberg  says,  "  The  absence  of  a  double  ali- 
mentary aperture  is  not  yet  proved ;  nor,  on  the  other  hand,  is  its  existence." 
Pantotnchum  is  not  received  by  Perty  as  an  independent  genus,  hut  is  com- 
prehended by  him  with  Lagenella  and  Chcetoghna,  under  the  common  appel- 
lation Chonemonas,  and  placed  among  the  Thecamonadina. 

Ovate,  spherical,  of  a  gi-een  colour.  In 
brackish  water.  1-860". 

P.  Lagenella. — Ovate,  the  ends  equally 


Pantotbichijm  Enchelys. — Cylindii- 
cal,  oblong,  rounded  at  both  ends ;  hya- 
line at  extremities  and  turbid,  the  centre- 
coloiu-  pale  yellow,  x.  212  is  a  cluster 
of  animalcules;  those  to  the  left  are 
more  highly  magnified  than  the  others. 
In  swimming  they  revolve  and  glide 
along  in  the  direction  of  the  longer  axis 
of  the  body.  In  infusions  of  raw  flesh. 
1-1150". 

P.  volvox  {Leucophrya  viridis,  M.). — 


roimded,  anterior  ciliated  portion  pro- 
duced in  the  form  of  a  neck  or  beak. 
Amongst  Confervaj.   1-1080"  to  1-570". 

Schneider  {A.  N.  11.  1854,  p.  329)  de- 
scribes this  species  as  forming  ai-ound 
itself  a  cyst,  which  completely  retains 
the  flaslc-like  form  of  the  bod}^,  when  the 
animalcule  enters  on  a  state  of  rest. 


Genus  CHiETOMONAS.— Motion  slow,  and  leaping  by  means  of  the  bristles 
on  the  body,  which  are  not  vibratHe.  Internal  organization  very  little  known. 
They  are  parasites,  living  on  the  dead  bodies  of  other  Infusoria,  and  in  infu- 
sions of  flesh  or  other  ammal  matters.  A  vibration  is  seen  at  the  mouth  •  but 
whether  it  is  produced  by  a  filament  or  by  cilia,  is  uncertain.  In  C.con- 
stncta,  transverse  self-division  is  thought  to  have  been  seen. 


CHiETOMONAS  Glohulm.  —  Almost 
spherical,  of  an  ash-colom-,  furnished 
with  setfc  or  bristles.  It  often  has  the 
figure  of  Monas  Guttula,  but  is  larger; 
sometimes  two  cluster  together.  lu 
bad-smelling  infusions  of  animal  matter 
along  with  Pardofrichum  Enchelys,  Monas 


Tcrmo,  (Sec. ;  also  in  the  dead  fronds  of 
Closferi  um  accrosum,  as  shown  at  x.  113. 
1-2880". 

C.  constricta.  —  Transparent,  oblong, 
sliglitly  constricted  at  the  middle,  and 
having  two  seta3  or  bristles,  Li  dead 
Hydatina  soda.  1-5760". 
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FAMILY  II.— PEKIDINLEA.   (Part  I.  p.  271.) 
(PL  X.  214^226  ;  XII.  47  ;  XXXI.  16-23.) 

Infusoria  without  an  alimentary  canal,  covered  with,  a  lorica,  upon  which  cilia 
or  sette  are  often  arranged  in  the  form  of  a  zone  or  crown — hence  the  name. 
The  lorica  has  only  one  opening.  Three  out  of  the  four  genera  have  a  fila- 
ment besides  the  wreath  of  cilia  around  the  middle  of  the  body,  or  scattered 
cilia  or  bristles.  In  only  Peridinium  Fulvisculus  and  P.  cinctum  have  artificial 
means  succeeded  in  demonstrating  the  admission  of  food,  the  internal  organi- 
zation being  greatly  obscui-ed  by  the  mass  of  coloured  opake  granules,  which 
Ehrenberg  called  ova.  A  nucleus  and  a  red  stigma  (eye,  Ehr.)  are  discover- 
able in  some  species. 

The  genera  are  disposed  as  follows : — 

r  no  eve    Chaetotyplila. 

Lorica  having  stiff  bristles  or  short  spmes — ^no  transverse  I 

furrowed  zone  |  eye  present   Chaetoglena. 

,  ,  ^  r  no  eye    Peridinium. 

Lorica  smooth  or  rough — a  cihated  transverse  zone  pre-  J 

sent   I  eye  present   Glenodinium. 

Some  of  the  presumed  species  have  been  found  only  in  a  fossil  state  in  flint. 

Dujardm  constitutes  a  family  Peridiniens,  agreeing  in  the  main  vnth  that 
of  Ehrenberg,  and  thus  narrates  its  characters:  "Animals  without  known 
internal  organs ;  enveloped  in  a  regular,  resistant,  membranous  lorica,  which 
sends  off  a  long  flagelliform  filament,  and,  in  addition,  has  one  or  more  furrows 
beset  with  vibratile  cilia." 

The  lorica  would  appear  to  have  no  opening  ;  for  foreign  bodies  and  colour- 
ing matter  are  not  seen  to  enter  it.  Several  have  their  lorica  prolonged  into 
hom-like  processes ;  and  some  exhibit  a  coloiu^ed  point  (eye-speck).  They 
are  distinguished  from  Thecamonadina  by  the  ciliated  furrow  or  furrows. 

Dujardin  observes  that  "  as  the  fii'st  two  of  Ehrenberg's  genera  are  with- 
out the  furrow  and  vibratHe  cilia,  and  have  only  a  filament  as  a  locomotive 
oro'an,  they  are  evidently  akin  to,  and  not  separable  from  the  Thecamonadina, 
uiSess  spines  or  asperities  of  the  lorica  are  to  be  taken  for  cilia.  Again,  the 
so-caUed  eye-speck  is  not  a  sufficient  generic  distinction  between  Peridmmm 
and  Glenodinium  ;  the  former  genus,  moreover,  should  only  include  spherical 
animalcules,  whilst  those  concave  on  one  side,  and  exhibiting  horns,  will 
rightly  form  a  distinct  genus — Oeratium." 

Perty  coincides  with  Dujardin  in  detaching  CliaitotypUa  and  ChwtogJena 
from  the  Peridinieea,  and  in  uniting  them  with  Thecamonadina.  Chwtoglma 
he  merges  with  Pantotrichum  and  Lagenella  in  a  genus  which  he  names  Chone- 
monas  (p.  513).  His  Peridiniasa  comprehend  three  genera,  viz.  Ceratmm, 
Glenodinium,  and  Peridinium:  the  first  characterized  by  a  ceHiilar  lonca 
prolonged  into  horns ;  the  second  by  a  ceUular  not-horned  lonca ;  and  the 
third  by  a  stinictureless  lorica.  A  reference  to  the  figui-es  of  Clicetoglma  and 
ChcetotvpMa  is  sufficient  to  show  that  these  two  genera  have  no  claim  to  be 
ranged  with  Peridinium:  the  former,  in  particular,  indicates  in  its  stnicture 
and  general  appearance  a  member  of  the  Cryi^tomonadina ;  and  the  latter,  it 
not  a  member  of  the  same  order,  is  certainly  not  one  of  the  Peridmitea  but 
probably  the  encysted  state  of  some  animalcule.  The  imperfect  descriptions 
a  taTed  to  these  genera,  and  the  absence  of  sufficiently  distmctive  featiu-cs 
in  theS  iUustrations,  reM  their  exact  identification  with  snnilar  known 
foms  a  matter  of  difficulty,  if  not  of  impossibihty.    Again,  the  special  differ- 
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ential  character  between  Olenodinium  and  Peridiniwm,  viz.  the  existence  of  a 
red  speck  in  the  former,  is  worthless ;  and  were  no  other  peculiarities  discover- 
able, the  two  genera  should  be  merged  into  one.    However,  the  elongation  of 
the  lorica  into  horn-like  processes  supplies  a  differential  character  sufficient 
at  least  to  constitute  two  genera  out  of  tlicir  several  members.  Ekrenberg  re- 
cognized this  iudication  of  a  division,  and  adopted  it  for  his  eyeless  Peridinitea, 
making  two  sections : — 1,  Peridinium  proper ;  and  2,  Ceratium,  homed  Peri- 
dinia.  Perty,  we  have  seen,  uses  the  same  structural  peculiarity  as  a  generic 
character,  but,  in  addition,  makes  a  third  genus,  marked  by  the  absence  of 
sculpturing  on  its  lorica.    This  basis  we  hold  to  be  iusufficient  for  a  generic 
distinction ;  and  the  whole  of  the  Peridiniasa  proper  appear  to  us  reducible  to 
the  two  genera  Peridinium  and  Ceratium;   Glenodiniiim  we  would  conse- 
quently cancel.    The  rejection  of  Ehrenberg's  views  of  internal  organization, 
and  of  two  of  the  four  genera  he  classed  as  Peridiaisea,  renders  a  revised 
description  of  this  family  necessary.    In  attempting  this,  we  may  state  that 
the  Peridinisea  are  animalcules  having  an  external,  condensed,  chitinous  inte- 
gument forming  a  lorica,  lined  by  a  contractile  membrane  immediately  invest- 
ing the  organic  contents.    No  actual  oral  opening  is  satisfactoiily  made  out ; 
but  in  most  species  a  deep  fossa  or  fissure  is  found,  from  the  bottom  of  which 
a  flabeUum  extends,  mostly  twice  or  more  than  twice  the  length  of  the  body. 
Their  figure  is  more  or  less  globular  or  ovate ;  and  sometimes  the  lorica  is  ex- 
tended into  two  or  tkree  long  horn-hke  processes,  giving  the  whole  being  a 
very  bizarre  appearance.  A  deep  furrow  surrounds  the  body  as  a  zone,  and  in 
some_  species  a  vertical  prolongation  of  it  extends  to  one  pole.    These  furrows 
are  richly  ciliated ;  yet  the  ciha  do  not  appear  confined  to  them,  as  Ehrenberg 
supposed,  but  may,  at  least  in  one  species,  cover  the  entii-e  siu'face.  The 
interior  is  occupied  by  masses  of  usually  strongly- colom-ed  brownish  yellow,  or 
reddish  or  greenish  brown,  rendering  the  animalcules  very  opake.    In  some 
species  an  oval  nucleus  has  been  seen  ;  and  its  presence  is  presumable  in  all. 
A  contractile  vesicle  has  not  yet  been  demonstrated.    They  multiply  by 
transverse,  and  it  may  be  also  by  longitudinal  fission.  P.  uherrimum  has  been 
found  m  a  quiescent  condition;  and  doubtless  some  mode  of  propagation  exists  • 
Perty  endeavours  to  prove  it  is  by  internal  germs.    The  zone-like  ciliary 
furrow  may  be  adduced  as  the  leading  characteristic. 

Genus  CMTOTYPHLA.-Lorica  siHcious,  hispid  or  spinous,  destitute  of 
a  transverse  fuiTow  or  zone,  and  of  stigma;  surface  covered  with  little  spines 
and  bristles,  which  appear  stronger  at  the  posterior  portion  of  the  body  The 
lonca  may  be  crushed  by  pressure,  and  the  Httle  creatm-e  within  it  be  set  at 
liberty.  In  awimmmg  it  revolves  upon  the  longitudinal  axis,  probably  by 
means  of  a  dehcate  fiMorm  proboscis,  or  of  ciha  at  its  mouth ;  no  such  organs 
however,  have  been  seen.  Of  the  internal  organization,  nothing  positive  is 
kno^  One  species  has  been  discovered  in  flint,  and  so  closely  resemble 
Xantlndium,  that  it  is  often  mistaken  for  it.  xcct,muii.b 


CHiETOTYPiELA  wrmate.— Ellipsoidal, 
broi,vn,  ends  rounded;  covered  posteri- 
orly with  short  spines,  where  there  is  a 
circlet  of  black  spots,  as  shown  in  the 
end  view,  x.  215.  The  anterior  cilia,  or 
fane  bristles,  are  sometimes  very  indi- 
stinct; x.  214  is  a  variety  in  which  thev 
strongly  marlced.  In  clear  water, 
ngst  Confervffl.  1-620". 


are 
among-st 


C.  as^jera.— Brown,  oblong,  rounded  at 
both  ends,  and  rough,  with  short  bristles ; 
the  httle  spines  are  scattered  without 
order  at  the  posterior  end.  Found  with 
the  preceding.  1-570". 

C.  (?)  Puritcc. — Oblong  cylindrical, 
rounded  at  iDoth  ends,  and  provided  with 
delicate  elongated  bristles,  but  no  spines. 
Fossil  in  flint,  near  Delitzsch.  1-1150". 


Genus  CIIyETOGLENA.-Lorica  silicious,  destitute  of  a  transverse  zone 
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or  furrow,  but  striped  or  covered  with  spino.s  or  stiff  liairs,  and  having  an 
eye-speek.  The  organ  of  locomotion  is  a  simple  flabellum.  The  inteiior 
contains  scattered  transparent  vesicles,  and  a  brownish-green  granular  mass ; 
a  large  bright  spot  or  nucleus  is  also  visible.    Self-division  not  observed. 

Ch^toglena  volvocina. — Ovate,  with 
brownish-gi-een  granules,  and  a  red  eye  ; 
between  the  lorica  and  the  soft  body  a 
beautiful  red  rmg  is  visible  in  live  spe- 
cimens (x.  216,  218).    Amongst  Confer- 


vse  at  Hampstead  and  Hackney.  1-1150". 

C.  caudata.  —  Hispid,  ovate,  with  a 
short  tail ;  gi'auules  green ;  ocellus  clear 
red ;  oral  margin  urceolate  and  dentate. 
1-864".  Berlin. 


Genus  PEEIDIIS'IIIM. — Lorica  membranous,  with  a  transverse  ciliated 
zone ;  no  eye.  The  locomotive  organs  are  a  filament  and  the  zone  of  cilia. 
In  P.  Pulvisoidm  and  P.  cinctwn,  indigo  and  carmine  are  received,  and  de- 
monstrate the  formation  of  vacuoles,  which  in  P.  acuminatum,  P.  fulvum, 
and  P.  cornutum  are  visible  without  having  recoiu'se  to  coloui-ed  food.  The 
oral  aperture  is  found  in  a  hollow  near  the  centre,  as  in  Bursaria.  The 
gTannles  are  generally  of  a  brown  or  yellowish-brown  colour,  though  some- 
times green  or  even  almost  coloiudess.  In  P.  Trij)os  and  P.  Fusus  an 
oval  nucleus  is  visible.  Self- division  is  longitudinal  in  P.  Pulvisculus  and 
P.  fuscum ;  and,  according  to  some  observers,  transverse  in  P.  Fusus  and 
P.  Tripos. 

The  structural  peculiarities  are  sufficiently  described  in  the  chapter  on 
Peridinieea  (p.  271).  The  existence  of  a  mouth  and  the  entrance  of  food  are 
stUl  matters  of  doubt.  A  nucleus  is  probably  present  in  all ;  and  the  same 
may  be  said  of  the  flabeUum,  which  subsequent  observers  have  distinctly 
found  in  cases  where  it  eluded  the  observation  of  Ehrenberg.  "  PossU.  Peri- 
clinia,"  says  Perty,  "  are  not  found  in  recent  geological  formations,  but  only 
in  the  chalk  beds  of  the  secondary  strata,  in  which  they  occm-  with  Xan- 
thidia  (Ehr.)  and  Pyondiculce" 

a.  Peridinia  without  Jioms. — Peeidinium. 


PEBrDiNiTJM  cinctum  (  Vorticella  cincta, 
M.). — Nearly  globidar,  or  slightly  three- 
lobed  and  smooth,  with  a  zone  of  cilia ; 
not  luminous.  It  swims  slowly,  with  a 
vacillating  and  rolling  motion.  Amongst 
Confervffi.  1-570." 

Instead  of  the  red  zone  noted  byEhi-en- 
berg,  there  may  be  only  a  single  speck, 
or  even  it  may  be  absent. 

P.  Pulvisculus. — Small,  of  a  brown  or 
greenish-yellow  colour,  and  not  lumi- 
nous ;  almost  spherical,  or  slightly  three- 
lobed;  a  fine  filament  2i  lines  longer 
than  the  body  may  be  observed ;  mmie- 
rous  vacuoles  produced  by  feeding  on  in- 
digo. Amongst  Confervfe,  with  Chlamy- 
domonas  Pulvisculus.  1-2300"  to  1-1150". 

Perty  has  met  with  specimens  having 
a  red  speck. 

P.  fuscum.— la  not  luminous;  oval, 
eliffhtly  compressed  and  pointed  mte- 

riorly.    l-'tSO"  to  1-280"- 

P.  Monas. — Very  small,  obtuse,  with- 
out horns;  remarkably  social.  Diam. 
1-1728".    In  tlie  Baltic. 

Perty  suggests  tliat  this  is  merely  a 


young  stage  of  P.  (Ceratium~)  cornutum. 

P.  Pkmulum  (Perty). — Rounded,  broad, 
rather  compressed;  the  t^Yo  segments 
equal.  Colour  brown,  usually  a  deep  tint. 
Under  surface  rather  concave.  1-720"  to 
1-430".  Its  brown  contents  contract 
after  death  into  a  central  lump.  A  red 
speck  is  often  seen  in  the  posterior  por- 
tion. It  is  distingiushed  from  Gleiiodi- 
nium  cinctum  by  its  greater  width  and 
deeper  coloiu. 

P.  Corpusculum  (Perty). — SmaE ;  seg- 
ments very  unequal,  posterior  one  very 
short  ajid  cleft.  Grranulai*  contents 
bro^vnish-yeUow,  or  red  or  green.  An 
alteration  in  figiu-e  has  been  seen  to 
ensue  after  death.  1-1120".  Amongst 
Maycltantia  pohpnorpha. 

P.  monadicum  (Perty). — Very  small; 
seginents  imequal,  the  posterior  one 
much  smaller;  with  red  stigma  in  the 
line  of  constriction,  more  seldom  in  the 
hinder  half.  Molecides  pale  gi-een.  It 
is  the  smallest  kno^vn  example  in  this 
family.  1-1150".  In  n  pond  on  Mount 
St.  G'oth.ard  nnd  at  Bern. 
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P.  tiberri'mitm  (Allman).  Neni-ly  sphe- 
rical; colour  reddish-brown;  nucleus 
well-defined,  ceutral.  A  secondary  fur- 
row springs  verticiilly  fi'om  the  annular 
one,  and  terminates  at  the  pole.  A 
stigma  usually  present  at  the  polar  ex- 
tremity of  the  vertical  furrow.  Swims 

b.  Peridinia  luith  horns. 

P.  (Cehatium)  (?)  pyrophorum. — 
Ovate,  spherical;  Avith  two  little  elevated 
points  at  its  anterior  extremity.  It  is 
very  delicately  ai-eolate  and  gi'anular. 
Fossil  in  the  flints  of  the  chalk  forma- 
tion at  Berlin.    1-570"  to  1-480". 

P.  (Cebatium)  (?) Delitiense. — Ovate, 
spherical;  with  a  little  stiff'  point  near 
the  middle  laterally.  Fossil  in  the  flints 
of  Delitzsch.  1-430"  to  1-280".  These 
two  supposed  fossil  Peridinia  and  the 
Cluetotyphla  (?)  pyrites  appear  rather  to 
be  sporongia  of  Algse. 

P.  (Ceratium)  acuminatum. — Brown- 
ish-yellow; ovate,  spherical,  slightly 
three-lobed,  and  having  a  little  pro- 
cess at  the  posterior  end.  "  I  observed 
this  species,"  says  Ehrenberg,  "  in  phos- 
phorescent sea- water  from  Kiel,  and  it  is 
veiy  probable  that  the  light  proceeded 
from  this  animalcide.  It  is  the  smallest 
phosphorescent  sea  animalcide  that  is 
known."    1-600"  to  1-570". 

P.  (Cehatium)  cornutum  (Bursaria 
Hirundinella,  M. ;  Ceratium  Hirundinella, 
Duj.  and  Perty).— Greenish;  not  lumi- 
nous; rhomboidal  and  rough,  with  one, 
two,  or  three  sti'aight  horn-like  processes 
in  front,  and  a  single  one  (often  curved) 
posteriorly.    1-280"  to  1-140". 

Perty  asserts  that  Ehrenberg  has  re- 
versed this  animalcide  in  his  account 
and  illustrations,  as  he  has  likewise  done 
in  other  species  of  this  genus ;  for  it  is 
the  single  horn  which  advances  fore- 
most, and  indicates  the  anterior  extre- 
mity. The  same  author,  moreover, 
states  that  in  the  majority  of  speci- 
mens one  or  more  red  specks  are  to  be 
found,  generally  in  the  posterior  half, 
near  the  middle  line  between  the  large 
and  small  horns. 

P.  (CmiATixm) Tripos  {Cercaria  Tripos, 
M-)-— Yellow,  brilliantly  phosphores- 
cent; urceolate,  broadly  concave,  smooth, 
and  three-homed  ;  the  two  frontal  horns 
very  long  and  recurved ;  the  third,  or  pos- 
terior one,  straight.  Ehrenberg  says, 
"  The  power  of  this  creature  to  evolve 
light  IS  placed  beyond  all  doubt,  as  I  took 
up  nine  phosphorescent  drops,  one  after 
the  other,  from  the  water,  and  I  saw  in 
each  nothing  else  besides  a  single  animal- 


actively  by  the  aid  of  its  flabellum,  and 
of  cilia  generally  disposed  on  the  surface, 
and  not  confined  to  the  furrows  as  Ehr- 
enberg represents.  Occurs  in  a  quies- 
cent state.  1-1000"  to  1-500",  Ponds, 
Phoenix  Park,  Dublin. 

. — Suhgemis  Ceeatium. 

cide  of  this  species."  Itis  rigid,  and  swims 
with  a  TaciUating  rolling  motion  upon 
the  longitudinal  axis.  The  length  of  the 
horns  is  not  constant,  sometimes  being 
scarcely  so  long  as  the  body,  at  other 
times  much  longer,  x.  219, '220,  repre- 
sent an  under  and  side  view.  In  the  sea, 
near  Copenhagen  andKiel.  l-140"j  with- 
out the  horns,  1-430". 

P.  (Cehatium)  Ilichaelis.  —  Colour 
yellow ;  intenselj'  phosphorescent.  Lo- 
rica  ovate  and  smooth,  with  three  short, 
straight  horns,  as  shown  in  fig.  221.  A 
flagellum  is  not  visible.  In  phosphores- 
cent sea-water.  1-570".  Named  after 
Dr.  Michaelis,  its  discoverer. 

P.  (Cehatium)  Fusus  (x.  222, 223).— 
Yellow,  intensely  phosphorescent;  ovate, 
oblong,  and  smooth.  The  two  horns  are 
straight  and  extended  in  opposite  direc- 
tions, producing  a  fusiform  figure.  Ehr- 
enberg states  that  he  has  seen  the  cilia 
of  the  fun-owed  zone,  and  the  single  fila- 
ment when  at  rest ;  also  an  opening  or 
mouth  in  the  lorica,  near  the  insertion 
of  the  filament.  With  horns,  1-120"  to 
1-90". 

P.  (Cehatium)  i^wccr.— Yellow,  veiy 
phosphorescent ;  lu'ceolate,  with  three 
horns ;  two  in  front  short,  in  the  form  of 
a  fork;  one  behind  long'er.  In  phos- 
phorescent water,  at  Kiel.  1-120". 

P.  (Cehatium)  dit-ergem. — Yellow; 
cordate-ovate,  smooth ;  with  two  diver- 
gent frontal  acute  spines,  dentate  at  the 
base  ;  posterior  portion  attenuated,  look- 
ing as  if  shortly  horned.  Diam.  1-576". 
In  the  Baltic. 

P.  (Cehatium)  macroceros.— Yellow : 
habit  of  P.  Tripos,  but  more  slender,  and 
with  longer  horns,  which  are  four  times 
the  length  of  the  body.  1-216".  In 
the  Baltic. 

P.  2Videns.— Yellow,  with  the  habit 
of  P.^fiavum,  P.  divm-gms,  and  of  P.  Mi- 
chaelis; surface  gi'anuiar,with  three  acute 
frontal  horns,  and  its  posterior  portion 
attenuate.    1-576".    In  the  Baltic. 

P.  (Cehatium)  macroceras  (Schrank) 
or  C.  lojigicorne  (Perty)  is  mentioned  by 
Perty,  and  docs  not  appear  quite  cqui\-a- 
lent  to  C.  macroccros,  to  which  its  name 
is  too  mucli  alike.    It  is  tlie  largest  of 
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all  the  Peridiniiea,  (\nd  (says  Perty)  not 
a  variety  of  P.  conmtum,  as  Ehrenberg 
thought :  the  lorica  is  rather  concave 
below,  and  less  beut  than  in  that  species. 
Empty  loricse  are  clearly  areolate,  and 
the  areolae  round.  A  red  stigma  is  often 
seen  in  the  posterior  half.  Ihe  anterior 
supports  a  single  horn,  and  there  are 
three  behind.    1-120"  to  1-96." 

P.  arcticum  (Ehr.)  resembles  P.  ma- 
croceros,  but  is  stronger,  and  has  its 
large  horns  all  curved  and  three  or  four 
times  longer  than  the  body;  surface 
rough,  with  little  raised  puncta  or  spines. 
Length  of  body,  1-48"',  of  entire  being 
1-18'".  It  is  phosphorescent,  and  found 
at  Kingston  Baj',  Newfoimdland,  with 
P.  Furca,  P.  Tridms,  and  P.  divergens. 

P.  longipes  (Bailey). — Body  triangidar, 
rough ;  angles  produced  into  veiy  long- 
ciliated  processes,  of  which  the  two 
fi'ontal  ones  are  longest.  Body  crossed 
obliquely  by  a  ciliated  groove  (xxxi.  23). 
St.  George's  Bank,  New  York. 


P.  deprcsswn  (Bailey).  —  Lorica  ob- 
liquely depressed,  with  one  large  conical 
posterior  process,  and  two  smaller  conical 
frontal  processes;  the  latter  separated 
by  a  deep  notch.  Sm-face  granular  and 
reticidated.  Both  this  and  the  preceding 
species,  which  were  found  together,  were 
doubtless  furnished  with  a  proboscis 
when  living,  and,  like  other  marine 
species  of  this  genus,  were  probably 
phosphorescent.  The  form  of  P.  depres- 
sum  IS  closely  analogous  to  the  embryo 
of  Nereis,  whose  curious  changes  were 
studied  by  Lov^n  (and  refen-ed  to  in 
Prof.  Owen's  Lectures  on  the  Inverte- 
brata,  ed.  1843,  p.  147).  This  account  of 
Nereis,  and  particidarly  the  comparison 
of  Prof.  Owen's  figure  with  the  Peridi- 
nium  depressum  (xxxi.  21,  22),  led  Dr. 
Bailey  to  suspect  that  at  least  a  portion 
of  the  forms  now  included  in  the  genus 
Pcridinium  might  be  imperfectly-deve- 
loped or  embryonic  Amielida. 


Genus  GLENODINIUM. — Peridinia  with  motile  cilia  placed  in  a  trans- 
verse furrow  or  zone,  and  provided  with  an  eye.  The  organization  is  much 
the  same,  in  other  respects,  as  that  of  the  preceding  genus.  In  G.  cinctum  a 
flabellum  is  seen  to  emanate  from  the  middle,  and  to  vibrate  like  the  wreath 
of  cilia.  It  is  also  probably  present  in  the  other  species,  though  hitherto 
unobserved.  The  lorica  is  combustible.  Vacuoles  and  fine  granules  are 
visible  in  all  the  species  ;  the  former  are  very  distinct  in  G.  apiculatim.  The 
red  speck  is  in  the  form  of  an  elongated  or  horseshoe-shaped  spot,  and 
constitutes  the  essential  character  of  the  genus.  Longitudinal  self-division 
has  been  observed  only  in  G.  cinctimn. 

Although  this  genus  is  rejected  by  Dujardin  as  indistinguishable  from 
Peridinium,  yet  Perty  retains  it,  making  its  point  of  separation  from  the 
latter  genus — which,  by  the  way,  he  prefers  to  caU  Oeratium — consist  in  the 
absence  of  horns  to  the  lorica.  The  red  speck  he  ignores,  equally  with  Du- 
jardin, as  a  distinctive  character.  In  this  way  Perty's  Glenodinium-=  Peri- 
dinium, without  horns,  of  Ehr. 


Glenodlntctm  cinctum  =  Peiidinium 
oculatum  (Duj.). — Oval,  or  nearly  sphe- 
rical ;  smooth ;  stigma  large,  semi-lunar, 
and  transverse.  In  fresh  water,  amongst 
OscillatorisB.  1-570".  It  is  seen  both 
with  and  without  a  red  speck. 

G.  tabulatum. — Oval;  yellowish-gTeen ; 
lorica  granidar  and  reticulate  with  ele- 
vated lines,  but  not  spinous;  tmncate 
and  denticulate  posteriorly,  and  biden- 
tate  anteriorly.  1-570"  to  1-430". 

"  The  coloui-,"  says  Perty,  "  is  mostly 
brown,  especially  in  matm-e  specimens, 
and  more  rarely  browiish-green  or  gi-een. 
A  red  stigma  is  but  rarely  present." 


G.  (Peridinium')Alpinum  (Perty). — The 
sculptiuing  of  the  surface  is  indistinct; 
and  veiy  frequently  there  ai-e,  alternately, 
colom-ed  masses  of  gi-anules  and  hyaline 
spaces  around  the  border  of  the  lorica, 
producing  a  notched  appearance.  1-430". 
It  is  probably  only  an  Alpine  variety  of 
G.  tabulatum,  in  which  the  lorica  has  not 
attained  its  perfect  structure.  On  Moimt 
St.  Gothard,  and  in  Lake  Lugano. 

G.  apiculatum.  —  Oval ;  yellowish- 
gTeen;  lorica  smooth,  but  with  hispid 
fiuTows  on  the  margin,  as  sho\^ni  in 
X.  226.  The  stigma  is  oblong,  and  ex- 
ta-emities  obtuse.  Amongst  Confervie. 
1-570"  to  1-430". 
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EAMILY  III.— YOETICELLINA.    (Part  I.,  p.  277  et  seq.) 
(Plates  XXVII.,  XXIX.,  XXX.) 

Polygastrica  mth  an  alimentary  canal,  the  extremities  of  which  are  distinct, 
though  they  approximate  in  consequence  of  its  curvatm-e  (Anopisthia).  They 
have  no  loiica.  A  few  are  solitary ;  but  the  majority  are  congregated  on 
pedicles,  which  often  assume  elegant  ramose  forms,  Hke  little  trees,  an  ani- 
malcule siu-moiuiting  and  terminating  each  branch  or  pedicle.  These  arbo- 
rescent clusters  are  the  result  of  imperfect  self-division. 

The  animal  organization  of  this  family  is  very  distinct.  The  entire  sur- 
face of  Stentor  is  covered  with  vibratile  ciha  ;  but  in  other  genera  they  are 
mostly  disposed  in  the  form  of  a  wi-eath  aroimd  the  head.  In  some  genera, 
as  in  Vorticella,  Carchesium,  and  Opercularia,  longitudinal  and  transverse 
muscles  are  seen ;  the  mouth  and  discharging  openrag,  both  lying  in  the 
same  lateral  cavity,  have  been  demonstrated  in  all.  Self-division  takes 
place  in  aU  the  genera,  but  is  least  frequently  obsei-ved  in  Zoothamnium  : 
when  it  is  imperfect,  not  affecting  the  pedicle,  it  gives  rise  to  branching 
forms.  Gemmation  is  also  frequent  in  most  genera.  Prom  their  great  irrita- 
bility when  approached,  may  be  presumed  the  existence  of  a  system  of  sensa- 
tion. Colouring  matter  is  received  by  all  the  species  ;  eye-specks  are  wanting. 

This  family  affords  (in  form  indeed  rather  than  in  structural  homologies)  a 
connecting  link  between  the  Ciliata  (Polygastrica)  and  Eotatoria. 

The  following  curious  particulars  are  appended  by  Ehrenberg,  who  re- 
garded them  as  indicative  of  an  act  of  transformation : — 

"  The  Vorticella  developes  a  pedicle  ;  divides  (casts  its  exuvia) ;  developes 
posterior  cilia ;  loosens  itself  fi'om  the  pedicle,  rambles  about ;  di-aws  in 
(after  shedding  a  second  exuvia)  the  posterior  ciha,  sheds  them,  and  firmly 
attaches  itself,  preparatory  to  putting  forth  another  stalk.  Tliis  cycle  of 
phfenomena  is  repeated  again  and  again,  and  possesses  high  physiological 
interest ;  it  is  a  returning  circle  of  transformations— a  return  to  an  early 
condition,  similar  to  that  of  a  butterfly,  if  it  suddenly  lost  its  wings  and  an- 
tennae, and  again  became  a  catei-piUar,  in  order  once  more  to  return  to  the 
state  of  pupa  and  butterfly — or  to  that  of  an  old  man  becoming  a  child,  in 
order  to  run  again  his  course  of  life  anew."  (See  Part  I.  p.  277  et  sea.,  and 
p.  586.) 

The  Vorticellina  live  for  the  most  part  in  sweet  water,  fresh  or  marine, 
attached  to  plants  or  shells,  to  Crustacea,  to  the  larvse  of  insects,  &c.  There 
are,  however,  a  few  Vorticellce  and  ScypTiiclece  produced  in  infusions,  and  even 
in  fetid  ones. 

,  This  accoimt  of  the  organization  of  Vorticellina  fi'om  Ehrenberg  requires 
considerable  alterations  and  corrections  from  the  present  state  of  our  know- 
ledge of  these  beings.  In  Part  I.  (p.  277),  their  organization  has  been  largely 
considered ;  yet  a  few  notes  here  may  not  be  misplaced  Any  definition  of  the 
characters  of  the  group  of  genera  comprehended  in  this  fam'ily  by  Ehrenberg 
would  be  unsatisfactory,  inasmuch  as  some  forms  are  included  which  have 
no  sufficient  affinity.  Ehrenberg  represents  the  Vorticellina  as  having  a 
polygastnc  ahmentary  canal  so  ciu'ved  that  its  two  ends  are  conterminous. 
iNowthe  supposed  stomachs,  as  displayed  by  using  coloured  food,  were  merely 
vacuoles  ;  and  no  contmuous  ahmentary  canal  penetrates  the  interior,  as  sup- 
posed but  only  a  digestive  tube  or  oesophagus  of  variable  length,  terminating 
abniptly  m  the  interior  by  an  open  mouth.  The  ciUary  apparatus  of  the  true 
Vorticellina  is  more  complex  than  appeared  to  Ehrenberg,— the  head  of  the 
animalcules  being  terminated  by  a  peristom  or  free  edge,  oftentimes  thickened 
and  everted,  beyond  which  a  cihated  disc  supported  on  a  very  retractile  and 
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highly  sensitive  pedicle  can  be  protruded.  The  portion  of  the  ciliary  spiral 
outside  the  vestibulum  is  not  of  equal  length  in  all  Yorticellina :  in  many, 
e.  g.  Vorticella,  Carchesium,  Zoothamnium,  ScypJiidia,  Tricliodina,  some  species 
of  Epistylis,  (fee.,  it  describes  scarcely  more  than  one  cii'cuit  round  the  disc, 
whilst  iu  Opercularia  articulata  and  Epistylis  jiavicans  it  runs  round  the  disc 
three  times ;  in  other  species  intermediate  lengths  occur.  The  ciliary  wreath, 
moreover,  consists  of  a  double  row  of  cilia :  those  of  the  outer  one  are  usually 
somewhat  shorter  than  those  of  the  inner,  and  though  iuserted  upon  the 
margiri  nearly  in  the  same  line  as  the  others,  yet  they  are  set  at  a  different 
angle,  and  apparently  far  more  strongly  bent  outwards.  In  the  vestibulum 
and  oesophagus  the  cilia  appeal*  to  stand  in  a  siagle  row.  The  peristom  usually 
bears  no  cilia.  There  is  no  sufficient  proof  of  the  existence  of  muscles  of  the 
same  type  as  those  of  the  higher  classes  of  animals.  The  contractile  vesicle 
is  single  and  cii'cular ;  the  nucleus  sometimes  oval,  but  often  elongated  and 
band-like.  Besides  fission  and  gemmation,  true  propagation  by  living  germs 
or  embryos,  developed  in  the  coui'se  of  more  or  less  complete  transformations, 
affords  an  additional  means  of  perpetuating  and  extending  the  several  species. 
The  genera  are  distributed  as  follows : — 

/'  f  Body  covered  with  cilia  Stentor. 

Tail  absent  \ 

[  Body  smooth,  cilia  anterior  Trichodina. 

^  Tail  present   TJrocentrum. 

f  Stalk  flexible,    {  ^^P^^ Vorticella. 
Form  of  stalked  I  deflection  spiral  1  branched  Carchesium. 
bodies  similar 

^  Stalk  inflexible   Epistylis. 

Bodies    of  dif  f        inflexible   Opercularia. 

'  [  Stalk  flexible,  deflection  spiral... Zoothamnium. 


Body  without  stalk 


Body  stalked — often 
branched  like  a  tree 


ferent  form  , 


Of  the  several  genera  named  and  distinguished  by  Ehrenberg,  two  only 
are  accepted  by  Dujardin,  viz.  Epistylis,  with  a  rigid  pedicle,  and  Vorticella, 
with  a  contractile  stalk,  simple  or  branched.  'He  places  Carchesium  with  the 
latter,  maintaining  that  a  generic  character  is  not  to  be  found  in  the  simple 
or  branched  condition  of  the  stalk  alone,  when  the  bodies  are  simUai-.  More- 
over, he  failed  to  meet  with  animalcules  having  the  characters  assigned  to  the 
genera  Opercidaria  and  Zoothamoiiitm  by  Ehrenberg.  A  thii'd  genus,  under 
the  name  of  Scyphidia,  is  established  by  him  for  the  sessUe  species ;  whilst 
a  fourth,  Vaginicola,  comprises  all  those  species  invested  with  a  membranous 
sheath,  and  corresponds,  in  its  constituent  species,  to  the  family  Ophrydina 
(Ehr.)  after  the  exclusion  of  Ophrydium. 

Perty  makes  a  different  distribution  of  the  Yorticellina  to  that  proposed 
by  Ehrenberg.  Like  Dujardin,  he  rejects  the  genera  Stentor  and  Urocentrum, 
and  transfers  them  to  a  family  Urceolarina.  On  the  other  hand,  he  adds 
Scyphidia  of  Dujardin  to  the  true  Yorticellina,  and  maltes  no  mention  of 
Carchesium.  Lachmann  is  another  wi-iter  who  rejects  Urocentrum  from  the 
Yorticellina.  Stein  points  out  various  defects  in  Elu-enberg's  gi-ouping  of 
Yorticellina ;  and  whilst  ho  would,  on  the  one  hand,  detach  from  it  Sttntor, 
Trichodina,  and  Urocentrum,  he  would,  on  the  other,  associate  with  it  the 
several  sheathed  genera  which  form  the  family  Ophiydina,  Viz.  Ophrydium, 
Vaginicola,  Tintinnus,  and  Cothurnia.  Apart  from  these  changes  in  the  distri- 
bution of  admitted  genera,  he  adds  two  new  ones,  Lagenophrys  and  Spirochona, 
remarking  of  the  former,  that,  in  its  free  condition,  it  constitutes  a  transi- 
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tional  form  between  the  radiated  type  of  Vorticellina  and  the  bilateral  one  of 
Oxytrichina  and  Euplotina.  Lastly,  Lachmann  states  that  Trichodina  and 
Urocentrum  are  not  VorticelHna,  and  makes  Stentor  the  representative  of  a 
new  family,  which  he  calls  Stentoiinse.  In  this  proposed  new  family  he 
includes  besides  Stentor,  a  new  genus  (OJicetospira),  Sinrostomum,  and  a 
fourth  genus  which  he  has  merely  referred  to  without  naming  or  de- 
scribing it.  In  the  above  plans  of  classification  there  is  this  in  common, 
that  the  genera  Stentor,  Tricliodma,  and  Urocentr-um  are  excluded  from 
among  the  VorticeUina,  an  exclusion  warranted  by  their  difference  of  organ- 
ization and  general  characters.  At  the  same  time  we  are  of  opinion  that 
the  association  of  the  Ophiydina  with  the  VorticeUina  is  not  correct  in  a 
systematic  point  of  view,  the  existence  of  external  sheaths  being  a  well- 
marked  and  sufficiently  distinctive  character,  although  the  homology  in  organ- 
isation is  otherwise,  in  eveiy  essential  point,  very  close  and  striMng.  Pro- 
bably Trichodina  and  Urocentrum  should  constitute  an  allied  family  or  a 
sub-family  of  "VorticeUina  ;  Stentor  the  type  of  a  second  family  ;  whilst  the 
remainder  of  Ehrenberg's  group,  viz.  Vorticella,  Carchesium,  Epistylis,  Oper- 
cularia,  and  Zootliamnium.,  might  be  called  the  true  Vorticellina.  The  new 
genus  Spirochona,  again,  stands  apart  by  so  many  peculiarities  that  it  cannot 
be  included  within  either  of  the  groups  proposed,  and  must  be  regarded  as 
the  (at  present)  sohtary  type  of  a  new  family,  having  the  internal  organization 
of  Vorticellina,  but  destitute  of  their  peculiar  ciliated  head.  In  framing  his 
generic  and  specific  distinctions,  Ehrenberg  made  use  of  characters  of  no  real 
value, — such,  for  instance,  as  the  occurrence  of  similar  and  dissimilar  bodies 
(zooids)  on  brandling  stems  otherwise  alike,  the  height  of  the  stem,  the  thick- 
ness of  its  branches,  and  the  dimensions  of  the  attached  animalcules. 

The  family  Urceolarina  (Duj.)  is  thus  characterized: — "  Animals  variable 
in  form,  changing  from  a  trumpet-  or  a  hemispherical  to  a  globular  foi-m ; 
ciliated  throughout,  with  a  fringe  of  much  stronger  cilia  along  the  upper  and 
anterior  margin  of  the  body,  continued  as  a  spiral  coil  into  the  oral  cavity, 
which  is  on  the  same  border.  They  present  the  ordinaiy  swimming  move- 
ment, and  can  for  a  short  time  arrest  their  progress  by  fixing  themselves  by 
their  posterior  extremity  to  external  objects."  "This  family,"  observes 
Dujardin,  "  connects  the  Vorticellina  with  the  Bursarina,  and  includes  the 
genera  Stentor,  Urceolaria  {Trichodina,  Ehr.),  Ophrydimn,  and  Urocentrum." 
The  last-named  genus  is  treated  as  very  doubtful.  As  already  seen,  Perty 
adopts  this  family  Urceolarina,  but  modifies  it  by  rejecting  Ophrydium,  and 
adding  Spirostomum. 

Genus  STENTOR  (XXVIII.  16, 17  ;  XXIX.  8).— Animal  without  pedicle, 
free,  or  attached  by  the  posterior  extremity  of  the  body,  which  is  conical, 
although  it  admits  of  very  considerable  modifications  of  form ;  it  is  entirely 
covered  with  ciha ;  a  wreath  of  larger  ones  sui'mounts  the  head.  Ehrenberg 
considered  the  longitudinal  striae  along  the  body,  and  the  cii-cular  ones  at  the 
anterior  pai-t,  muscular  fibres.  The  anterior  ciliaiy  wreath  is  coiled  in  a 
spiral  manner  about  the  head;  in  some  species  a  row  of  longer  ciHa  extends 
from  the  mouth,  m  a  fnnge-Uke  manner,  to  the  middle  of  the  body.  The 
Stentors  mcrease  by  self-division,  which  is  either  longitudinal  or  obhque. 
The  nucleus  is  band-hke,  moniHform,  or  round.  The  contractile  vesicle  is 
large  round,  and  placed  on  a  level  with  the  cihary  wreath,  close  to  the 
cesophagus  ;  it  gives  off,  above,  an  annular  branch,  which  surroimds  the  head 
of  the  ammalculc  just  beneath  the  fringe  of  ciha,  and  below,  a  straight 
branch  extendmg  to  the  posterior  extremity  of  the  animalcule  (XXIX.  7). 

T'^-"'?'  often  be  perceived  for  a  considerable  time  both  before  and 
alter  the  discharge  of  matters.    It  is  situated  on  the  back,  close  beneath  the 
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ciliary  circle.  The  Stentors  are  among  the  largest  of  the  Infusoria,  and  all 
the  species  are  visible  to  the  unassisted  sight.  They  are  best  examined 
between  the  plates  of  a  large  live-box,  a  portion  of  the  decayed  stem  or  leaf 
on  which  they  are  found  being  put  in  with  them. 

"  It  is,"  says  M.  Dujardin,  "  in  the  Stentors  where  we  can  view  the  several 
supposed  internal  organs  isolately,  that  new  observations  will  make  known 
theu-  real  nature." 

They  are  exclusively  found  in  fresh  standing  water,  or  between  plants 
where  the  water  is  stUl.  Some  of  them  are  colourless,  others  green,  black, 
or  clear  blue. 

This  genus  gives  name  to  the  family  Stentorina  proposed  by  Lachmann 
and  others,  and,  in  the  classification  of  Dujardin  and  Perty,  is  a  member  of 
the  family  Urceolarina  (p.  581). 


Stentob  Miilleri  (xxvm.  16,  17). — 
This  is  the  "  white  funnel-like  polpye  " 
discovered  by  Trembley ;  it  is  large,  the 
crown  or  wreath  of  cilia  interrupted,  and 
the  lateral  crest  or  friuge  indistinct ; 
when  outstretched  it  is  trumpet-shaped, 
but  in  its  contracted  state  is  ovoid ;  and 
during  division,  or  when  the  water 
around  it  evaporates,  a  m^ico-gelatinous 
mass  is  thrown  out  as  an  external  cover- 
ing. When  several  are  swimming  in  a 
glass  vessel,  they  will  gradually  congre- 
gate, and  select  some  particular  spot, 
and  then  attach  themselves,  evuicing,  as 
Ehrenberg  imagined,  not  only  a  degree  of 
sociality,  but  of  mental  activity.  These 
animalcules  receive  colom-ed  food  very 
readily ;  nucleus  moniliform.  Upon 
Lemnse  and  other  water-plants,  even 
imder  ice.  Size,  stretched  out,  1-20"; 
contracted,  1-120". 

Ehrenberg  refen-ed  to  the  exudation  of 
a  mucilaginous  coat  as  the  prelude  to  the 
death  of  the  Stentor ;  but,  as  Cohn  has 
shown  (Zeitschr.  Band  iii.  p.  263),  it 
takes  place  in  perfectly  healthy  and  live- 
ly animals,  and  is  an  instance  of  the 
widely-pen'adiag  process  of  encystuig. 
This  observer,  indeed,  tells  us  that,  when 
the  conditions  of  existence  become  un- 
favoiu-able,  animalcules  previously  at- 
tached by  their  tapering  posterior  ex- 
ti'emity,  as  by  a  sucker  resembling  that 
of  a  leech,  free  themselves  from  their 
capsular  envelope  and  swim  away,  dis- 
playing then  a  brush  of  cilia  at  the  end 
of  the  tail.  The  notion  of  a  sentiment 
of  sociality  and  of  mental  activity,  sur- 
mised by  the  Berlin  microscopist,  de- 
mands the  exercise  of  a  powcrfid  imagi- 
nation to  realize  it.  Dr.  Wright  most 
kindly  notices,  in  a  letter  to  us,  that 
Sient07-  Miilleri  always  secretes  a  gela- 
tinous case  into  which  it  can  retract. 
As  the  zooids  divide  they  fonn  a  gela- 
tinous mass,  which  is  attached  to  weeds 


and  often  to  the  sm-face  of  the  water, 
from  which  10  or  15  Stentors  aggregated 
together  may  sometimes  be  seen  hanging 
with  their  heads  downwards.  The  ex- 
ternal gelatinous  sheath  in  Stentor  and 
other  Voi-ticeUina  and  Ophrydina,  Dr. 
Wright  proposes  to  call  the  "colleto- 
derm,"  as  the  homologue  of  the  gela- 
tinous matter  covering  the  polj-pidoms 
of  the  Hydi-oidse. 

S.  Eceselii  (x.  233,  234). —In  form, 
size,  and  crest,  this  species  resembles  the 
preceding,  but  is  of  a  more  distinct 
yellowish-white  colom-.  The  nucleus  is 
long,  ribbon-shaped,  and  not  monUifonn ; 
the  contractile  vesicle  (seen  at  *)  chcular. 
Common  in  summer;  upon  decaying 
plants,  &c.,  in  standing  water.  1-140" ; 
extended,  1-24" 

The  monUifonn  intestine  represented 
by  Ehrenberg  was  very  probably  the  chain 
of  vesicidar  dilatations  of  the  presumed 
vascular  system  connected  with  the  con- 
ti-actUe  vesicle,  and  which  is  largely  de- 
veloped in  the  Stentors,  on  one  side  of 
the  body,  as  a  canal  extending  from  a 
cu'cidar  sinus  around  the  head.  Dujardin 
regarded  this  species  as  simply  a  vaa-iety 
of  S.  Miilleri ;  and  there  is  no  apprecia- 
ble character  ti-uly  distinctive  between 
them. 

S.  cem-uleus  (xxix.  8)  resembles,  exte- 
riorly, the  two  preceding  species  ;  but  its 
granules  are  blue,  nucleus  articidated  and 
chain-like  (moniliform).  It  is  ti-iuupet- 
shaped  when  extended,  ovoid  when  con- 
tracted; white  or  semi-transparent,  ex- 
cept when  coloured  by  food.  The  lateral 
crest  and  frontal  wi-eath  are  continuous. 
When  kept  in  glass  vessels,  they  often 
fix  themselves  to  the  sides  in  clustei;s. 
They  are  best  examined  when  placed  in 
a  large  live-box ;  a  magnifying  power 
of  100  diameters  is  sufficient.  Amongst 
Vauchei-iaj.  1-480". 

Except  its  much  smaller  size,  there 
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seems  nothing  to  sufficiently  distinguisli 
it  from  the  preceding  species ;  for  the 
bluish  hue  ot  the  granules  cannot  be 
admitted  as  a  characteristic.  Even  the 
dilierence  in  dimension  is  no  satisfactory 
indication  of  a  distinct  species ;  for  the 
smaller  animalcule  may  be  but  a  younger 
specimen  of  the  larger. 

S.  pohjmorphus  (xxix.  7)  resembles 
the  preceding  in  form.  Granules  of  a 
beautiful  green  colour;  nucleus  articu- 
lated and  chain-like ;  lateral  crest  in- 
distinct; frontal  wreath  of  cilia  inter- 
rupted. This  species  will  not  receive 
indigo  readily.  Transverse  self-division 
observed.  Upon  stones,  decayed  sticks, 
and  leaves,  in  standing  water.  1-120"  to 
1-24". 

Lachmann  {A.  N.  H.  1857,  xix.  p. 
225)  seems  to  intimate  that  this  species 
is  eqiuvalent  to  S.  Miilleri  and  S.  liceselii. 
Both  in  this  species  and  in  S.  cceruleiis 
Eckhard  has  described  reproduction  by 
internal  germs  or  embrj'os.  Between  the 
cilia,  disposed  in  spiral  series,  single  long 
hairs,  similar  to  those  of  many  Tm'bel- 
laria,  are  foimd,  according  to  the  testi- 
mony of  Lachmann. 


S.  {(jneus. — Less  thau  the  precediu";; 
granules  yellowish-green;  smface  bright 
yellow  or  vermilion ;  nucleus  spherical ; 
lateral  crest  absent;  frontal  wreath  of 
cilia  interrupted.  Found  by  Elirenberg 
upon  the  water-violet  {Hottonia  palus- 
tris).  1-72". 

S.  niffer  (Vorticella  nigra,  M.). — Small, 
of  a  dark  brownish-yellow  or  blackish 
colour ;  granules  olive-colom-ed ;  nucleus 
spherical ;  lateral  crest  absent ;  frontal 
wreath  of  cilia  continuous.  This  species 
is  often  so  abundant  that  it  colours  large 
pools,  in  turfy  hollows,  of  a  dark  blackish 
hue,  resembling  an  infusion  of  coffee. 
The  swimming  movement  of  this  species 
is  readily  seen  (as  in  the  others)  with 
the  nalred  eye.  1-96". 

S.  castamus  (Wright).  —  A  species 
named  in  a  letter  to  us  by  Dr.  Wright, 
of  which  the  only  particulars  given  are 
that  it  is  of  a  dark  chestnut  colour,  and 
that  it  selects  the  tops  of  the  stems  of 
Myriophyllum  as  its  home,  and  glues  all 
the  yoimg  leaflets  together  with  a  ball 
of  jelly,  within  which  a  crowd  of  zooids 
is  imbedded. 


Genus  TEICHODINA. — Vorticellina  destitute  both  of  tail  and  pedicle, 
distinguished  from  the  preceding  genus  by  the  general  sm-face  of  the  body 
being  destitute  of  ciha.  They  possess  a  vibrating  wreath  of  ciHa  anteriorly, 
on  one  side  of  which  is  a  simple,  not  spiral  oral  opening.  They  are  mostly 
disc-shaped  or  conical.  T.  Pedicuhis  has  the  posterior  end  abruptly  trun- 
cated hke  the  front,  and  also  surrounded  with  a  wreath  of  cnrved  setae,  which 
it  employs  when  crawling,  in  the  maimer  of  feet.  In  T.  tentaculata  there  is  a 
kind  of  proboscis.  Coloured  food  is  received  by  T.  Pediculus  and  T.  Grandinella, 
A  kidney-shaped  nucleus  is  seen  in  T.  Pediculus.  Many  species  live  parasitic 
on  freshwater  MoUnsca,  or  Zoophytes ;  but  others  have  been  found  free  in 
sea-water. 

This  description  by  Ehrenberg  conveys  a  very  imperfect  conception  of  the 
real  structure  and  appearance  of  Trichodina.  The  following  account  and 
figures  from  Stein  will,  however,  sn^Dply  its  deficiencies : — "  Tlie  genus  Tricho- 
dina consists  of  naked  and  highly  contractile  animalcules,  subject  to  very  con- 
siderable variations  of  form  in  the  dii-ection  of  the  long  axis.  Their  usual 
figure  is  that  of  a  truncated  cone,  much  and  suddenly  distended  posteriorly, 
and  simnounted  at  their  wider  extremity  by  a  wreath  of  cilia,  which  corre- 
sponds with  the  posterior  ciliary  wreath  in  other  Vorticellina.  The  other, 
abruptly  truncate  extremity  is  furnished  with  an  apparatus  of  hooks  (XXTx! 
1.5),  whereby  the  animal  can  attach  itself  to  other  bodies.  The  mouth  is 
circular,  and  placed  on  one  side  of  the  body,  at  a  greater  or  less  distance  from 
the  anterior  extremity  ;  it  is  furnished  with  a  special  zone  of  cUia  to  aid  in 
the  introduction  of  the  alimentary  particles."  (It  is,  however,  not  circular, 
but  a  spu-al  fringe  of  ciha,  as  Dujardin  stated.)  The  genus  Trichodina  (Ehr.) 
agrees  m  the  main  with  Urceolaria  (Duj.). 

Of  the  several  species  enumerated  by  Ehrenberg,  Stein  asserts  that  two 
only  are  admissible,  that  the  other  three  arc  foreign  to  the  genus,  and  voiy 
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incompletely  observed  beings.  Thus  T.  Qrandinella  and  T.  vorax  appear  to 
be  merely  the  embryos,  or  otherwise  the  gemmaa,  of  VorticeUina,  whilst  T. 
tentaculata  is  imperfectly  known,  and  will  probably  always  remain  a  ques- 
tionable organism.  Further,  this  author  would  unite  Trichodina  with  Urocen- 
trum  into  a  subfamily  of  Vorticellina. 

Lachmann  (A.  N.  H.  1857,  xix.  p.  119)  agrees  with  Stein  in  limiting  the 
genus  to  the  two  species  T.  Pediculus  and  T.  Mitra,  and  in  rejecting  the 
rest  as  not  Vorticellina  at  aU.  According  to  him,  Ttichodina  Qrandinella  and 
T.  vorax  are  rightly  referable  to  Ualteria  (Buj.). 

TRiCHODrNA  tentaculata  (x.  227).  — 
Discoid,  destitute  of  the  wi-eath  of  cilia, 
but  with  a  fasciculus  of  vibratUe  cilia, 
and  a  stylifomi  proboscis.  1-280". 

T.  Pedimliis  (Cyclidium  Pediculus,  M.) 
=  Urceolai-ia  stellina  (Duj.)  (x.  228-230; 
XXIX.  14, 15, 17). — Depressed,  urceolate, 
and  discoid,  with  a  wreath  of  vibratile 
cilia  anteriorly,  and  another  of  short 
moveable  uncinate  cilia,  or  hooked  setae, 

fiosteriorly.  Ehi'euberg  remarks,  "  I  have 
ed  this  species  many  times  with  indigo, 
and  have  seen  numerous  stomachs  filled 
with  the  blue  matter.  It  always  runs 
upon  the  back,  where  there  is  a  wreath 
of  24  to  28  mobile  hooks  (or  uncinate 
ciha),  and  has  the  mouth  and  vibrating 
wreath  of  48  to  64  cilia  directed  up- 
wards." It  appears  to  feed  upon  the 
little  granules  of  the  body  of  the  Fresh- 
water Polype  {Hydra,  '  Microscopic  Ca- 
binet,' pi.  vii.)  (Figs.  228  and  229  are  side 
views,  attached  to  a  portion  of  a  pol}'pe ; 
fig.  230  is  a  top  view).  1-570''  to  1-280". 

T.  Pediculus  (xxix.  14-17)  is  described 
in  much  detail  by  Stein  (Infusionsthiere, 
p.  175).  "  It  has,"  he  writes,  "  a  turban- 
shaped  body ;  the  truncated  conical  an- 
terior segment  is  morphological  with  the 
rotai'y  organ  of  typical  Vorticellina,  and 
is  shorter  than  the  very  ventricose  and 
expanded  posterior  segment,  from  which 
it  is  separated  by  a  deep  annidar  con- 
striction or  fruTow,  occupied  by  a  wi-eath 
of  vibratile  cilia  of  less  length  than  those 
forming  the  posterior  zone.  The  oral 
apertm-e  is  seated  in  this  furrow,  the  cilia 
of  which  are  active  in  impelling  food 
into  the  mouth.  The  posterior  ciliai'y 
zone  is  parallel  with  the  one  in  front, 
just  described,  and  occupies  the  posterior 
surface  of  the  hindmost  segment  of  the 
body,  near  to  the  line  of  attachment  of 
the  circlet  of  imcini,  as  can  be  best  seen 
when  the  animal  is  dead.  It  is  this  zone 
which  principally  serves  for  locomotion. 
The  anterior  segment  can  be  retracted, 
and  even  vanish,  by  being  taken  up  into 
the  posterior,  when  the  figure  becomes 
cylindrical,  with  abruptly  tiiincate  ends. 
Tlie  posterior  segment  also  contracts  it- 


self considerably,  and  in  so  doing  pre- 
sents several  annular  folds.  The  margin 
of  the  truncated  exti-emity,  which  is 
much  smaller  than  a  section  made  through 
the  middle  of  the  posterior  segment,  is 
fringed  by  a  firm  cartilaginous  or  homy 
ring,  having  both  on  its  outer  and  inner 
face  a  series  of  xmcini,  placed  at  equal 
distances  from  each  other,  and  some- 
what constiicted  behind  the  origin  of 
each  pah.  The  inner  row  of  uncini  lie 
in  the  same  plane  as  the  posterior  sur- 
face; but  the  external  row  are  sti'ongly 
tm-ned  outwards  and  backwards.  Besides 
these  is  a  structure  not  hitherto  described, 
consisting  of  an  armular,  transparent, 
elevated  rim  or  collar,  often  of  a  slight 
yellow  colom",  and  of  a  homy  aspect, 
placed  around  the  outer  margin  of  the 
corneous  ring,  above  the  base  of  the 
outer  series  of  uncini.  It  is  extremely 
flexible,  dhected  obliquely  outwards,  and 
marked  by  very  fine  lines.  The  circlet 
of  hooks  is  at  once  dissolved  by  acetic 
acid,  whilst  this  sti-uctiue  remains ;  and, 
on  the  other  hand,  the  whole  prehensile 
apparatus  disappears  when  the  animal 
is  put  into  alcohol."  The  stimcture  of 
Trichodina,  as  now  unfolded  by  Stein, 
was  both  imperfectly  and  eiToueously 
conceived  by  Ehrenberg. 

The  long  diameter  of  the  largest  Tri- 
chodina  Pedicuhm  Stein  met  with  was 
1-360";  the  transverse  diameter  was 
about  the  same.  Small  specimens  oc- 
cuiTed  of  only  half  the  size,  but  complete 
in  all  the  details  of  organization. 

T.  vorax.  —  Oblong,  cylindrical,  or 
slightly  conical;  anterior  pai-t  convex, 
and  crowned  with  cilia ;  the  back  rather 
attenuated  and  smooth.  1-570". 

This  and  the  next  species  are,  from 
their  dissimilarity  to  T.  Pedictdus,  re- 
moved by  Dujardm  to  another  genus  he 
names  HaUcria, — the  two  being  equiva- 
lent to  HalteriaGrandinella,  which  again, 
in  Stein's  opinion,  is  the  embryo  of  an 
Acinetiforni  phase  of  a  Vorficella. 

T.  Grandinella  (M.).— Nearly  spherical ; 
sharply  attenuated  posteriorly ;  a  wi'eath 
of  cilia  surrounds  the  trimcat«d  foi-e  part. 
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This  species  is  liable  to  be  mistaken,  by 
an  inexperienced  observer,  for  a  free  Fbr- 
ticella ;  its  true  distinguishing  chai-acter 
appears  to  be  its  open  wreath  of  cilia. 
1-1500"  to  1-860". 

T.  Mitra  (Siebold)  (xxix.  16).— An- 
terior segment  elongated,  cylindrical, 
much  longer  than  the  slightly  wider  and 
more  discoid  posterior  segment,  into 
which  it  gradually  expands.  The  outer- 
most margin  of  the  posterior  segment 
has  a  similar  wreath  of  cilia  to  that  of 
T.  Pedicultis ;  but  the  prehensile  appa- 
ratus differs  in  the  two  species.    In  T. 


Mitra  the  undulating  cartilaginous  ring 
is  not  ai-med  with  hooks,  but  has  only 
the  annular  membrane,  precisely  like 
that  in  the  other  species,  except  that 
it  is  relatively  smaller,  less  distinctly 
striped,  more  colourless  and  transparent, 
and  therefore  more  readily  overlooked. 
Between  the  two  segments  is  the  deq) 
fmTOw  in  which  the  mouth  is  placed, 
from  which  a  row  of  cilia  extends  to- 
wards each  end  at  right  angles  to  the 
posterior  ciliary  zone,  and  is  homologoiis 
with  the  anterior  wreath  of  cilia  of  T. 
Pediculus. 


Genus  UEOCENTRTJM  (X.  231,  232).— Pree,  with  a  tail-like  style,  but 
no  pedicle,  and  no  cilia,  except  a  wreath  anteriorly ;  oral  apertiu:e  simple. 
Self-division  transverse.  Ehrenberg  thinks  the  eyes,  which  MiiUer  supposed 
he  had  seen,  were  most  probably  the  traces  of  cilia,  whichi  he  appears  to  have 
overlooked. 


ticella-Biai\,  but  an  ai'ticulated  style  on 
the  back — perhaps  afoot."  WithLemnse 
and  Confervse.  Fig.  232  a  dorsal,  231  a 
side  view.    1-430"  to  1-280". 


TJbocentbuju:  Turho  {Cercaria  Turbo, 
M.)  (x.  281,  282).— Hyalme,  ovate,  tri- 
lateral, with  a  style,  or  setaceous  tail, 
one-third  of  its  length.  Ehrenberg  says, 
"The  little  tail  is  not  a  separable  Vor- 

Genus  VORTICELLA  (XXVII.  1-5).— Crowned  with  ciHa  anteriorly; 
stalked  when  young,  but  at  a  later  period,  and  also  after  self-division,  sessile. 
The  shape  of  the  zooids,  when  stalked,  is  similar ;  the  pedicle  can  be  suddenly 
deflected  spirally,  by  means  of  the  long  muscle  within  it,  but  it  is  never 
branched.  At  certain  periods  a  second  wreath  of  cilia  is  produced  at  the 
posterior  part  of  the  body.  Not  only,  according  to  Ehrenberg,  can  numerous 
stomach-cells  be  seen,  but  likewise  the  gradual  passage  of  the  food  onwards, 
in  a  twining  sort  of  intestinal  canal,  though  this  is  not  easily  observed,  on 
account  of  the  periodical  deflection  of  the  pedicle.  However,  in  the  genera 
Epistylis  and  Opercularia,  whose  pedicles  are  comparatively  motionless,  the 
nutritive  apparatus  may  be  much  more  perfectly  investigated.  The  mouth 
and  discharging  orifice  are  separate,  but  he  in  the  same  hollow,  at  the  anterior 
margin.  The  granules  are  variously  coloured,  and  constitute,  in  Ehi-enberg's 
language,  clusters  of  qya  ;  nucleus  elongated,  contractile  bladder  round.  The 
animalcules  are  androgynous.  The  supposed  increase  by  the  growth  of  young 
animalcules  out  of  the  pechcle  (or  of  gemmEe),  hke  flowers  on  the  stem  of  a 
plant,  has  arisen  from  erroneous  observation.  When  the  animalcule  loosens 
itself  from  its  pedicle  or  stalk — a  circumstance  which,  says  Ehrenberg,  "  takes 
place  at  certain  periods— the  stalks  die,  or  disappear,  just  like  the  shells  of 
crabs,  or  as  the  nails  and  haii-."  The  muscular  fibre  within  the  stem  requires 
stops,  or  an  achromatic  condenser,  under  the  stage,  to  render  it  distinct. 

The  VorticellcB  being  of  so  considerable  a  size,  and  easily  prociu-able,  have 
formed  the  subject  of  numerous  investigations  into  their  organization ;  but 
yet  no  observers  have  been  able  to  coincide  entirely  with  the  views  of 
Ehrenberg.  Among  the  most  recent  researches  are  those  of  Prof.  Stein, 
which  have  been  fully  put  foi-ward  in  the  general  history  of  those  animals, 
to  which  we  must  refer  (see  p.  277  ct  seq.).  Suffice  it  to  say  that  the 
wimbng  intestmal  canal,  the  distinct  stomach-ceEs,  the  clusters  of  ova,  the 
anchogynous  nature  mentioned  in  the  above  account  from  Ehrenberg  of  the 
internal  organization  of  Vortkelloi,  have,  not  only  in  Stein's  opinion,  but  in 
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that  of  nearly  every  other  naturalist,  no  existence  ;  the  appearances  so  inter- 
preted are  explicable  in  a  different  manner.  Adopting  the  results  of  recent 
discoveries,  the  following  descri]3tive  characters  may  be  laid  dovm. 

Body  bell-shaped  (campanulate),  supported  on  a  highly  contractile,  un- 
branched  pedicle  or  stem,  and  suxmoimted  at  its  wide  upper  exti'emity  by  a 
dilated  and  somewhat  everted  margin,  or  "  peristom."  The  wide  anterior 
extremity  is  closed  by  a  "  disc,"  fringed  with  cilia,  which  commence  on  one 
side  of  a  depression  or  fossa  in  the  peristom,  caUed  the  vestibulum,  whence 
they  ascend  to  siuTound  the  disc,  and  after  continuing  down  its  sides  or 
"  stem,"  enter  the  mouth,  and  thence  return  to  their  starting  point,  thereby 
completing  a  spii'al  ciliary  wreath,  or  rotary  apparatus,  which  serves  by  its 
vibrations  to  draw  food  inwards  to  the  mouth,  and,  when  the  animal  detaches 
itself,  as  an  organ  of  locomotion.  The  disc  may  be  slightly  elevated  above 
the  peristom,  but  less  so  than  in  other  trae  YorticeUina ;  when  so  elevated, 
the  ciliary  apparatus  is  said  to  be  expanded.  On  the  other  hand,  it  may  be 
withdrawn  under  cover  of  the  peristom,  the  cilia  disappearing  fi'om  view ; 
and  when  more  strongly  contracted,  the  whole  disc  is  so  drawn  within  the 
body  that  the  entire  appearance  of  the  anterior  extremity  or  head  of  the 
animal  is  lost,  its  cUiary  mechanism  being  so  inverted  that  it  appears  in- 
ternally like  an  irregular  sigmoid  cavity,  in  which  the  cilia  may  possibly  be 
distinguishable,  whilst  the  peristom  is  itself  completely  closed  in  upon  the 
whole.  In  this  state  of  complete  contraction  the  Vorticella  resembles  a  shut 
ovoid  sac.  Except  the  head,  the  rest  of  a  Vorticella  is  destitute  of  cilia. 
The  fossa  lying  between  the  sides  of  the  ciliary  disc  and  the  peristom  is  the 
vestibulum,  into  which  both  the  oral  and  anal  outlets  open,  within  a  very 
short  space  of  one  another.  The  mouth  opens  below  into  a  cUiated  pharynx 
or  oesophagus,  which  is  extended  a  considerable  distance  into  the  interior  as 
a  digestive  tube,  terminating,  it  woidd  appear,  suddenly  by  an  open  end. 
The  food  received  at  the  mouth  is  transmitted  through  the  oesophagus,  and 
is  formed  at  its  extremity,  with  the  aid  of  water,  into  a  globule  or  vacuole, 
which  is  pushed  onwards  by  the  vis  d  tergo  in  a  circular  course  towards  the 
anal  outlet.  Besides  molecules  and  granules  derived  from  food  (vesicular 
bodies  composed  of  oily  or  other  matters),  there  are  always  present  in  the 
interior  a  round  contractile  vesicle  and  an  elongated  cm-ved  band- like  nucleus, 
often  with  several  minute  clear  spaces  or  nucleoli.  The  vesicle  is  usually 
placed  near  the  lower  end  of  the  digestive  tube,  and  the  curved,  horseshoe- 
shaped  nucleus  lies  across  at  the  posterior  third  of  the  animalcule.  The 
VorticellcB  multiply  by  longitudinal  self-division,  and  by  the  growth  of  gemmae 
from  their  base,  and  propagate  by  the  resolution  of  the  nucleus,  after  encyst- 
ing itself,  into  numerous  Euglena-Ml^e  or  Monadiform  beings,  and,  according 
to  Stein,  by  ciliated  embryos  through  the  medium  of  a  previous  conversion 
into  Acinetce.  The  new  beings  formed  from  fission  or  gemmation  are  at  fii'st 
in  a  contracted  condition,  and  on  their  detachment  ai-e  foimd  to  be  fuiTiished 
with  a  posterior  cii'clet  of  cilia  to  serve  as  a  means  of  locomotion  until  they 
affix  themselves  and  proceed  to  develope  a  pedicle,  after  which  it  disappears, 
and  the  ordinary  ciliary  wreath  of  the  head  unfolds  itself.  Indeed,  even 
when  these  processes  of  multiplication  are  not  in  operation,  a  Vorticella 
can  detach  itself  and  leave  its  stalk,  or  swim  aAvay  with  its  pedicle  when 
loosened  from  its  hold.  _ 

The  pedicle  is  remarkably  contractile,  draAving  itself  into  a  close  coil  with 
extraordinary  rapidity,  and  again  imcoiling  itself  with  equal  quickness,  regu- 
lating these  movements  by  external  conditions,  as  though  possessing  con- 
scigusnoss  and  wUl.  The  pedicle  is  a  hollow  tube,  containing  a  thread  or 
band  within  it,  to  which  its  contractile  power  is  due. 
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Vorticella  nebidifem  (  V.  ncbulifera  et 
V.  Convallan'a, M. ) . — Body campauiilate ; 
its  base,  to  which  the  pedicle  is  affixed, 
may  be  either  conical  or  hemispherical, 
according  to  its  state  of  expansion  or 
contraction ;  the  pedicle  or  stalk  is  about 
five  times  the  length  of  the  body,  and 
can  form  as  many  as  ten  coils.  These 
creatm-es  usually  congi-egate  together, — 
though  each  is  independent  of  its  neigh- 
bour ;  for  on  the  approach  of  any  foreign 
body  to  one,  it  withdraws,  by  coiling  up 
its  pedicle,  while  the  others  remaia 
stretched  out  in  search  of  food.  An  am- 
plification of  300  diameters  is  necessary 
to  exhibit  the  cUia.  Dming  lonmtudinal 
self-division  the  body  becomes  broader : 
genmiation  takes  place  from  one  or  other 
side,  close  to  the  insertion  of  the  pedicle. 
Abundant,  appearing  like  a  white  film, 
on  the  stalks  and  roots  of  Lemnse  and 
other  water-plants,  even  in  winter  imder 
ice.    1-570"  to  1-280"- 

This  is  one  of  the  species  of  Vorticella 
in  which  Stein  believed  he  proved  the 
development  of  an  Acineta  from  the 
encysted  animal,  and  also,  imder  other 
circumstances,  the  generation  of  a  brood 
of  young  Monadiform  beings  or  germs. 

V.  citrina  (M.). — More  hemispherical 
than  the  preceding,  and  the  frontal  mar- 
gin more  expanded.  Upon  Leniuffi, 
rarely  with  the  foi-mer  species.  1-430" 
to  1-210";  stalk  3  to  4  times  that  length. 

Perty  speaks  of  this  species  as  having 
a  stiff  stem,  and  apparently  closely  re- 
lated to  the  genus  Stentor.  Dujardin 
adopts  this  specific  name  for  a  Vorticella 
defined  as  being  very  variable  in  foi-m, 
often  campaniilate,  rarely  conical,  having 
a  wide  projecting  border,  variously  con- 
torted or  irregular. 

V.  microstoma  (xxvii.  1-6). — Whitish 
grey,  ovate,  naiTower  at  the  ends ;  frontal 
margin  not  expanded  or  campanulate; 
dm-ing  contraction  the  animal  is  anmi- 
lated;  multiplies  by  longitudinal  and 
transverse  (?)  self-division,  and  by  gem- 
mation. In  stagnant  water.  1-2300"  to 
1-240";  stalk  six  times  longer  than  the 
body. 

T'his  species  was  the  subject  of  the 
minutest  investigations  by  Stein,  who 
not  only  represented  it  as  becoming 
encysted,  but  also  as  being  either  trans- 
foraied  into  an  Adnata  or  Actinophri/s, 
from  which  a  ciliated  embryo  is  deve- 
loped, or  as  giving  origin,  without  such  a 
metamoi-phosis,  to  a  multitude  of  gemis. 
He  remarks  on  the  immense  range  of  size 
seen  among  difierent  examples  of  this 
aiiimalculo,  \iz.  from  1-.300"  to  1-3600" 


(xxvii.  5),  the  smallest  equally  with  the 
largest  exhibiting  the  same  structui'o. 
The  figm-e  he  describes  as  pear-shaped, 
the  anterior  half  contracted ;  the  ciliated 
disc  slightly  everted,  not  campanulate ; 
rotary  organ  small,  and  elevated  but 
slightly  above  the  periston!.  He  objects 
to  Dujardin's  union  of  this  species  with 
V.  convallaria,  under  the  name  of  V.  in- 
fusioniim,  as  eiToneous,  the  two  being 
perfectly  distinct  beings. 

V.  Campanula  {Vorticella  hmaris,  M.) 
(xxix.  1). — Hemispherical,  not  annu- 
lated,  bell-shaped,  with  the  frontal  mar- 
gin broad,  truncated,  and  not  expanded. 
Colour  whitish-brown.  This  species  ap- 
pears like  a  thick  bluish  film  upon 
water-plants,  and  the  single  animalcules 
are  discoverable  with  the  naked  eye. 
1-120";  stalk  seven  times  longer  than 
the  body. 

Perty  adopts  Miiller's  name  V.  lunaris 
for  a  species  which  he  considers  equiva- 
lent both  to  V.  Campa7iula  and  V.patellina. 

V.  hamata.  —  Small,  ovate,  hyaline, 
attenuate  at  both  ends ;  body  obliquely 
attached  to  the  pedicle.  1-570". 

V.  clilorostigma  (  V orticella  fasciculata, 
M.). — Green,  ovate,  conical,  campanu- 
late, and  annulated  ;  frontal  margin 
(peristom)  expanded.  Often  covers 
grasses  and  rushes  with  a  beautiful 
gTcen  layer.  1-240";  stalk  five  times 
the  length  of  the  body. 

V.  patellina  (M.).  —  Hemispherical, 
campanulate ;  frontal  portion  very  much 
dilated ;  its  margin  greatly  expanded,  and 
often  tm-ned  backwards.  1-480";  stalk 
about  seven  times  the  length  of  the  body. 

V.  convallaria  (  V.  craterifortnis,  citrina, 
gemella,  glohularia,  hilaris,  nasiita  et  trun.- 
catella ;  Enchelys  Fritillm ;  Triclioda  gy- 
rinus,  M.). — Ovate,  conical,  campanulate, 
annulated ;  hyaline  or  whitish ;  frontal 
portion  dilated,  its  margin  slightly  ex- 
panded. This  appeal's  to  have  been  the 
first  infrisorial  animalcule  discovered. 
Leeuwenlioek,  the  discoverer,  foimd  it 
in  stagnant  rain-water,  at  Delfl,  in  April 
1075.  It  occurs  in  considerable  abim- 
dance  upon  the  surface  of  vegetable  iii- 
fusions,  with  V.  microstoma,  from  which 
it  is  distinguished  by  its  broad  front, 
which  gives  to  it  a  bell-shaped  or  cam- 
panulate appearance.  Carus,  in  1823, 
fancifully  represented  it  as  arising  from 
spontaneous  generation  in  oil,  or  from 
an  accidental  mixture  of  oil  colour  and 
spring-water.  It  hna  been  described 
under  various  names  by  different  natu- 
ralists. 1-430"  to  1-24" ;  stalk  six  times 
its  length. 
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This  •well-knowu  animalcule  is  usually 
found  attached  to  extraneous  bodies  in 
water ;  such  as  the  leaves  of  duck-weed, 
small  aquatic  shells,  clusters  of  the  ova, 
or  the  larvEB  of  insects;  an  example  of 
the  latter  is  shown  in  the  Ificroscopic 
Illustrations,  fig.  30,  where  it  may  be 
considered  as  a  parasite,  or  rather  an 
epiphyte.  As,  when  fully  developed, 
it  is  mostly  attached  to  some  sta- 
tionai-y  object,  it  affords  many  facilities 
to  the  microscopist  for  observation,  and 
forms  a  good  object  also  for  ascertaining 
the  defining  power  of  his  instrument, 
and  his  ekpertness  in  its  management; 
for  much  of  the  clearness  in  structiu'e 
will  depend  on  the  manner  in  which  he 
manages  the  illimiination.  K  this  be  not 
attended  to,  and  the  instnmient  has  not 
sufficient  power  and  penetration,  it  will 
exhibit  only  two  cilia  instead  of  a  cir- 
cular row;  indeed  this  animalcule  is 
described  and  drawn  in  this  manner  by 
the  old  authors,— an  error  which  recent 
improvements  in  the  microscope  have 
demonsti'ated. 

Y.picta. — Ovate,  coni  cal,  campanulate ; 
frontal  portion  dilated,  and  its  margin 
slightly  expanded.  The  pedicle  is  very 
slender,  and  cmiously  marked  through- 


out its  length  with  red  dots.  1-1150"  to 
1-570" ;  stalk  fom-  to  five  times  as  long. 

Perty  treats  V.  lunaris,  V.  fasciculata, 
and  V.  drrata  of  Miiller  as  distinct 
species,  instead  of  accepting-  them  as 
varieties  of  others  named  by  Ehrenberg ; 
but  he  fails  to  give  the  characteristics 
necessary  to  their  establishment  as  such. 
It  is  to  be  remarked,  however,  that  V. 
lunaris  and  V.  fasciculata  are,  he  is  in- 
clined to  believe,  merely  varieties  of  the 
same  species. 

Vorticella  Anymlla  (Miiller)  is  treated 
by  Lachmann  as  the  representative  of  a 
new  genus,  as  yet  imnamed,  belonging 
to  the  Stentorinaa  (A.  N.  S.  1857,  xix. 
p.  128). 

V.  infusionum  (Duj.)  is  not  equivalent 
to  V.  microstoma  and  V.  Convallaria,  as  he 
represented  it  to  be.  He  desci-ibes  it  as 
commonly  ovoid  or  nearly  globular,  trim- 
cated  at  the  head,  with  a  slightly  pro- 
jecting border.  The  pedicle  is  very 
flexible,  its  sm'face  striated  obliquely. 

V,  ramosissima  (Duj.)  =  Carchesium 
polypinum  (Ehr.). 

V.  Arhuscula  (Duj.)  =  Zootha7miium 
Arbuscula  (Ehr.). 

V.  lunaris  (Duj.)=  F.  Campanula  and 
V.  patellina  (Ehr.). 


Genus  CAKCHESIUM  (XXX.  9).— Distinguished  from  the  precediug 
genus  by  the  spirally  flexible  branched  pedicle.  The  bodies  (zooids)  upon 
the  pedicle  are  all  of  the  same  form.  The  organization  of  this  genus  is  not 
so  well  knovra  as  that  of  Vorticella  and  Epistj/lis.  There  is  a  simple  wi'eath 
of  cilia,  which  during  quick  vibration  appears  double ;  and,  as  iu  Vorticella, 
a  posterior  circlet  is  produced  at  certain  periods ;  within  the  pedicle  a  trans- 
versely folded  contractile  band  is  observed  during  contraction.  The  mouth 
is  lateral.  Internally  are  whitish  granules,  and  a  contractile  bladder ;  but 
the  nucleus  is  indistiuct.  The  growth  of  gemmse  has  been  observed ;  and 
the  zooids  can  detach  themselves  from  the  stalk,  as  in  the  case  of  Vorticella. 

One  of  the  best  distiuctive  features  between  Carchesium  and  Zootliamnium, 
is  that  the  contractile  band  of  the  former  is  not  continuous  throughout  the 
pedicle  and  its  branches  as  it  is  in  the  latter  (see  p.  293).  Tliis  is  noticed 
both  by  Stein  and  Dr.  Wright :  the  latter  adds,  "  The  division  of  the  zooids 
is  more  complete  in  Carchesium  than  in  Zoothamnium.  In  the  former,  at 
each  division,  one  of  the  zooids  produces  a  new  muscle  not  connected  with 
that  of  the  zooid  from  which  it  has  separated." 


Cabchesium  polypi7tum  (Leeuwen- 
hoek)  (V.  polypina,  M.  and  Duj.)  (xxx. 
9). — Conical,  campamdate,  white  ;  the 
frontal  portion  broad,  trimcate,  and  its 
margin  expanded ;  pedicle  branched  in  a 
sub-umbellate  manner.  The  axis  matter 
or  supposed  muscle  of  the  pedicle,  first 
observed  by  Mr.  Varley,  is  very  distinct. 
1-570"  to  1-430". 


C.  pygmceum  {Zoothamnium  Parasita, 
Stein).— Very  small,  ovate,  white,  rather 
dilated  in  front;  pedicle  branched  in  a 
bifid,  rarely  in  a  trifid  manner.  1-2400''. 
Berlin.    (3n  Cyclops  quadricornis. 

C.  spectabile.  —  Conical,  campamdate, 
dilated  in  front ;  branching  in  an  obUque 
conical  polypary,  attaining  two  lines  in 
height.  Berlin. 


Genus  EPISTYLIS  (XXVII.  16, 22, 23  ;  XXX.  11).— PecUcle  rigid,  cither 
simple  or  branched  ;  all  the  zooids  of  the  same  figure  ;  or,  iu  other  words, 
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they  £u-e  Vorticellce  or  Carchesia  with  a  rigid  hollow  pedicle,  without  an 
internal  contractile  band.  The  situation  of  the  mouth  and  anal  opening  is 
easily  demonstrated  by  the  employment  of  coloured  food.  In  E.  johcatths,  says 
Ehrenberg,  the  whole  course  of  the  alimentary  canal  can  be  seen.  A  con- 
tractile sac  and  a  short  band-like  nucleus  are  observable  in  many  ;  the  latter, 
however,  is  spherical  in  E.  nutans.  Longitudinal  self-division  and  gemmation 
frequently  seen.  The  Epistylides  are  among  the  largest  of  the  YorticeUina, 
and  are  exclusively  found  in  pui-e  water,  on  aquatic  plants  or  animals.  ^ 

Stein's  researches  throw  additional  light  on  the  structure  of  Epistylis, 
which,  he  says,  resembles  generally  that  of  Vorticella.  The  body  has  usually 
an  ovoid  or  almost  spindle-shaped  figm-e,  truncate  in  front,  where  a  slightly 
everted  ciliated  peristom,  of  a  sphincter-  or  lip-like  character  surrounds  it,  and 
gives  to  the  whole  beiug  somewhat  of  a  bell-shape.  Withia  the  peristom  is  a 
ciliaiy  disc  capable  of  being  protruded  or  retracted  at  the  pleasui-e  of  the 
animal,  and  having  on  one  side  the  oral  apertm-e.  This  disc  is  the  "  rotary 
organ  "  in  Stein's  description,  and  in  Epistylis  its  pedicle  or  stem  is  always 
short  and  thick.  When  retracted,  the  sphincter-hke  peristom  closes  over  the 
rotary  organ  like  a  lid,  and  then  the  whole  animal  acquires  a  pear-shaped  or 
globular  fig-ure.  "^Tien  the  contraction  has  proceeded  to  its  utmost,  the 
peristom  appears  like  a  wedge-shaped  or  cylindiical  process  surmounting  the 
body.  The  mouth  opens  into  a  sUghtly  coiled,  tapering  tube,  which  ends 
abruptly  towards  the  centre  of  the  body ;  near  its  termination  is  a  contractile 
vesicle,  and  not  far  from  the  last  an  elongated  band-Hke  or  reniform  nucleus. 
Epistylis  multiplies  in  precisely  the  same  manner  as  Vorticella,  by  fission 
and  gemmation.  Stein  believes  he  has  traced  a  cycle  of  changes  through 
which  it  passes,  between  the  encysted  condition  on  the  one  hand,  and  the 
development  of  a  ciliated  Trichodina-Vike  embryo  from  an  Acinetiform  phase 
of  existence  on  the  other.  His  observations  tend  to  show  that  the  embiyonic 
being  developed  from  the  Adneta  of  Epistylis  anastatica  is  similar  to  Triclwdina 
Grandinella  (Ehr.),  and  probably  identical  with  it.  In  E.  nutans  he  satisfied 
himself  of  the  occurrence  of  similar  transformations,  but  felt  less  assui-ed  of 
their  occurrence  in  E.  grandis,  E.  herheriformis,  E.  Barba,  and  E.  plicatilis. 

The  stem  or  pedicle  is  infiexible.  No  canal,  as  represented  by  Ehrenberg,  is 
usually  discoverable ;  but  sometimes  the  stem  is  finely  striated  longitudinally, 
and  in  older  specimens  has  at  varying  distances  transverse  lines  or  false  joints. 
Dujardin  proposed  to  amalgamate  the  two  genera  Epistylis  and  Opercidana, 
since  he  could  distinguish  no  generic  differences  between  them.  In  this  pro- 
posal, however,  he  was  wrong,  for,  as  Stein  shows,  there  are  sufiicient  di- 
stinctive peculiarities  to  warrant  their  generic  independence.  (See  description 
of  Opeeculaeia.)  The  animals  seated  on  its  branches,  by  their  mode  of 
articulation,  enjoy  considerable  latitude  of  motion,  and  are  also  able  in  some 
degree  to  shorten  themselves  by  the  annular  segments  of  their  base. 

The  stem  is  secreted  by  the  animalcules  it  supports.  AVTien  fission  has  taken 
place,  two  beings  are  for  a  time  seen  seated  at  the  extremity  of  the  same 
pedicle ;  but  soon  each  begins  to  produce  from  its  attached  base  a  new  pedicle 
for  itself,  and  thus  the  original  stem  becomes  branched,  and  this  in  a  fiu-cate 
or  dichotomous  manner. 

_  AH  the  members  of  the  same  little  tree  (polypidom)  are  of  nearly  equal 
size.  In  the  case  of  E.  nutans,  the  largest  noticed  were  l-20th  of  a  line  in 
length  ;  whilst  in  other  polypidoms,  whose  stems  and  branches  were  propor- 
tionately thmner,  examples  were  met  with  of  very  minute  size  (XXYII.  22, 
23).  In  the  smallest,  no  anterior  cilia  and  no  contained  globules  were 
visible  ;  in  larger  ones,  though  only  l-150th  of  a  line  in  length  (XXVII.  23), 
such  were  foimd.    These  latter  forms  constitute  Epistylis  Botrytis  (Elir.). 
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Epistylis  Galea.  —  Large,  conical, 
contractile  by  transverse  folds;  mouth 
lateral  and  projecting;  pedicle  thick, 
branched,  and  ai'ticulated.  Upon  Cera- 
tophyllum.  1-120". 

E.  anastatica  (  V.  anastatica,  cratcBgaria 
et  ringeiis,  M.). — Oval,  without  folds; 
frontal  margin  dilated  and  projecting; 
pedicle  dichotomous,  smooth — or  squa- 
mous with  foreign  particles.  The  gra- 
mdes  are  white  by  reflected,  and  yel- 
lowish by  ti'ansmitted  light :  the  clear 
vesicle  is  often  to  be  seen,  but  not  its 
contraction;  gro-\vth  of  gemmae  im- 
known ;  self-division  longitudinal. 
Upon  Ceratophyllum  and  small  aquatic 
MoHusca  and  Entomostraca.  1-280"; 
height  of  little  tree  1-140". 

"  E.  anastatica,"  says  Stein,  "  differs 
from  E.  Diff  {talis,  which,  it  very  closely  re- 
sembles, by  the  form  of  its  hodj,  which  is 
always  fimnel-shaped  and  campanulate, 
like  that  of  E.  plicatilis,  only  less  elon- 
gated, and  by  the  branches  of  its  stem 
being  outspread  in  a  fan-like  manner 
and  acquiring  a  neaiiy  equal  height,  or 
an  umbellate  condition."  He  adds,  "  The 
three  species  most  nearly  allied,  viz.  E. 
anastatica,  E.  plicatilis,  and  E.  Digitalis, 
have,  when  studied  at  difierent  ages,  few 
points  of  separation,  except  that  furnished 
by  their  habitats, — E.  plicatilis  living 
upon  the  shells  of  Mollusca;  E.  anas- 
tatica upon  the  roots  of  Lemna ;  and  E. 
Digitalis  upon  Cyclcps  quadricornis." 

E.  plicatilis  (  V.  annularis  et  pyraria, 
M.). — Conical  and  elongated,  conti'actUe 
in  annular  folds ;  fi-ontal  margin  dilated, 
trimcated,  and  slightly  projecting; 
pedicle  dichotomous,  often  corjonbose, 
smooth,  or,  when  foreign  bodies  adhere, 
of  a  scaly  appearance.  This  species  is 
white  to  the  naked  eye,  but  somewhat 
3'eUow  beneath  the  microscope ;  it  is 
very  much  like  the  preceding,  is  often 
found  with  it,  but  is  distinguished  by 
being  larger,  by  its  ring-like  folds  when 
contracted,  and  by  the  tasselled  or  tufted 
appearance  of  the  cluster.  1-280"  to 
1-210". 

The  stem,  says  Stein,  is  solid  and 
longitudinally  striped.  The  nucleus  is 
renifoi-m,  and  the  contractile  vesicle  lies 
within  the  substance  of  the  large  i-otary 
organ.  In  old  stems  ti-ansverse  lines  or 
joints  appear,  at  a  distance  from  one 
another.  The  largest  examples  Stein 
met  with  were  1-168"  in  length. 

E.  —  Broadly  campanidate, 

stalk  decumbent,  slender,  smooth;  the 
"branches  flexible  and  without  articula- 
tions, but  much  tufted.    This  is  not  only 


the  largest  freshwater  species  of  Epi- 
stylis, but  it  iilso  fonns  the  greatest 
masses.  Its  proper  colour  is  a  bluish 
white  ;  but  it  often  appears  of  a  yellow  or 
greenish  hue,  fr'oni  the  coloui'  of  its  food. 
Upon  Ceratophyllum  and  Nymphcaa, 
often  like  a  bluish- white  slime,  easily 
broken  up.  In  masses  several  feet  long, 
and  two  to  three  inches  thick.  1-140"  to 
1-120". 

E.  fiavicans  (  V.  acinosa  et  hellis,  M.). 
—  Large,  broadly  campanulate,  and  of 
a  yellow  colom-;  pedicle  smooth,  its 
branches  coarctate.  The  branches  are 
dilated  at  the  axillse.  In  this  species  the 
alimentary  canal  is  very  evident.  Size 
(stretched  out)  1-190";  ti-ee  1-9"  high. 

Although  Stein  represents  the  stem 
in  Epistylis  to  be,  as  a  rule,  solid,  yet,  in 
a  passing  notice  (p.  72)  of  E.  Jlavicans, 
he  remarks  that  the  pedicle  evidently 
had  a  hollow  central  canal. 

E.  leucoa  ( Volvox  Sphtm-ula,  M.).  — 
Large,  broadly  campanulate ;  pedicle 
erect,  smooth,  and  articulated;  the 
branches  capitate  or  collected  in  a  head. 
These  animalcides  are  convex  anteriorly, 
have  distinct  colomiess  gTanules,  a  sim- 
ple wiieath  of  cilia,  and  a  roimd  mouth  on 
the  margin.  The  nucleus  is  bent  in  the 
form  of  the  letters.    1-120";  tree  1-24". 

E.  Digitalis  (V.  Digitalis,  ritigem  etin- 
clinans,  M.). — Small,  cylindrical,  campa- 
nidate; stem  dichotomous,  and  finely 
annulated.  This  weU-marked  foi-m  in- 
fests the  Cyclops  quadricornis,  which  it 
sometimes  completely  covers.  In  the 
beautiful  little  tree  this  species  foi-ms  by 
its  branching,  the  Notommata  petromyzon 
nestles  just  like  a  bird  in  a  bush,  and 
fastens  its  eggs  to  its  branches.  Coloured 
food  is  readily  taken.  1-430" ;  tree  1-20". 

The  figm-e  is  more  like  that  of  the 
flower  of  the  foxglove  (Digitalis),  as  the 
name  implies,  than  bell-shaped ;  for  the 
peristom  is  very  little  everted,  and  its 
diameter  not  greater  than  the  middle  of 
the  body.  The  rotaiy  organ  protrudes 
some  distance,  and  lies  very  obliquely. 
The  nucleus  is  band-like,  and  cm-ved  m 
a  semicircle.  The  annidation  of  the 
stem  could  not  be  seen  by  Stein,  except, 
as  in  \erjman.j I^nstylidcs,  near  the  junc- 
tion or  bifm-cation  of  the  branches,  and 
occasionally  in  very  old  specimens :  in 
these  last  it  often  has  a  rusty  colour. 

E.  (?)  nutans  {Opercularia  mitans, 
Stein).  —  Ovate,  attenuated  at  both 
ends ;  mouth  two-lipped  and  prominent. 
The  pedicle  annulated  (xxvu.  16,  22, 
23).  "This  animalcule,"  says  Ehrcn- 
berg,  "can  pusli  forth  a  bladder  between 
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its  lips,  like  (si  parva  licet  componere 
magnis)  a  canael  can  its  palate".  1-430" ; 
tree  1-24". 

The  process  above  alluded  to  by 
Ehrenberg  as  protruded  from  the  head 
of  this  animal  is  undoubtedly  the  sort  of 
under  lip  alluded  to  hy  Stein  in  his  ac- 
coimt  of  Opercularia  (see  next  page). 
This  author,  again,  confirms  Ehrenberg  in 
his  doubt  as  to  the  position  of  this  species, 
and  shows  that  it  is  an  Opercularia. 

T^.Botrytis. — Verysniall,ovate,crowned 
with  cUia.  They  resemble  gi'apes  upon 
a  simple  hyaline  pedicle.  This  species 
together  with  E.  Arubica  and  Carcliesium 
pygmcsum  are,  in  Stein's  opinion,  not 
really  distinct  species,  but  different 
phases  of  the  same  animalcule.  1-2400"  ; 
tree  1-240"  (see  p.  589,  last  line). 

E.  vegetans  ( Volvox  vegetans,  M.).  — 
Veiy  small,  ovate,  crowned  with  cilia 
(?) ;  disposed  in  clusters,  like  the  pre- 
ceding, upon  a  branched  pedicle,  of  a 
yeUow  colour.  When  the  water  con- 
taining this  species  is  colom'ed  with 
indigo,  strong  cmTents  are  seen  at  the 
front  or  head  of  each  animalcule,  evi- 
dently caused  by  a  vibratile  organ ;  but 
whether  this  is  a  wi-eath  of  cilia  or  a 
simple  proboscis,  is  imdetermined ;  if  a 
proboscis,  this  creatiu'e  woxdd  belong  to 
the  Monads,  where  it  would  form  the 
type  of  a  new  genus.  In  river-water. 
1-3450" ;  tree  1-140".  ■ 

Brightwell  says  {Fauna  Infusoria  of 
Norfolk,  1848)  that  the  armed  or  oval  ani- 
malcules are  fm-nished  with  a  long  fila- 
ment, that,  when  the  water  is  shallow, 
they  detach  themselves,  and  swim  about 
with  a  revolving  motion.  The  organ  of 
motion  he  states  to  be  a  long  filament 
(proboscis)  ;  if  so,  the  animal  is  not  an 
JBpistylis.  Stein  ti'eats  it  also  as  a  very 
doubtful  Epistylis. 

E.  parasitica. — Small,  conical,  campa- 
nulate,  and  solitary  ;  pedicle  simple  and 
smooth.  Upon  Zoobotryon  pellucidus. 
1-570"  ;  with  pedicle  1-120"  to  1-24". 

E.  Arahica.  —  Small,  oval,  campanu- 
late ;  pedicle  but  little  branched,  smooth, 
and  hyaline.  In  the  Red  Sea.  Size  of 
tree  1-140". 

This  species,  as  well  as  E.  Botrytis  and 
Carchcsium  pygmceum,  are  adduced  by 
Stein  as  insufficiently  marked,  and  re- 
ferred by  him  to  the  young  and  incom- 
plete foiTOS  of  other  species. 

E.  Barha.  —  Ovate,  oblong,  white ; 
branches  dichotomous;  longitudinally  and 
regularly  striated.    On  larvfe  of  insects. 

E.  herherifonin.1  =  Opercularia  hcrbc- 
riiia  (Stein)  (xxix.  4). — Oblong,  sub- 


cylindrical,  white ;  stem  dichotomoius, 
articulated,  and  striated,  its  divisions 
dilated  at  their  apices.  Parasitic,  Berlin. 

This  is  not,  as  Stein  shows,  a  species 
of  Epistylis,  but  of  Opercularia,  under 
which  we  shall  introduce  it  with  the  de- 
scriptive account  this  able  writer  supplies. 

E.  euchlora. — Oblong,  rather  expanded 
in  front,  with  green  ova ;  stem  dichoto- 
mous. 1-13"  in  height,  smooth.  Para- 
sitic on  Planorbis  cornea,  Berlin. 

E.  paoonina.  —  Very  large,  helmet- 
shaped,  elongated  in  fr'ont;  stem  very 
high,  dichotomous,  striated,  and  hence, 
by  decomposing  light,  displays  many 
hues.    Often  1-3"  in  height.  Berlin. 

E.  crassicollis  (Stein)  (xxx.  11). — 
Stem  of  considerable  height,  acutelj^  and 
dichotomously  branched  so  that  the  seve- 
ral zooids  it  supports  ai'e  brought  nearly 
on  the  same  level  (corymbose).  Branches 
smooth,  transparent,  straight,  and  of 
equal  thickness.  In  some  specimens 
transverse  lines  or  joints  occur  j  and  the 
stem  is  fi-equently  dilated  at  the  point 
of  divergence  of  its  branches.  Animal- 
cules o-^  ate,  contracted  posteriorly,  and 
also  in  a  slighter  degTee  anteriorly.  The 
annulated,  hoop-like  peristom  surmomits 
the  body,  having  a  rather  smaller  dia- 
meter. The  rotary  disc  is  convex,  but 
rises  only  slightly  above  the  peristom. 
The  oesophagus  and  its  intestine-like 
continuation  curve  backwai'd  almost  to 
the  posterior  extreniitjr  of  the  body. 
The  conti-actile  space  lies  close  to  the 
lower  end  of  the  stem  of  the  rotary 
organ ;  the  nucleus  is  horseshoe-shaped. 
Contents  white,  fi'equently  with  specks 
of  red.  Largest  specimens  1-240"  in 
length,  and  1-480"  in  width.  Occurs  on 
the  bristles  ^of  the  hind  feet  and  of  the 
jaws  of  Entomostraca. 

E.  branchiophila  (Perty).  —  Spherical, 
with  a  ti'imcate  base ;  colour  grey.  Stem 
and  branches  colourless  and  smooth. 
1-360";  length  of  polypidom  1-9G".  The 
animalcules  are  sparse  in  reference  to  the 
dimensions  of  the  stem :  the  latter  often 
rugose  at  its  jimction  with  the  animal  it 
supports.  "When  the  stem  contracts  it 
does  so  only  on  one  side,  and  not  com- 
pletely across.  Both  this  description 
and  the  figures  given  in  illustration  by 
Perty  are,  as  Stem  observes,  insufficient 
to  characterize  the  species.  The  latter 
writer  retains  the  name,  however,  for  an 
Epistylis  having  a  relatively  thick  stem, 
of  moderate  height,  repeatedly  forked, 
finely  striated  and  somewhat  curved.  Of 
the  two  branches  resulting  from  a  bifur- 
cation, one  attains  a  much  greater  length 


592 


SYSTEMATIC  HISTOEY  OF  THE  INFUSORIA. 


than  the  other ;  hence  the  appearance  of 
a  main  stem  and  a  subsidiary  branch. 
The  zooids  terminating  the  ramifica- 
tions are  pear-shaped,  the  width  nearly 
equalling  the  length,  and  almost  glo- 
bular when  the  periston!  is  contracted. 
They  are  of  a  greyish  hue.  The  roimded, 
lip-like,  cUiated  peristom  is  of  less  dia- 
meter than  the  widest  part  of  the  body  ; 


and  its  entire  space  is  occupied  by  the 
rotary  organ,  which  is  only  a  little  ele- 
vated above  it  when  extended.  The 
nucleus  is  elongated  and  vermicular. 
The  average  length  of  the  body  is  1-360" 
to  1-280";  and  the  width  1-456"  to 
1-336".  Gemmation  may  be  frequently 
seen,  the  buds  growing  from  the  fore 
part  of  the  body  behind  the  peristom. 


Genus  OPEKCULARIA  (XXIX.  4 ;  XXX.  1,  2,  27).— Branched  pedicle, 
stiff  and  rigid,  supporting  dissimilar  corpuscles  (zooids).  The  anamalcules 
have  two  lips ;  the  superior  one,  supported  by  a  muscle,  is  somewhat  like  a 
lid  (operculum),  which  is  a  characteristic.  Opercularia=  Epistylis  with  dis- 
similar corpuscles.  The  organs  of  locomotion  consist  of  a  wreath  of  cilia, 
and  a  long  muscle  within  the  body  ;  this  raises  or  depresses  the  frontal  region, 
ia  the  form  of  an  upper  lip.  Food  is  taken  iato,  and  its  effete  portions  dis- 
charged from  the  large  vestibulum  situated  in  front  and  rather  to  one  side, 
and  to  and  from  which  the  alimentary  canal  is  seen  running.  Self-division 
and  the  separation  of  the  zooids  from  the  stalk  may  be  frequently  observed. 
The  large  dissimilar  bodies  occur  singly  beneath  the  anioaalcnles,  more  espe- 
cially in  the  axillsB  of  the  branches ;  some  are  very  large  and  egg-shaped, 
with  hairs  at  their  point,  and  only  a  small,  round,  non-vibratile  opening. 
Ehrenberg  observes  that  such  are  most  probably  parasitic  bodies.  In  all 
probability,  however,  they  are  encysted  corpuscles. 

The  following  characters,  contrasted  with  those  of  Epistylis,  are  given  by 
Stein.    The  peristom  is,  in  Opercularia,  merely  a  single  border,  neither 
ciliated,  thickened,  nor  everted  in  a  campanulate  manner.    The  body,  there- 
fore, is  elongated,  ovoid,  constantly  narrowed  anteriorly,  and  simply  truncated. 
The' opening  of  the  peristom,  which  also  forms  that  of  the  mouth,  extends  as 
a  wide  and  deep  cavity  (the  vestibulum)  to  the  oesophagus,  which  is  prolonged 
far  into  the  body  as  a  narrow  digestive  tube.    A  distinction  between  this  last 
canal  and  the  oesophagus  is  indicated  by  a  group  of  three  or  foui-  strong  ciHa 
placed  at  its  commencement.    The  rotary  organ  springs  from  the  wide  oral 
cavity,  on  one  side,  by  a  narrow  pouit,  which  is  the  apex  of  its  trumpet- 
shaped  figure.    The  base  of  this  long  conical  sac  is  formed  by  its  ciliated  disc, 
which  is  thrust  much  above  the  peristom  when  extended,  but  can  be  drawn 
down  upon  it  and  close  it :  the  whole  organ  is  very  moveable.    The  older 
observers  looked  upon  the  rotaiy  organ  as  a  valve  or  Kd ;  and_  Ehrenberg 
supposed  it  to  have  a  long  retractile  muscle  which  could  close  it  upon  the 
mouth.   However,  no  muscle  exists  within  the  pedicle  of  the  organ  ;  for  this  is 
a  hollow  sac  filled  with  the  same  substance  as  the  general  cavity  of  the  body, 
and  in  dii-ect  communication  mth  it.   The  pedicle  of  the  ciHary  disc  is  longer 
and  more  moveable  than  that  of  Vorticella  and  Ejjisti/lis.   The  genus  Ox)ercu- 
laria  is  further  distinguished  by  the  presence  of  a  deUcate  membranous,  trans- 
parent process  which  stands  out  fi-om  the  throat  like  an  internally  fixed  coUar, 
and  is  elevated  above  the  peristom,  forming  a  sort  of  under  Up  to  the  rotaiy 
organ  Whether  this  is  ciliated,  or  only  a  vibrating  membrane.  Stein  remams  m 
doubt'    It  is  the  same  structure  as  is  referred  to  by  Ehrenberg  m  his  note  on 
Epistylis  ?  ( Opercularia)  nutans  as  a  protrusile  bladder-Hke  process  (see  p.  590). 

many  as  forty-foivr  stomach-cells  filled, 
resembling  a  girdle  in  the  middle  of  the 
body.     The  stalk   is  very  delicately 


Operculauia  articulata  (V.  Operctt- 
laria,  M.)  (xxx.  1)  occurs  as  a  little 
shrub,  1-6"  to  1-4"  high,  white  and 
dichotomous;  carmine  and  indigo  readily 
taken  ;  and  Ehrenberg  states  he  saw  as 


striated  in  a  longitudinal  direction,  and 
shows,  at  its  ramifications,  a  transverse 
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line,  or  j  oiut.   Upon  Dytiscus  manjinalis. 
1-4;W".  .  . 

Stein  creates  several  additional  species 
of  Opercularia,  and  has  entered  into  many 
details  respecting  the  structure  of  0.  ur- 
ticulata  (xxx.  1,  2).  According  to  him, 
the  body  is  spindle-shaped  or  ovate-elon- 

fate,  and  ti'imcate  before  and  behind, 
'he  peristom,  which  is  continuous  with 
the  body,  forms  a  simple  temiinal  edge, 
sometimes  quite  smooth,  at  others  plaited 
longitudinally.  Similar  plaits  often  occur 
at  its  posterior  half,  when  the  animalcule 
contracts  itself.    The  disc  of  the  rotary 
organ  has  three  cu'clets  of  cilia,  is  con- 
tractile and  changeable  in  form.  The 
oral  cavity  behind  the  margin  of  the 
peristom  is  very  wide  and  deep,  ex- 
panded as  a  capacious  sac,  from  one 
comer  of  which,  posteriorly,  the  digestive 
tube  proceeds.  It  is  lined'internally  by  a 
delicate  hyaline  membrane,  which  pro- 
jects beyond  the  peristom  like  an  upright 
collai-.  At  the  base  of  the  body  is  a  dense 
collection  of  granides,  apparently  of  a 
fatty  character.    The  nucleus  is  horse- 
shoe-shaped, and  a  round  contractile 
space  lies  near  to  the  digestive  tube  at 
its  commencement.    There  is  a  pecu- 
liar glandular-looldng  body  on  each  side 
of  the  oral  cavity  at  the  anterior  part  of 
the  body,  the  nature  of  which  is  not  de- 
tennined.    When  in  a  state  of  contrac- 
tion the  animal  is  thrown  into  annular 
folds,  the  rotary  organ  completely  re- 
tracted, and  the  peristom  closed  over  it 
in  a  sphincter-like  manner,  the  whole 
body  assuming  a  spindle-shaped  fonn, 
or,  when  contracted  to  the  utmost,  a 
pyrifonn  or  orbicular  figm'e.  Reproduc- 
tion takes  place  by  gemmation;  but  fission 
has  not  been  observed :  Stein  believes  in 
the  transformation  of  the  animals  into 
Adnetce,   and  the   development  fi'om 
these  of  ciliated  germs  (xxx.  3,  4). 

The  length  of  the  body  of  the  largest 
specimens,  when  extended,  is  1-96" ; 
and  the  greatest  width,  at  the  middle, 
1-216".  The  stem  is  very  variously 
branched,  and  is  less  rigid  and  more 
flexible  than  in  other  species.  The 
transverse  lines  or  false  joints  are  not 
characteristic,  and  the  longitudinal  stiia- 
tion  is  not  always  observable. 

0.  herhe)-ina  (Stein)  (xxix.  4)  =  Epi- 
stylis  herheriformis  (Ehi'.). — Animalcules 
outstretched  elongated,  cylindrical, 
slightly  contracted  before  and  behind  : 
about  2J-  times  longer  than  broad,  -with- 
out reckoning  the  extruded  rotary  organ. 
No  separable  peristom  exists  at  the  aute- 
rior  trancated  extremity  (i.e.  in  technical 


plu-ase,  it  is  obsolete);  rotaiy  organ 
comparatively  shortly  stalked,  its  disc 
having  a  single  whorl  of  cilia.  Oral 
cavity  capacious,  as  in  0.  articulata ;  its 
membranous  lining  midulating,  and  seen 
with  difficulty.  An  anal  opening  ap- 
pears at  the  base  of  the  oral  cavity,  not 
far  from  the  orifice  of  the  oesophagus. 
Even  when  expanded,  the  body  is  sur- 
rounded by  thickly-placed  annular  folds, 
which  become  much  more  sti'ongly  |)ro- 
noimced  when  it  contracts  itself.  The 
sm-face  of  the  body  is  covered  by  a  very 
firm,  transparent,  structm'eless  mem- 
brane, which  can  be  isolated  for  exa- 
mination without  any  special  prepara- 
tion, and  is  often  left  behind  after  death 
as  a  distinct  sheath  or  skeleton.  Multi- 
plication by  gemmation  has  not  been 
observed;  but  fission  is  common.  The 
largest  specimens  were  1-190"  in  length, 
and  1-570"  in  width. 

The  form  of  the  stem  is  very  variable, 
for  two  similar  specimens  are  scarcely 
to  be  found  ;  yet  in  all,  the  animalcules 
ai-e  supported  at  different  heights,  on 
stems  varying  in  length,  and  therefore 
not  corymbose.  The  stem,  like\vise,  has 
not  the  stiff,  regiilai-  construction  of 
most  Opercitlarim  and  Epistylides,  but  is 
generally  cmwed  outwards,  and  has  at 
variable  distances  transverse  lines  or 
joints  ;  the  extremity  supporting  the 
animalcule  is  expanded.  It  is  through- 
out solid,  colomiess,  and  diaphanous, 
and  if  at  all  striated  longitudinally,  is  so 
in  a  very  faint  manner.  On  aquatic 
animals.  Stein  believes  he  has  dis- 
covered its  Acineta  (xxiu.  17,  20). 

0.  Lichtemteinii. — Body  stout,  short, 
baiTel-like,  the  length  not  being  double 
the  width ;  except  in  sparingly-branched 
stems,  the  opposite  ends  are  little  con- 
tracted. The  rotary  organ  is  but  slightly 
elevated  above  the  peristom ;  its  stem  is 
short,  thick,  and  almost  cylindrical,  little 
exceeded  in  width  by  the  disc  sm-mouut- 
ing  it,  which  has  but  a  single  circlet  of 
cilia.  The  membranous  process  within 
the  oral  cavity  rises  above  the  peristom, 
is  notched,  thrown  into  longitudinal  folds, 
and,  to  all  appearance,  ciliated.  The 
nucleus  is  always  sliort  and  oval  or 
round ;  its  position  varies ;  tlie  con- 
tractile space  is  circular,  in  proximity 
to  the  beginning  of  the  digestive  tube 
or  the  oesophagus.  The  heap  of  fatty 
corpuscles  near  the  base  is  nresent,  as 
in  many  rigid-stem  Vortioellina.  The 
maximum  length  is  1-190";  and  the 
width  1-300".  It  differs  from  0.  arti- 
mlata  (xxx.  1,  2)  by  its  round  nucleus, 
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and  from  0.  herheiina  (xxix.  4),  which 
it  closely  resembles  in  its  general  orga- 
nization, by  its  leng-tli  and  width  being 
much  nearer  equal,  and  by  its  not  being 
bent  backwards  on  the  stem  when  con- 
tracted. Stein  describes  its  Acineta  and 
the  ciliated  embryo  resulting  from  it. 
The  stem  is  subject  to  gi-eat  varieties ; 
but  these  all  agree  in  the  stem  expanding 
fi'om  its  base  in  a  more  or  less  mai'ked 
manner,  in  the  branches  being  all  of  equal 
length,  and,  in  consequence,  the  zooids 
elevated  at  different  heights.  The  stems 
of  the  oldest  generations  are  low,  and 
have  but  few  animalcules  upon  them, 
which  are  seated  on  short,  ciu-ved,  and 
enormously  thick  branches,  such  as  are 
seen  in  no  other  Ojyercularia.  The 
whole  surface  of  the  stem  is  covered  with 
numerous,  closely-placed,  shallow  and 
deep  transverse  folds  or  constrictions, 
which  give  it  a  knotty  appearance ;  it  is 
also  longitudinally  sti-iated.  In  younger 
generations  the  stems  are  more  densely 
branched  ;  but  the  branches  are  not  ex- 
ti'aordinarily  thickened,  being  as  slender 
as  those  of  the  larger  groups  of  0.  wti- 
culata,  and,  like  these,  have  only  here  and 
there  transverse  markings, — ^for  instance, 
at  the  angles  of  the  branches.  They  are 
also  longitudinally  striped,  and  differ 
further  fi'om  O.  herherina  by  their  ex- 
pansion upwards  towards  the  base  of 
the  superposed  animalcule.  On  aquatic 
Crustacea  and  MoUusca. 

0.  stenostoma  (Stein).  —  Body  pyi-i- 
form,  widest  in  front  of  the  middle  line, 
rounded  anteriorly,  with  a  very  naiTow 
peristom,  and  behind  the  middle  strongly 
contracted,  so  as  to  assume  the  appear- 
ance of  a  pedicle.  The  disc  of  the  rotary 
organ  is  very  nan-ow  across,  fringed  with 
a  single  row  of  cilia;  the  membranous 
process  from  the  oral  cavity  rises  only  so 
much  above  the  peristom  as  to  form  a 
narrow  annular  ridge.  Nucleus  long  and 

Genus  ZOOTHAMNIUM  (XII.  67,  68,  69).— Comprehends  Vorticelhna 
with  a  spirally  flexible  branched  pedicle  having  an  internal  muscle.  The 
stalked  corpuscles  are  of  different  shapes  ;  a  wreath  of  cilia  sniTOunds  the 
frontal  region.  The  month  simple  and  lateral.  Numerous  round  stomach- 
ceUs  (vacuoles)  can  be  demonstrated  by  artificial  feedings.    Self-division  has 

been  observed.  i  j  i.  -i  a 

The  more  accui-ate  examination  of  Stein  supplies  additional  details,  and 
corrects  those  above,  as  given  by  Elirenberg.  The  so-called  frontal  region  is 
the  peristom  of  Stein,  which  presents  a  rounded  tumid  border,  but  no  cilia  ; 
for  these  organs  form  a  fringe  around  a  ciliary  disc  within  the  cii-cumference 
of  the  peristom,  which  can  be  protruded  beyond,  or  retracted  VNitoi  \t.  in 
short,  Zooilmmnium,  lilce  other  Vorticcllina,  has  a  "  rotaiy  organ,  which,  bj' 
the  whirUng  of  its  ciUa,  draws  inward  to  the  mouth,  situated  on  one  side  ot 


horseshoe-shaped  ;  conti-actile  space  cir- 
cular, placed  near  the  commencement  of 
the  cesopliagus.  Stem  branched  diclioto- 
mously,  but  short,  whence  the  individual 
animalcules  (not  more  than  4-G  in  num- 
ber) are  in  near  apposition.  1-900" ; 
length  of  stem  1-3G0".  The  stiff  stem  is 
small  relatively  to  the  body,  striated 
longitudinally,  and  obscurely  wrinkled 
transversely.    On  aquatic  Mollusca. 

O.  microstoma  (Stein)  (xxx.  37). — 
Very  similar  to  the  last-named  species, 
liike  this,  it  forms  a  lowly-branched  stem 
bearing  few  animalcules.  The  branches 
are  comparatively  thin,  and  mostly 
marked  by  thickly-set  annular  constiic- 
tions,  rendering  it  more  or  less  crooked 
and  knotty.  Some  stems,  however,  are 
quite  smooth,  and  also  without  trace  of 
longitudinal  sti-ise.  The  animals,  when 
extended,  are  pear-shaped,  and  have  a 
constriction  behind  the  middle,  and  in 
front  a  veiy  narrow  peristom.  Rotaiy 
organ  with  a  short  stem  and  a  nai-row 
disc;  on  the  opposite  side  of  the  oral 
cavity  is  a  tongue-like  membranous  pro- 
cess. The  oral  cavity  is  compai-atively 
naiTOw;  the  digestive  tube  short,  the 
contractile  vesicle  lies  near  its  upper 
end,  and  the  ciuved,  hook-like  nucleus 
behind  the  rotary  organ.  In  contraction 
the  animal  retains  its  pji-iform  figm-e, 
and  is  thrown  into  annidar  folds  poste- 
riorly. When  more  sti-ongly  contracted, 
it  becomes  oval.  Greatest  length  1-280"  ; 
width  1-450".    On  the  feet  of  Crustacea. 

0.  nutans  (Stein)  =  Epistylis  nutans 
(Ehr.)  ;  but  the  description  by  Ehren- 
berg  requires  to  be  modified  by  the  dis- 
coveries of  Stein,  to  render  it  con-ect  and 
characteristic.  The  two-lipped  mouth 
is  a  misapprehension  of  the  rotaiy  organ 
and  membranous  process  of  the  oral 
cavity,  and  the  reti-actile  palate  is  equi- 
valent to  the  rotary  organ  of  Stein. 
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it,  a  current  of  water,  together  with  the  nutritive  particles  it  may  contain. 
WitHn  are  a  curved  semicircular  band-lilto  nucleus,  a  contractile  vesicle,  the 
so-called  stomach-sacs  or  vacuoles,  and  numerous  granules  and  molecules. 
The  mouth  opens  into  a  wide  cesophagais,  which  extends  backwards  towards 
the  centre  of  the  body,  where  it  terminates  abniptly.  The  stem  essentiaUy 
differs  fi-om  that  of  Carchesium  in  its  central  canal  bemg  contmuous  through- 
out •  but  the  distinction  di-awu  between  the  two  genera  by  Ehrenberg,  from 
the  presence  of  dissimilar-  corpuscles  (animalcules)  being  found  in  Zootham- 
nium,  and  not  in  Carchesium,  is  worthless,  as  that  cii-ciunstance  is  indicative 
of  nothing  more  than  a  certain  condition  of  development.  The  oldest  portion 
of  the  stem  in  this  genus  often  becomes  solid  and  rigid,  and  thereby  re- 
sembles that  of  Epistylis,  for  which  it  might  he  mistaken  (see  p.  293).  Dr. 
Wright  observes  that  the  primary  (parent)  zooid  of  a  polypary  does  not  begin 
to  develope  the  contractUe  band  in  its  pedicle  until  this  has  attained  a  con- 
siderable length ;  hence,  for  the  time,  this  primary  zooid  is  an  Epistylis  by 
the  structure  of  its  stalk. 


ZoOTHAMNiUM  Arhuscula  (VoHicella 
7-acemosa,  M.  and  Duj.)  (xn.  67,  68,  69) 
has  the  branches  in  racemes  or  irre- 
gular umbels ;  corpuscles  (zooids)  white, 
campanulate ;  pedicle  very  thick.  These 
beautifid  little  trees  resemble  plumes  of 
feathers.  They  have  the  characters  of 
Carchesium  and  Opercidaria  as  respects 
the  presence  of  globular  bodies  in  the 
axUlEe  of  the  branches,  but  are  at  once 
distinguished  by  the  sti'ength  of  the 
latter.  Found  upon  Cm-atophyllum  and 
other  freshwater  plants,  and  also  in  sea- 
water  ;  visible  to  the  naked  eye.  It  con- 
tracts itself  on  its  very  elastic  pedicle  on 
every  alaiin.  It  lives  but  a  short  time 
when  removed  from  its  native  place 
(Brightwell,  p.  344).  Size  1-430" ;  tree 
1-4",  stalk  one-fom-th  the  thickness  of 
the  body. 

Z.  niveum  {Z.  plumomm,  Wright). — 
Main  stem  zigzag ;  branches  short,  alter- 
nate, almost  verticUlate,  given  off  from 
each  angle  of  stem ;  zooids  oblong,  cam- 
panulate, white,  clustered  at  the  ends  of 
the  branches,  which  are  filiform,  the 
lower  ones  often  deserted,  while  the 
upper  bear  clusters  of  club-shaped  little 
bodies  rounded  anteriorly.  Summit  of 
main  stem  and  branches  cm"ved  back- 
wards like  an  ostrich-feather ;  hence  the 
name  plunioswn,  proposed  by  Dr.  Wright. 
1-210". 

Z.  affine  (Steia). — Stem  dichotomous ; 
branches  attaining  a  nearly  equal  eleva- 
tion. The  primary  stem  varies  in  length 
as  well  as  the  lateral  ramifications ;  hence 
the  arborescent  polypidom  varies  con- 
siderably in  its  general  aspect,  being  at 
one  time  loose  and  diffuse,  at  otlicrs  com- 
pact and  dense.   When  extended,  the 


ti'ansparent  branches  are  smooth,  but 
during  contraction  are  thrown  into  ti'ans- 
verse  folds,  and  acquire  a  relative  in- 
crease of  thickness.  The  canal  is  con- 
tinuous throughout^  except  at  the  base  of 
attachment  in  specimens  of  some  age, 
where  the  stem  is  solid ;  in  its  iutenor 
is  the  axis-matter, — i.  e.,  in  Ehrenberg's 
language,  the  muscle  moving  the  stem. 
The  animalcules  borne  on  the  extremi- 
ties of  the  branches  are  oval,  somewhat 
contracted  behind,  and  tnmcate  in  fr-ont, 
where  they  are  sunnoimted  by  a  thick 
tumid  peristom  of  rather  less  diameter 
than  that  of  the  body.  The  rotarj'  organ 
is  strikingly  narrower,  and  protrudes 
little  beyond  the  peristom :  in  the  com'se 
both  of  the  extension  and  retraction  of 
the  rotary  disc  a  fold  is  produced,  which 
gives  the  appearance  of  a  double  peri- 
stom. A  wide  cesophagus  and  digestive 
tube  opens  fi'om  the  mouth ;  and  near  its 
posterior  extremity  is  the  contractile 
vesicle.  The  nucleus  resembles  a  short 
semicircular  band,  and  lies  across  the 
body.  The  relative  thickness  of  the  stem 
is  a  remarkable  character  of  this  species, 
being  one-half  that  of  the  animalcxdes  it 
supports.  Usual  length  of  animals  1-380" 
to  1-270"  ;  width  1-650"  to  1-570".  On 
Entomostraca,  &c. 

Z.  Parasita  (Stein). — Tree-like  poly- 
pary, very  small,  supporting  few  anmial- 
cides:  the  latter  agree  in  flgm-e  with 
those  of  Z.  Arbuscula.  Stein  believes  it 
identical  with  Carchesium  pygmmmi, 
Ehr.,  the  latter  being  an  incompletely- 
developed  form.  On  Entomostraca  and 
small  aquatic  Crustacea. 

We  are  indebted  to  Dr.  Wright  for  a 
notice  of  the  following  species : — 

2  Q  2 
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SYSTEMATIC  HISTOllY  OF  THE  rNFUSOKIA, 


Z.  dichoto7num.— Stem  very  regularly 
dichotonious;  pedicles  long;  zooids  cylin- 


drical, resembling  fruit  of  the  JRosa  canina. 
Z.  plumomm  (Wright) =Z.  nivmin. 


Genus  SCYPHIDIA  (Duj.). — Sessile,  cup-shaped,  tapering  at  the  base, 
covered  with  a  reticulated  integument. 

This  genus  is  received  both  by  Perty  and  Lachmann.  The  former  notices 
three  species,  of  which  one,  viz.  Sc.  jJcUida,  is  new,  the  two  others  being  Sc. 
ringens  and  Sc.  pyriformis.  Lachmann,  on  the  contrary,  although  admitting 
the  genus,  rejects  the  species  of  Dujardin  and  Perty,  "  as  they  have  a  short 
stem,  and  appear  to  be  only  particular  states  of  pedunculate  Vorticellina,  in 
which  the  stem  has  not  attained  its  usual  length  ;  but  on  the  other  hand,"  he 
continues,  "  two  other  beings  must  be  referred  to  it,  both  of  which  attach 
themselves  to  the  naked  parts  of  small  freshwater  moUusca,  and  never  foi-m 
a  stem,  but  which  were  often  observed  by  me  in  process  of  division,  and  are 
easily  distinguished  from  other  forms  which  are,  like  them,  attached  at  first, 
by  their  posteriorly-truncated  form,  and  a  projecting  pad  at  the  margin  of 
the  binder  end." 


ScYPHTDiA  rugosa. — Oblong,  marked 
with  distant  oblique  deep  sti'ise,  looking 
like  fmTows.  1-565".  In  pond-water, 
amongst  vegetable  d6bris.  To  this  genus 
Dujardin  woidd  also  attach  the  Vorticella 
rim/ens  and  V.  incUnans  of  Miiller,  and 
possibly  also  the  V.  pyriformis  of  the 
same  author,  under  which  name  Ehren- 
berg  has  described  a  variety  of  V.  conval- 
laria. 

Sc.  pyriformis. — Grey,  hyaline ;  with 
no  pedicle,  or  an  exti-emely  short  one ; 
constantly  conti-acting  itself.  Uncom- 
mon ;  on  Cyclops,  &c.  Length,  in- 
cluding stem,  1-720"  to  1-600".  Is 
closely  allied  to  Sc.  ringens. 

Sc.  pattdaCPertj). — ^Widelycampanu- 
late ;  of  a  bluish-grey  colour ;  stem  half 
the  length  of  the  body.  Leno'th,  with 
stem,  1-360".  Uncommon,  with  Pota- 
mogeton. 


Vorticella  hamata  (Ehr.)  is  probably 
another  species,  and  identical  with  V.  in- 
cUnans, which  Dujardin  numbers  among 
the  Scypliidia. 

Sc.  limacina  (Lachmann)  =  Vorticella 
limacina  (Miill.)  (xxix.  3). — Body  nearly 
cylindrical,  tapering  a  little  at  each  end, 
and  anmdated ;  peristom  naiTow  and  not 
tm-ned  backwards;  ciliaiy  disc  naiTow, 
and  furnished  with  a  projecting  umbi- 
licus in  the  middle  ;  the  posterior  tnm- 
cated  surface  provided  with  a  thick  pad- 
lilje  margin.  1-240"  to  1-360".  Lives 
on  small  species  of  Planorhis. 

Sc.  Physarum  (Lachmann)  is  longer 
and  more  imifonnly  cylindrical  than  the 
preceding-,  the  peristom  longer  and  often 
tm-ned  backwards  (everted),  and  the 
hinder  margin  thinner  and  shorter. 
Lives  on  the  naked  pai'ts  of  species  of 
Pliysa. 


Genus  UECEOLAEIA  (Lamark  and  Duj.).— Body  not  ciliated  throughout, 
contractile,  varying  in  shape  from  hemispherical  or  discoid  to  globulai- ;  siir- 
rounded  by  a  plane  margin  fringed  with  a  row  of  strong  cUia  planted 
obliquely,  which  makes  a  spiral  turn  inwards  at  the  oral  aperture,  which  is 
also  situated  on  the  margin.  r  i  ■ 

Vorticellina  of  different  lands  have  been  mistaken  for  examples  of  this 
genus,  and  Ehrenberg  has  placed  some  of  its  members  among  the  TrichocUnce  ; 
indeed  the  type  of  Urceolaria  is  the  Trichodina  Pedicidus  of  Ehrenberg. 

Many  species  of  this  genus  are  parasitic  on  freshwatei-  Mollusca  and  Zoo- 
phytes ;  but  Miiller  mentions  some  found  by  him  in  sea-water. 

There  appear  no  sufficient  groimds  for  instituting  this  genus  wben  that 
of  TricJiodina  is  admitted,  as  it  is  by  naturalists  generally. 


Ueceolabia  stelli7ia=  Trichodina  Pe- 
dicidus (Ehr.). 

U.  discina=  VoHicella  dhtcma  (JMO-— 
Described  by  Midler  as  orbicular,  hol- 
lowed out  above,  convex  beneath  .  .  .  j 


the  border  of  the  disc  ciliated.  In 
sea-water.  Uncommon.  Elirenberg  has 
treated  this  form  as  identical  with  T)-i- 
cJiodinaPediculus,  but,a.s  Dujardin  thinks, 
erroneou.slv.    However,  it  is  impossible 
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aceuvately  to  decide  what  the  being 
which  Mliller  met  with  is,  from  the  ac- 
count he  has  left  us. 

U.  Umacina. — Sessile,  cj'lindrical,  dia- 
phanous ;  orifice  trimcated,  with  2  or  4 
indistinct  cilia  (according  to  MiiUer),  or,_ 
as  we  may  presume,  with  a  circlet  of 
cilia  around  the  margin  of  the  -svider  ex- 
tremity, and  a  collection  of  cilia  at  the 
naiTower  base,  by  which  the  animal  at- 
taches itself  Parasitic  on  the  tentacles 
of  Bulla  and  Planorbis. 


U.  Dujardinii=  Vorticella  hursata  and 
V.  ntricuktta  (MiUl.).— Capsular  or  utri- 
cular in  shape,  bellied  posteriorly,  cili- 
ated on  the  anterior  margm.  Miiller 
distinguished  this  being  under  two  forms, 
one  of  which  he  described  as  havmg  a 
projecting  papilla  at  the  centre  of  the 
anterior  surface,  capable  of  elongating  it- 
self   In  sea- water. 

These  species  of  Miiller  appear  to  us 
too  indistinct  to  insist  on  as  independent 
forms. 


Genus  CH.ETOSPIRA  (Lachmanii)  (XXXIX.  5,  6).— The  smface  gene- 
rally covered  with  cilia,  like  the  genus  Stentor,  from  which  it  is  distin- 
guished by  having  that  part  of  the  parenchyma  of  the  body  which  bears 
the  ciliary  spiral  and  the  anus  (which  in  all  the  StentorinJE  lies  on  the  dorsal 
sm-face  of  the  body,  close  under  the  ciliary  spiral,  and  not  in  a  common  pit 
with  the  mouth)  drawn  out  into  a  thin  process.  This  process  is  narrow 
and  baciUar ;  the  series  of  cilia  commences  at  its  free  extremity,  and  only 
forms  a  spiral  when  in  action  by  the  rolHng-up  of  the  lamina.  The  process 
bears  the  anus.  The  animalcules  inhabit  a  sheath  or  tube,  of  a  mucUaginous 
or  even  horny  density.  "  It  is  possible  that  the  free-swimming  Stichotricha 
secunda  of  Perty,  which  he  arranges  with  the  OxytrichinsE,  is  aUied  to  Chce- 
tospira ;  his  figure,  however,  is  very  inexact,  and  might  perhaps  represent  a 
Loxodes  or  Anvphileptus  Fasciola  ;  and,  as  he  does  not  describe  the  position  of 
the  anus,  which  he  never  figures,  any  more  than  the  conti-actile  vesicle  and 
the  nucleus,  I  do  not  venture  to  place  his  SticJwtricha  with  the  Stentorinfe. 
If  it  should  turn  out  that  it  belongs  to  that  family,  it  must  be  placed  beside 
the  analogous  sheath-inhabiting  Ghcestospira,  as  a  genus  not  inhabiting  a 
sheath." 


CiLsiTOSPrRA  Miilleri  (xxix.  5,  6). — 
Slender.  The  first  cilia  of  the  series  upon 
the  process  are  somewhat,  but  not  re- 
markably longer  and  stronger  than  the 
rest ;  when  roUed  up,  the  ciliated  baciUar 
process  fonns  more  than  one  turn  of  a 
spiral.  Sheath  flask-shaped  and  horny. 
Hitherto  found  only  in  the  open  cells  of 
torn  leaves  of  Lemna  triscidca,  growing 
in  fi'esh  water  near  Berlin. 


Ch.  mucicola. — Enclosing  tube  mucous 
in  consistence;  animalcule  shorter  and 
more  compressed;  the  roUed-up  ciliaiy 
process  does  not  fonn  a  complete  tiu-n  of 
a  spiral ;  the  first  cilia  ai-e  considerably 
larger  than  the  rest,  the  first  one  espe- 
cially being  nearly  twice  as  long  as  most 
of  the  others. 


Genus  CGENOMOEPHA  (Perty)  (XXVIII.  27-30).— SmaU,  hyaline,  of  a 
beU-like  or  hemispherical  figure,  concave  at  its  truncated  base,  which  has  an 
irregularly  notched  margin,  and  a  tail-like  process  depending  from  it  at  its 
centre.  Eim  of  the  beU  furnished  with  long  ciUa.  Except  in  the  absence  of 
the  long  tentacula,  these  beings,  according  to  Perty's  figures,  have  a  general 
resemblance  to  minute  campanulate  Medusce  ;  or,  otherwise,  they  may  be 
likened  to  miniature  parasols  with  fringed  edges  and  a  short  handle. 

Perty  has  placed  this  genus  in  his  family  Urcoolarina,  which  is  equivalent 
to  that  called  Stentorina  by  Lachmann.  Eut,  to  our  mind,  much  doubt  must 
attach  to  this  assig-ned  position,  for  not  only  is  there  a  very  great  departure 
from  the  general  form  of  every  genus  of  VorticeUina,  as  Perty  himself  could 
not  fail  to  remark  ;  but,  from  his  figiu'cs,  no  characteristic,  no  intemal  organ- 
ization appears  to  establish  the  organic  affinities  of  those  curious  beings. 
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CcEKOMORPHA  Medusiila  (xxviii.  27- 
30). — Colourless,  transparent,  with  a 
small  number  of  internal  vesicles  and 
molecules.    Length,  together  with  the 


tail,  1-240"  to  1-190".  It  swims  actively 
and  rotates  on  itself,  undergoing  ^■ariou.s 
changes  in  outline.  Some  specimens  ex- 
hibit folds  of  the  surface. 


Genus  SPIROCHONA  (Stein)  (XXX.  17-20,  27,  28).— Body  naked,  but 
having  a  fii'm  corneous  integument ;  attached  pei-pendiculaily  by  its  base, 
and  quite  motionless ;  of  an  elongated,  flask-hke  shape,  Avith  an  anterior, 
spirally- convoluted,  funnel-like  head  or  peristom.  Posteriorly  it  narrows  to 
a  small  base,  whereby  it  is  fixed  either  immediately  or  mediately  by  a  very 
short  pedicle.  The  infundibuHform  sjiiral  peristom  surmounts  a  constricted 
portion  or  neck.  The  spiral  lamina  forming  the  peristom  terminates  abruptly 
below,  so  as  to  leave  a  cleft,  which  conducts  to  the  mouth ;  its  upper  portion 
is  rolled  around  the  longitudinal  axis  of  the  peristom,  and  produces  a  solid 
central  pivot.  The  innei-most  turn  of  the  lamina  constitutes  a  funnel,  which 
siu'mounts  the  whole  peristom,  and  with  the  next  coil  forms  what  Stein  calls 
the  "  spiral  funnel,"  whilst  the  lowest  and  widest  spii'al  represents  the  true 
peristom,  homologous  with  the  ciliary  spiral  or  peristom  of  Vorticella.  The 
latter  is  richly  covered  with  cilia,  which  extend  in  less  number  to  the  second 
coil.  Internally,  a  digestive  tube  is  seen  to  extend  a  considerable  distance 
from  the  mouth,  having  a  contractile  vesicle  placed  near  its  termination.  A 
large  nucleus  is  seated  near  the  middle  of  the  animal,  having  a  clear  central 
space  or  nucleolus.  Fission  has  not  been  witnessed ;  but  gemmae  are  fre- 
quently produced,  which,  under  certain  circumstances,  become  encysted,  and, 
as  Stein  believes,  undergo  an  Acinetiform  metamorphosis  (XXX.  21-28). 
Length  1-750"  to  1-216";  breadth  of  largest  1-600". 


Spirochona  gemmipara  (xxx.  17-20). 
— The  above  description  applies  spe- 
cially to  this  form.  Found  on  the  ova- 
capsules  of  Gammarus  and  other  Ento- 
mostraca,  in  fresh  water. 

Sp.  Scheutenii  (xxx.  27,  28)  agrees 
with  the  foregoing  in  size  and  figure; 
but  the  peristom  is  more  simple,  consist- 
ing of  little  more  than  a  single  coil  of  a 


wide  lamina,  and  has,  besides,  a  series  of 
stiff  fibrous  processes  fiinging  it  on  one 
side.  The  internal  face  of  the  funnel  is 
lined  with  cilia  below.  Found  on  Ento- 
mostraca  in  brackish  water  near  Am- 
sterdam by  M.  Scheuten;  they  are  at- 
tached to  the  long  feathery  bristles  of 
the  post-abdominal  feet,  and  not  to  the 
ova-capsules,  like  S.  gemmipara. 


FAMILY  lY.— OPHETDINA  (VAGINIFEEA). 
(XXVII.  10-15;  XXVm.  18-20,  23;  XXX.  29-35.) 

Loricated  polygastric  animalcules,  solitary  or  aggregate,  possessing  a  distinct 
alimentary  canal,  a  separate  mouth  and  ischarging  orifice,  which  approxi- 
mate and  terminate  in  the  same  spot.  In  organization  it  resembles  the 
family  Vorticellina ;  in  fact,  continues  Ehrenberg,  it  includes  true  Vorticella: 
or  Stentors,  enclosed  in  a  gelatinous,  membranous,  combustible  lorica.  Be- 
sides the  usual  frontal  wreath  of  cilia,  there  is  in  Ophrydium  a  second  wreath 
placed  posteriorly  ;  and  Tintinnus  has  an  elastic  muscular  stalk  or  tail.  Al- 
though, as  Ehrenberg  tells  us,  the  polygastric  organs  of  nutrition  can^  be 
demonstrated  in  all  the  tribe  by  using  coloiu-ed  food,  it  is  only  in  Ophrydium 
that  an  alimentary  canal  has  been  distinctly  seen.  Longitudinal  division  of 
the  body  takes  place  within  the  lorica,  which  continues  unaffected.  In 
Ophrydium  transverse  division  has  been  doubtfully  affirmed. 

The  genera  are  disposed  as  foUows : — 
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Forming  Monad-clusters,  through  incomplete  self-division  of  the  lorica   Ophrydium. 


/  Body  furnished  with  an  elastic  pedicle  attached  |  rpjntinnuB. 
to  lorica   J 


Animalcules  soUtwy,  no 
self-division  of  the  lorica 


Body  stalkless. 


Lorica  stalkless   Vaginicola. 

Lorica  stalked   Cothumia. 


Of  tlae  genera  composing  this  family,  Ophrydium  is  ai-ranged  by  Dujardin 
with  the  Urceolarina,  and  Vaginicola  with  the  Vorticellina.  This  author 
writes — 

«  The  so-called  lorica  of  Oplirydia  (Duj.,  or  OjyJirydium)  is  an  amorphous 
gelatinous  investment,  unhke  that  of  Vaginicola,  which  is  a  truly  resistant 
enveloping  membrane.  The  individual  bemgs  in  the  gelatinous  ball  of 
Ophrydia  are  elongated,  cylindrical,  or  fusiform,  and  capable  of  varying  their 
figure." 

Further,  Dujardin  includes  Tintinnus  and  Oorthurnia  in  the  genus  Va- 
ginicola. 

Stein  enumerates  Tintinnus  among  the  genera  of  Ehrenberg's  Ophrydina, 
but  offers  no  account  of  it.  He  rejects  the  distinction,  as  does  Dujardin, 
between  Vaginicola  and  Cotliuniia,  and  would  transfer  the  whole  of  this 
family,  so  reduced,  to  YorticeUina,  with  which  its  members  have  the  greatest 
similarity  in  organization.  Perty  adopts  the  the  title  Ophrydina,  but  com- 
prehends under  it  only  the  single  genus  Ophrydium.  Lachmann  rejects 
Tintinnus  from  the  hst. 

The  characters  laid  down  by  Ehrenberg,  of  this  family,  are  very  unsatis- 
factory. Its  members  cannot  be  said  to  be  loricated  in  the  same  way  as 
Colepina  or  Euplotina ;  for  in  these  the  lorica  consists  of  a  thickened,  closely- 
adherent  integument,  whilst  in  Ophrydina  the  structure  so  called  is  a  loose 
sheath,  open  at  one  extremity,  which  may  in  some  be  seen  gradually  excreted 
from  and  built  up  around  the  animalcule,  which  last,  moreover,  has  a  distinct 
integument  of  its  own.  In  the  Ophrydina,  therefore,  it  is  rightly  called  a 
sheath,  case,  or  tube.  Ophrydium,  indeed,  is  exceptional;  for,  though  it 
secretes  a  large  quantity  of  muco-gelatinous  substance,  it  never  builds  this 
up  around  it  into  a  sheath,  but  merely  sends  into  it  a  long,  tapeiing,  fibrous 
prolongation  from  its  posterior  extremity  to  secure  a  firm  hold,  whilst  its 
body  projects  freely  from  the  mass  (see  Part  I.  p.  282).  Moreover,  it  is 
this  genus  only  that  is  aggregated,  all  the  rest  being  solitary.  These  pecu- 
liarities may  be  held  to  justify  Perty  in  erecting  this  genus  into  a  family. 

The  presence  of  numerous  stomachs  and  of  a  distinct  alimentary  canal,  it 
need  only  be  said,  are  details  of  organization  required  by  the  hypothesis  of 
Ehrenberg,  and  supposed  in  some  instances  to  be  demonstrated  by  feeding 
with  colom'ing  matters. 

As  Ehrenberg  rightly  intimates,  Ophiydina  may  be  briefly  defined  as  Yor- 
ticeUina hving  in  a  sheath,  instead  of  being  supported  on  a  pedicle.  From 
this  general  definition  Ophrydium  is  necessarily  excluded  as  an  exceptional 
form  ;  and  it  becomes,  therefore,  a  matter  of  regret  that  a  family  should  be 
named  from  a  genus  in  no  sort  its  true  type.  Perty  has  invented  the  name 
"  Yaginifera  "  for  a  famUy  containing  the  two  genera  Vaginicola  and  Co- 
thurnia  ;  and  it  is  certainly  preferable  to  Ophrydina,  whether  Ophrydium  be 
comprehended  in  it  or  not. 

Genus  OPHRYDIUM  (XXX.  5,  6).— Lorica  gelatinous ;  animals  clustered, 
in  consequence  of  perfect  self-division  of  the  body,  but  imperfect  of  the 
lorica.    This  circumstance  gives  rise  to  very  peculiar  external  appearances ; 
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for  each  body  very  frequently  divides  itself,  the  two  portions  separating 
entirely, — the  gelatinous  lorica  forming  only  a  separating  wall.  In  this  manner 
thousands  and  milHons  of  connected  animal-cells  are  quickly  formed,  appear- 
ing as  gelatinous  globular  masses  or  balls. 

It  is  a  misapprehension,  on  the  part  of  Ehrenberg,  of  the  actual  phseno- 
mena,  when  he  states  that  the  large  gelatinous  ball  formed  by  the  multipli- 
cation of  Ophrydia  is  the  result  of  imperfect  fission  of  the  lorica ;  for,  as  we 
have  pointed  out,  the  animalcules  have  no  lorica  or  sheath  in  the  sense 
Ehrenberg  intended,  but  are  merely  attached  by  a  sort  of  non- contractile 
stalk  penetrating  far  in  the  interior,  upon  the  sui'face  of  the  gelatinous  mass. 
When  fully  contracted,  indeed,  it  is  di-awn  down  upon  and  shghtly  presses 
into  the  soft  mass,  raising  tliis  as  a  rim  around  it ;  consequently  it  is  also  an 
error  to  say  that  the  mass  is  composed  of  numberless  little  cells,  seeing  that 
nothing  like  a  cell  is  constructed  aroimd  the  animalcules.  Stein  found  within 
the  interior  of  the  gelatinous  mass  numerous  intertwining  and  twdsted  fibres, 
which  he  concluded  were  vegetable  parasites,  probably  of  the  family  Lepto- 
mitse.  Agardh  and  other  botanists  have  described  the  gelatinous  balls  of 
Ophrydium  as  a  species  of  Nostochinese,  under  the  name  of  Nostoc  pruni- 
forme  ;  but  this  is  a  great  mistake,  for  no  cellular  or  proper  vegetable  strac- 
ture  is  present. 

Stein  has  added  to  the  vaginated  Vorticellina,  or  the  Ophiydina,  the  genus 
Lagenophrys ;  and  Dr.  Wright  {Edin.  New  Phil.  Journ.  1858)  the  interesting 
genus  Lagoiia. 


Ophhydium  versatile  (TricJioda  inqui- 
lina  et  Vorticella  versatilis,  M.)  (xxrn.  5, 
6). — Body  fusiform,  tapering  to  a  fine 
exti'emitj'-  from  behind  the  middle,  and 
anterior  to  it  contracted  into  a  cylin- 
drical neck,  supporting  a  fimnel-shaped 
head  sui'mouuted  by  an  annular  peristom 
with  a  ciliated  rotary  disc.  The  mouth 
opens  into  a  naiTow  and  long  ciliated 
oesophagus.  The  conti-actile  vesicle  is 
seated  near  its  end ;  the  nucleus  is  long, 
narrow,  and  twisted.  The  external  sur- 
face is  thrown  into  close  annular  folds  ; 
and  usually  three  longitiidinal  plaits  ex- 
tend from  the  posterior  end  as  far  as  the 
middle  of  the  body,  which  disappear 
when  the  body  contracts.  A  subjacent 
cortical  lamina  is  evident,  and,  imbedded 
within  this,  numerous  chlorophyll  utri- 
cles, giving  the  animal  a  vivid  green 
colour.  When  contracted,  the  body  as- 
sumes the  foim  of  a  long-necked  flask, 
and  even  the  nucleus  shortens  itself. 
In  more  complete  contraction  the  figure 

Genus  TINTINNUS.— Ophiydina  which  possess  divisibility  of  the  body, 
but  not  of  the  urceolate  lorica ;  the  body  is  attached  to  the  interior  of  the 
sheath  by  a  flexible  pedicle  (somewhat  similar  to  the  clapper  of  a  bell)  ;  the 
mouth  serves  both  as  a  receiviug  and  discharging  orifice ;  stomach-cells  and 
traces  of  a  yellowish  ova-cluster  are  more  or  less  \-isible ;  seLf-dirision  was 

known  to  Miiller.  ,    -r>  •   j-      d  f 

Tintinnus,  as  before  noted,  is  a  genus  not  admitted  by  Dujardin ;  I'erty 
likewise  ignores  it ;  and  Lachmann  {A.  N.  H.  1857,  p.  119)  feels  the  necessity 
of  oxchiding  it  from  Vorticellina  (using  this  term  in  a  wider  sense,  so  as  to 


becomes  oval  or  globular.  Fission  is 
only  longitudiaal ;  when  an  Ophrydium 
quits  its  hold  after  fission,  it  swims  away 
by  means  of  a  temporarily  developed 
posterior  wreath  of  cilia,  just  like  a  Vor- 
ticella. It  is  foimd  encysted,  and.  Stein 
believes,  in  an  Acinetifoi-m  phase  (xxx. 
7,  8).  Vividly  green,  and  associated  ia 
smooth  and  globular  clusters  or  masses, 
which  vaiy  in  size  from  a  pea  to  a  ball 
five  inches  in  diameter ;  they  are  either 
fi-ee  or  attached.  Ehrenberg  states  that, 
in  May  1837,  he  saw  hundreds  of  cliistei-s 
as  large  as  the  fist,  which,  by  the  evolu- 
tion of  gas,  were  at  intervals  elevated  to 
the  surface,  and  di'iven  by  the  wind  to 
the  edge  of  the  water.  In  sea-water; 
also  found  by  BrightweU  in  fresh  water,- 
and  in  a  small  turf-pit,  upon  tendrils  of 
roots  of  marsh-plants,  and  the  stalks  of 
the  white  water-lily.  Length  of  single 
animalcide  stretched  out,  1-120"  to 
1-90". 
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inchide  Ophrydina),  since  it  is  ciliated  aU  round,  and  differs  greatly  from  them 
in  the  form  of  its  alimentary  apparatus.  Moreover,  a  species  inhabiting  a 
gelatinous  sheath  occurs  in  the  freshwater  ponds  in  the  Thiergarten  atBeiim. 

TiNTiisTNUS  inquilinm.  —  Hyaline  or 
yellowish ;  lorica  cylindi'ical,  glass-like, 
bell-shaped.  1-570",  with  stalk  1-240". 
In  sea-water,  on  iUgae. 

T.subulatm  (Vorticella  va(/inafa,M.). — 
Hyaliue ;  sheath  conical,  with  a  posterior 
subulate  elongation.  Ehreuberg  observes 
that,  if  this  elongation  of  the  lorica  were 
called  a  stalk,  we  shoidd  require  a  new 
generic  name  for  the  animalcide.  Length 
of  lorica  1-90". 

T.  Cothurnia. — Hyaline  ;  sheath  cylin- 

Genns  VAGmiCOLA  (XXYII.  10,  11 ;  XXYIII.  18,  19).— Neither  the 
body  nor  the  lorica  stallced ;  a  wreath  of  cilia  surroimds  the  truncated  front 
portion,  within  Avhich  is  the  orifice  or  mouth.  The  polygastric  apparatus, 
the  passage  of  the  food  onwards,  its  return,  and  the  exit  of  the  refuse  near 
the  mouth,  and  coloured  ova-granules,  are  mentioned  by  Ehrenberg.  In- 
crease by  longitudinal  self-division  of  the  body  (not  of  the  lorica)  has  been 
seen  in  all  the  species. 

To  the  above  account  must  be  added,  according  to  Stein's  observations, 
that  the  body  of  Vaginicola  has  in  front  a  peristom,  from  out  of  which  a 
"  rotaiy  apparatus"  protnides,  consisting  of  a  ciliated  disc,  supported  on  a 
stout  stem  or  pedicle,  just  like  that  of  Vorticella.  A  mouth  opens  on  one 
side  of  the  disc,  and  leads  into  an  oesophagus ;  but  no  polygastric  structiu'e,  as 
surmised  by  Ehrenberg,  is  visible,  although  numerous  alimentaiy  vacuoles 
are  usually  present.  Ova-granules,  again,  are  merely  hypothetical,  and,  as 
in  other  Inftisoria,  where  mentioned  by  Ehrenberg,  represent  pai-ticles  of 
various  kinds,  but  mostly  coloured  granules.  In  a  new  species  noted  by 
Dr.  Wright,  the  tubular  sheath  has  a  peculiar  structure  in  the  form  of  a 
valve,  which  closes  over  the  animalcule  when  it  retreats  to  the  bottom  of  its 
case  (XXVIII.  18,  19). 

In  aU  the  particulars  of  internal  organization,  Vaginicola  resembles  Vorti- 
cella. Propagation  by  fission  and  gemmation  is  very  distinct;  bj''  the  fonner 
process  more  common  (XXVII.  10,  11).  The  development  of  the  bud  takes 
place  from  the  base  of  the  parent,  and  within  its  sheath.  The  young  being, 
produced  by  either  process,  is  furnished,  as  in  Vorticella,  with  a  posterior 
wreath  of  cilia,  whilst  it  is  endowed  with  fi-ee  locomotion  (XXVII.  11).  It 
fi-er[uently  happens,  as  represented  in  the  last- quoted  figure,  that  the  young 
being  assumes  on  its  formation  a  contracted  ovoid  form,  with  its  frontal  wreath 
retracted.  Upon  the  appearance  of  the  posterior  whorl  of  cilia,  and  aided  by 
its  movements,  the  animal  loosens  itself,  escapes  from  the  parent-case,  anil 
smms  freely  away,  elongating  itself,  it  may  be,  if  previously  contracted,  and 
assuming  finally  all  the  characters  of  a  perfect  Vaginicola,  by  developing 
around  it  its  own  special  sheath. 

On  the  other  hand,  the  contracted  individual  may  become  actually  encased 
within  its  integument  (in  other  words,  encysted),  and,  as  Stein  believes, 
may  thereupon  assume  all  the  characters  of  an  Acineta,  and  eventually  give 
birth  to  a  ciliated  embryo  (XXVII.  11-15).  This  metamorphosis,  however, 
is  not  generally  accepted.  Tlie  specific  characters  in  this  genus  are  for  tlie 
most  part  deduced  from  the  figure  and  dimensions  of  the  external  sheath  or 
lorica  (Ehr.),  and  must,  therefore,  as  Stein  points  out,  be  admitted  with  much 


drical,  hyalme,  indistinctly  annular ;  ra- 
ther attenuate  and  truncate  posteriorly. 
1-440".    In  the  Baltic. 

T.  Campanula.— llyolme;  sheath  widely 
canipanidate,  dilated  in  front,  pointed 
behind.  1-290".  In  North  Sea  and 
Baltic. 

T.  denticulatus.  —  Sheath  cylindrical, 
hyaline,  sculptured  with  oblique  rows  of 
dots,  fi'ont  margin  acutely  dentate ;  pos- 
terior extremity  pointed.  1-220".  In 
the  North  Sea. 
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reservation ;  for  this  envelope  changes  greatly  in  figure,  in  size,  and  stnictm-e, 
according  to  the  age  and  the  different  vital  conditions  under  which  the  animal 
lives.  Stein  met  with  one  example  in  which  a  short  pedicle  attached  the 
Vag  'micola  crystallina  to  the  bottom  of  its  sheath :  indeed  he  does  not  admit 
Cothurnia  and  Vaginicola  to  be  generically  distinct ;  for  the  stems  supporting 
the  sheath  of  the  former  are,  he  says,  not  generally  longer  than  those  belong- 
ing to  young  Vaginicolce.    In  this  point  therefore  he  agrees  with  Dujardin. 

"We  have  observed  how  close  the  resemblance  is  between  Vorticella  and 
Vaginicola ;  on  the  other  hand,  the  points  of  separation  are  found  in  the 
absence  of  a  pedicle  in  the  latter,  which  is  fixed  to  the  bottom  of  a  sheath  by 
its  posterior  extremity,  its  anterior  remaining  free,  and  its  whole  body 
capable  of  extension  or  retraction  within  the  orifice  of  its  case.  Lastly,  the 
figure  of  the  body  is  much  more  elongated  in  Vaginicola  than  in  Vorticella. 

Vaginicola 


crystallina  (Vorticella 
stentorea  et  Trichoda  ingenita,  M.)  (xxvii. 
10,  11). — Sheath  crystalline,  straight, 
pitcher-shaped,  slightly  conti-acted  near 
the  open  end  ;  granules  green.  Length 
of  lorica  1-210".    Upon  Lemna,  &c. 

V.  tincta. — Sheath  brownish-yellow, 
urceolate,  and  nearly  cylindrical;  body 
hyaline.  Length  of  lorica  1-280".  Upon 
Zygnema  decimum. 

V.  decumbens. — Sheath  brownish  yel- 
low, oval  and  compressed,  decumbent  on 
one  side,  which  is  flattened ;  the  body 
hyaline.    Length  of  lorica  1-280''. 

Stein  con-ects  this  description  by 
statiag  that  the  oval  plano-convex  sheath 
has  not  a  simple  crescentic  openiag, 
but  is  contracted  so  as  to  form  a  short 
tubular  neck,  or  projecting  process,  with 
a  transversely  oval  or  reniform  mouth. 
It  has  consequently  the  closest  resem- 
blance to  the  sheath  of  Lagenophrys  Am- 
pulla ;  but  its  orifice  is  rigid,  and  not  con- 
tractile as  in  the  latter,  and,  finther, 
the  animalcide  is  not  affixed  to  its  mar- 
gin, but  to  the  bottom.  On  Lemna, 
Zyijnema,  Sec. 

V.  valvata  (Wright)  (xxvin.  18,  19). 
— Distinguished  from  V.  crystallina  by 
the  remarkable  valve  existing  in  its  case 
or  sheath — which  closes,  in  an  inclined 
position,  over  the  animal  when  it  reti'eats 
to  the  bottom  of  its  case ;  by  the  body 
being  colomless,  without  the  green  glo- 
bules seen  in  V.  crystallina ;  and  by  being 
an  inhabitant  of  sea-water  instead  of 
fresh.  Plentiful  on  zoophytes  and  sea- 
weeds. T7-  J- 

V.  mginata.—VnAer  the  name  Vorti- 
cella vaginata,  Midler  described  a  Vagi- 
nicola foimd  in  the  Baltic,  having  a  deli- 
cate pedicle  as  long  as  the  body,  which 
is  supported  by  it,  at  the  upper  end  of  a 
sheath  six  times  longer  than  itself,  into 
the  orifice  of  which  it  can  with  difficulty 
enter. 


V.  peduncidata  (Eichwald). — Body 
attached  to  the  bottom  of  the  sheath  by 
a  short  stem.  This  presumed  species  is 
actually  nothing  more  than  a  variety  of 
V-  crystallina,  as  Stein  has  shown. 

V.  Amjmlla. — Midler  described  this  as 
larger  than  most  animalcules,  as  dwelling 
in  a  bottle-shaped  sheath,  as  very  con- 
tractile, grey,  and  soft,  and  as  occupying 
variouspositions  within  the  case.  Found 
in  the  Baltic,  and,  by  Mr.  Biightwell,  at 
Lowestoft.  Dr.Wright  (JEdin.  P/iil.  Journ. 
1858,  p.  5)  says  it  has  a  bilobed  ciliated 
organ,  and  so  far  resembles  Lagotia. 

V.  ovata  (Duj .).— Body  of  a  lengthened 
ovoid  figm-e,  placed  in  an  m-ceolate  case. 
Length  of  body  1-1000",  of  case  1-550". 
Apparently  distinct  from  V.  crystallina. 
On  Zygnema  in  pond-water. 

V.  ?  (BrightweH)  (xn.  70).— 

Body  double,  of  a  green  colour.  Pro- 
bably undescribed.  On  duck-weed  and 
other  small  aquatic  plants.  It  is  doubt- 
fid  whether  this  being  is  other  than  a 
Vaginicola  in  process  of  spontaneous 
fission. 

V.  grandis  (Pertj^). — Sheath  cylindri- 
cal. "Animals  with  a  circular  ciliated 
openuig.  Length  of  tube  1-108",  of  the 
extended  animal  1-84".  Stein  considers 
this  species  a  mere  variety  of  V.  cry- 
stallina ;  but  besides  differing  from  it  m 
size,  it  does  so  also  in  the  fio:ure  of  its 
sheath,  which  is  not  rounded  below,  but 
abruptly  trimcate,  and  not  nan-ower 
above,  but  rather  wider.  Animalcules 
hyaline,  often  filled  ^vith  sporozoids  and 
chlorophyll  gi-anules;  when  contracted 
it  does  not  occupy  more  than  a  third  of 
the  tubular  sheath.  Among  water-plants. 
Uncommon. 

The  figure  of  this  species  presented  by 
Perty  is  very  rude,  conveying  not  the 
slightest  conception  of  the  details  of 
external  stanicture  or  of  internal  organ- 
ization. 
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Gemis  COTHURNIA  (XXX.  12-16).— Lorica  (sheath)  urceolatc,  and  sup- 
ported on  a  rigid  pedicle.  A  wreath  of  ciHa  is  placed  upon  the  flat  frontal 
region ;  and  the  mouth,  with  the  anal  opening,  lies  on  one  side,  within  the 
vestibuluni.  The  body  is  contractile,  and  can  withdraAV  itself  within  the 
stiff  sheath ;  fission  longitudinal. 

It  is  unnecessai-y  to  enlarge  on  the  structural  details  of  this  genus,  inas- 
much as  they  are  in  all  particulars  lilce  those  of  Vaginicola,  from  which  it  ls 
separated  only  by  its  sheath  being  stalked. 


CoTHUBNiA  imherhis  {Vorticella  folli- 
culata,  M.). — Pedicle  mostly  bent  and 
much  shorter  than  the  sheath,  which 
has,  when  old,  a  yellowish  colour. 
Sheath  tubular,  nan-owed  anteriorly, 
without  an  everted  margin.  Even  when 
outstretched,  the  animal  extends  little 
beyond  the  mouth  of  the  sheath;  its 
peiistom  is  scarcely  appreciably  thick- 
ened, and  not  everted  at  all;  it  is  evi- 
dently ciliated.  The  disc  of  the  simple 
rotaiy  organ  is  level  on  its  surface,  and 
scarcely  rises  above  the  sheath.  Diges- 
tive tube  long  and  narrow,  extends  be- 
yond the  centi-e  of  the  body,  and  near 
its  commencement  has  from  3  to  4  long- 
cilia.  Near  to  it,  on  one  side,  is  a  roimd 
contractile  vesicle,  and  on  the  other  a 
short,  band-like  nucleus,  almost  straight 
or  slightly  renifoi-m  in  figm-e.  Longi- 
tudinal fission  frequently  observed,  and 
sufiiciently  often  the  process  of  gemma- 
tion at  the  base.  Length  of  sheath  1-288" 
to  1-240". 

Ehrenberg  remarks,  "  This  animalcule 
had  often  swallowed  gi-een  Monads,  and 
yet  accepted  indigo.  TricJiodina  vorax 
is  the  enemy  of  this  species."  Upon 
Cycl<yps  quadricoi-nis.  Length  of  sheath 
1-280". 

C.  mantima.  —  Pedicle  much  shorter 
than  the  hyaline  sheath ;  body  hyaline 
and  whitish.   Length  of  sheath  1-570". 

C.  maritima  is  veiy  closely  allied  to 
Vaginicola  crystallina :  not  the  least  dif- 
ference between  the  animals  themselves 
is  perceptible,  and  the  figure  of  the 
sheath  is  the  same, — the  only  essential 
difierence  being  that  in  the  Cothiirnia 
the  sheath  is  supported  on  a  thin,  solid 
stem,  1-48"  to  1-36"  in  diameter  and 
of  a  length  equal  to  its  own. 

C.  Havniensis. — Pedicle  much  longer 
than  the  hvaline  sheath ;  body  whitish. 
Length  without  .stalk  1-280". 
•  0.  Sieholclii  (Stein)  (xxx.  13,  14).— 
Sheath  stalked ;  stalk  short,  thick,  colour- 
less, transversely  and  deeply  wrinkled, 
and  thickened  at  its  j  imction  with  the 
sheath.  The  last  is  campanulate,  strongly 
compressed  in  front,  dilated  and  bellied 
out  posteriorly,  especially  on  the  dorsal 


aspect.  The  two  angles  in  front  ai-e  ex- 
tended upwards  and  outwards,  but  at  the 
same  time  curved  inwards  at  their  ex- 
tremities as  two  hoi-ns.  The  walls  of 
the  sheath  are  at  first  soft,  colourless, 
and  hyaline,  but  subsequently  become 
yellow  and  leathery,  and  at  last  of  a 
more  or  less  deep  rusty  brown  colour, 
and  of  a  corneous  consistence.  The 
colom-less  and,  with  reference  to  the 
sheath,  small  contained  animal  is  cylin- 
di-ical  in  figm-e,  conti-acted  behind,  and 
very  similar  to  that  of  Vaginicola  crystal- 
Una.  Its  peristom  forms  an  annular 
thick  border,  and  is  beset  with  few  cilia. 
The  digestive  tube,  which  extends  to 
nearly  the  centre  of  the  body,  has  close 
to  it  the  contractile  vesicle,  and  a  little 
fm-ther  behind,  the  thick,  short  band-lilie 
and  semicircular  nucleus,  visible  without 
the  use  of  chemical  reagents.  Multipli- 
cation takes  place  by  longitudinal  fission. 
Length  of  largest  sheaths  1-190".  On 
the  limbs  and  other  parts  of  Eutomos- 
traca ;  very  abundantly. 

0.  Astaci  (Stein)  (xxx.  15). — Sheath 
supported  on  a  short,  wrinkled,  thick 
pedicle;  having  itself  a  tubidar  figure, 
rather  contracted  at  the  middle,  and  its 
border  widened  and  everted,  whilst  its 
posterior  half  is  slightly  venti-icose  and 
roimded  at  its  extremity.  Its  consist- 
ence is  leathery  or  homy  when  old ;  it 
is  transparent  and  of  a  pale  yellowcolour, 
but  never  a  rusty  brown.  When  ftdly 
outsti-etched,  the  animal  protrudes  a  con- 
siderable distance  beyond  the  mouth  of 
the  sheath,  differing  in  this  respect,  as 
well  as  by  its  thick  annular  peristom  and 
its  cylindrical  outline,  from  Cothurnia 
imherhis.  The  digestive  tube  attains  the 
middle  of  the  animal,  is  very  narrow, 
and  has  both  the  contractile  vesicle 
and  the  short  band-like  nucleus  placed 
near  its  tei-mination.  Fission  is  longi- 
tudinal. 

Old  specimens  attain  a  height  of 
1-288",  and  a  width  of  1-600".  Also 
foimd  on  Eutomostraca.  It  is  vei-^  closely 
allied  to  C.  imherhis ;  but,  besides  the 
diflerences  noted  between  the  animal- 
cides,  the  stem  of  the  latter  is  relatively 
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thinnei",  the  posterior  extremity  of  the 
sheath  pointed,  and  the  anterior  con- 
tracted. 

0.  curva  (Stein)  (xxx.  12)  resembles 
generally  a  contorted  specimen  of  C. 
Astaci;  bnt  old  specimens  have  rusty- 
red-coloured  sheaths.  The  pedicle  of 
the  sheath  is  always  cm"ved ;  the  anterior 
third  of  the  sheath  is  bent  outwards,  and 
the  posterior  half  ventricose,  particvdarly 
on  the  dorsal  surface.  The  oending  to 
one  side  causes  the  mouth  of  the  sheath 
to  be  oblique.  The  contained  animal- 
cule agrees  generally  with  that  of  the 
two  preceding  species.  Length  of  sheath 
1-360".  Upon  the  ova-lappets  of  Ento- 
mostraca. 

Stein  doubts  the  independence  of  this 
species;  for,  besides  being  imperfectly 
observed  by  Ehrenberg,  it  is  exceptional 


in  the  animalcule  not  being  fixed  at  the 
bottom  of  the  sheath. 

C.  Pupa  (EichAvald). 

C  pei-lcpida  (Bailey). — Apex  of  sheath 
attenuated,  slightly  curved;  smface  en- 
tirely covered  with  spirally  decussating 
rows  of  hexagonal  cells  ;  orifice  crenulate. 
Contained  animal  unkno'svn.  St.  George's 
Bank  and  New  Haven  Harbom-,  New 
York. 

C.  Floscularia  (Perty). — Hyaline ;  the 
cUia  of  frontal  segment  collected  in  two 
groups,  recalling  thereby  the  aspect  of 
the  ciliaiy  apparatus  of  a  Floscularia. 
Sheath  of  the  same  form  aa  that  of  C.  im- 
berbis.  The  animal  lives  much  in  a  con- 
ti'acted  state  within  its  sheath,  and  ex- 
tends itself  very  slowly :  on  the  contrary, 
the  act  of  contraction  is  rapid.  1-260". 
Among  Callitrichce. 


Genus  LAGENOPHEYS  (Stein)  (XXX.  29-36).— Sheathed  VorticelHna, 
differing  especially  from  Cothurnia  and  Vaginicola  by  the  zooids  being  at- 
tached to  the  circumference  of  the  mouth  of  the  sheath,  and  freely  dependent 
from  it,  instead  of  being  affixed  to  the  bottom  as  in  those  genera.  The 
sheath  itself  is  without  pedicle,  and  adheres  to  foreign  bodies  by  one  side,  as 
does  that  of  Vaginicola  deciinihens :  this  side  is  flattened,  and  may  be  referred 
to  as  the  abdominal  sm^face.  The  opposite  side,  or  the  back,  is  strongly 
vaulted.  The  month  of  the  sheath  is  very  much  narrowed,  and  fiu-nished  with 
a  prominent,  flexible,  double  lip,  which  can  be  closed  when  the  contained  ani- 
malcule contracts  itself.  This  last  is  closely  adherent  by  its  peristom  within 
the  margin  of  the  orifice  of  the  sheath,  and  has  generally  the  same  figure 
as  the  sheath,  but  not  the  same  dimensions ;  hence  it  lies  loosely  within  it. 
The  mouth  of  the  sheath  and  the  peristom  are  of  equal  diameter ;  and  thi-ough 
them  a  long  stalked  rotary  organ  projects,  terminated  by  a  cii-cular  ciliary 
disc.  When  the  animal  contracts,  the  rotary  apparatus  is  withdi-awn,  the 
peristom  closes  like  a  sphincter,  and  the  two-hpped  mouth  of  the  sheath  by 
its  closure  completes  the  security  of  the  whole  being.  Eeproduction  takes 
place  by  obhque  fission  and  by  gemmation. 


Lagenophbys  vaffinicola  (xxx.  29- 
36).— Sheath  elongated  cordate ;  in  the 
centre  of  its  broader  and  ti-imcate  end  is 
the  circular  orifice,  having  two  semi- 
circular, prominent,  valvular  processes, 
which  collapse  together  when  the  con- 
tained animalcule  contracts  itself.  The 
conti-acted  posterior  extremity  has  a  very 
thick  wall.  The  enclosed  animal  is  ovate, 
and  adherent  by  its  narrow  peristom  to 
the  orifice  of  the  sheath,  and  leaves  a 
large  interspace  posteriorly  between  itself 
and  the  enclosing  wall  of  its  sheath,  ex- 
cept when  it  retracts  itself.  The  yoimg 
formed  by  gemmation,  as  well  as  the 
products  of  fission,  can  escape  only  when 
the  parent  being  loosens  its  attachment 
from  the  aperture  of  the  sheath,  and  so 
furnishes  an  outlet.  The  mednim  length 


of  sheath  is  1-380" ;  the  greatest  width 
1-640".    On  Cyclopsina  staphi/lina. 

L.  AmimUa'.  —  Sheath  resembles  a 
plano-convex  circular  lens,  except  in 
having  an  anterior  projecting  everted 
rim  around  the  oral  orifice.  The  ani- 
malcule has  the  same  figiue  as  the 
sheath,  and  an  internal  organization  like 
that  of  the  preceding  species.  Diameter 
from  1-480"  to  1-360".  On  aquatic 
animals,  Entomostraca,  and  the  like. 

L.  iVrtssfl.— Very  similar  in  figm-e  and 
size  to  L.  Ampuiht,  but  has  a  difterent 
profile  or  lateral  outline.  The  sheath, 
although  nearly  spherical,  is  plano- 
convex, somewhat  truncate  in  front,  and 
emarginate  on  the  upper  surface,  as  is 
best  seen  in  profile.  Tlie  mouth  of  the 
sheath  is  prolonged  a.s  a  rylindriral,  two- 
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lipped  process,  capable  of  beiiiff  retracted, 
is  more  rare  than  i.  AmpuUa,DVLt,  like  it, 


occurs  ou  Gammanis  and  other  ac[uatic 
animals. 


Genus  LAGOTIA  (Wright)  (XXVIII.  20-23 ;  XXXI.  7,  8).— Sheath  or 
c  ase  retort-shaped,  with  a  cylindrical  neck,  plain  or  amiulated  ■,  colourless, 
yellowish,  or  dark  green ;  body  long,  cylindrical,  attached  by  its  posterior 
"end  to  the  bottom  of  the  case,  terminated  anteriorly  by  a  forked  (furca-te) 
head,  or  two  long,  flattened  ciliated  processes,  between  which  is  the  opening 
of  the  oral  cavity,  which  extends  backward  into  th.e  body  as  a  tapering 
cesophagus,  ciliated  on  its  free  siu-face.  The  green  colour  of  the  body  in 
L.  viridis  is  not  due  to  dispersed  globules,  but  to  a  staining  of  the  sarcode 
itself.  Longitudinal  fission  has  not  been  seen ;  but  development  by  a  free 
ciliated  embryo,  very  unlike  the  parent,  has  been  obseiwed  in  L.  producta. 


Lagotia  viridis  (xxviii.  20-23).  — 
Case  resembles  a  flask  or  amphora  lying 
on  its  side,  having-  the  neck  bent  more 
or  less  sharply  upwards,  and  dilated  into 
a  tniinpet-shaped  month.  Its  colour  is 
dark  sea-gi'een,  in  the  larger  specimens 
nearly  opake.  Animalcule  green,  cylin- 
drical; its  ciliated  organ,  when  seen  in 
front  and  erect  (f.  23),  appears  like  a 
narrow  horseshoe  ;  whilst  from  the  side 
(f.  21)  the  anterior  extremity  of  the  ani- 
malcule bears  a  resemblance  to  the  head 
and  ears  of  a  hare — a  likeness  increased 
by  the  wagging  movements  of  the  long 
processes.  In  yoimg  specimens  the  lobes 
of  the  fm'cate  process  are  blimt  and 
short,  and  the  ciliary  band,  along  which 
the  cilia  are  aiTanged,  is  placed  at  a  little 
distance  from  then-  margin  (f.  20),  instead 
of  being  close  to  it  (f.  22).  Plentiful  on 
marine  shells  and  AJgse,  Firth  of  Forth 
and  Tynemouth.  Enibiyonic  develop- 
ment has  been  detected  by  Dr.  Wright 
in  this  species. 

L.  hyalina. — Colourless  ;  lobes  of  cili- 
ated organ  wider  and  blimter  than  those 
ofX.  viridis;  cell  biuied  in  the  substance 
of  the  shell  of  Alcyonidiimi  hirsutum,  and 
therefore  not  seen.  Granton  and  Qneens- 
feiTy. 


L.  atro-purpurea. — Colour  of  animal 
that  of  a  mixture  of  ink  and  water.  Cell 
yeUowish-brown.  Probably  a  variety  in 
colour  of  L.  viridis,  with  which  it  was 
found. 

L.  producta  (xxxi.  7-13)  (Dr.  Wright 
in  lit). — ^Neck  of  sheath  exceedingly  pro- 
longed, annulated ;  sheath  of  a  pale  yel- 
low-brown colour.  Animalcide  (zooid) 
two  or  three  times  the  length  of  the 
sheath,  attenuated  ;  ciliated  lobes  erect, 
divergent,  and  recurved  at  tips;  colour 
of  zooid  deep  blackish  gi-een. 

Dr.  Wright  observed  the  development 
in  this  species  of  ciliated  embrj^os,  which, 
after  passing  through  the  stages  seen  in 
figs.  9  and  11  (xxxi.),  and  carrying  on 
an  active  existence  as  fi-ee  cUiated  ani- 
malcules, form  an  attachment  to  some 
surface  and  proceed  to  develope  a  sheath 
and  the  characteristic  ciliary  lobes.  The 
transfoi-mation  fr-om  ciliated  embryos  to 
Lagotice  transpired  in  the  com-se  of  a 
night,— -the  sheath  even,  during  that 
time,  being  completed  with  its  rings.  The 
above  fact  constitutes  an  interestmg  ad- 
dition to  the  illustrations  of  embryonic 
development  among  Ciliata,  quoted  in 
the  section  on  that  subject  (p.  353). 


FAMILY  v.— ENCHELIA. 
Animalcules  having  a  distinct  alimentary  canal,  with  an  oral  and  an  anal 
orifice  at  the  opposite  ends  of  the  body ;  mthout  lorica.  Locomotion  effected 
by  vibratile  cilia  in  all  the  genera  except  thr-ee,  viz.  Actinophrys,  Tricho- 
dwcus,  and.Podo27hrya,  m  which  it  is  performed  by  slow-moving  feelers  (ten- 
tacles). In  aU  but  these  exceptional  genera,  organs  of  nutrition  have  been 
demonstrated  by  the  employment  of  coloiued  food  ;  but  only  in  one  has  the 
entire  course  of  an  alimcntiuy  canal  been  traced,  though  in  most  its  transit 
through  the  body  is  indicated  by  its  discharge  through  the  posterior  outlet. 
Ehrenberg  states  that  the  polygastric  structiu'c  is  to  bo  seen  in  all  the  genera 
except  the  Arabian  genus  Disoma.  A  nucleus  and  vesicle  are  generally  present. 
Complete  self-chvision,  both  longitudinal  and  transverse,  has  been  observed  ; 
but  not  gemmation.  The  most  curious  animalcidcs  among  them  are  the 
double-bodied  Disoma  and  the  teeth-bearing  Prorodon. 
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Tho  genera  are  distributed  as  follows : — 


Surface  of 
body  desti- 
tute of  vi-- 
bi-atile 
cilia  .... 


Direct 
truncated 
mouth 
(no  lip)  . . . 


i^Vibratile      f  Body  simple    Eucliclys. 

cilia  at  the  \ 

mouth    ...  1  Body  double    Disoma. 


Ray-like 
tentacula 
not  vibra 
\^  tile  


Stalkless 


The  body  co-|^^jj  ^  , 
vered  with  rays  I 


Oblique 
truncated 
mouth 
(  (with  lip) 


'ays  J 

Bays  at  the  edge  Trichodiscus. 
^  Stalked    Podophrya. 

No  neck    Trichoda. 

With  neck    Lacrymaria. 


Surface  of 
body  with 
vibratile 
ciUa   


ObUque  ti-uncated  mouth,  with  lip   Leucophrys 

Dh-ect  truncated  mouth,  no  lip    Holophrya. 


Teeth  present. 


Prorodon. 


In  the  an-angement  of  Dtijardin,  andimder  his  foui'th  order— comprehend- 
in-  "  ciliated  Infusoria  without  a  contractile  integument,  and  with  or  without 
a  mouth»-a  famUy  having  a  similar  name,  Enchelina  (Enchelyens,  so- 
caUed  after  a  genus  Enchelys)  is  instituted.  But,  most  unfortunately  for 
sdence  this  family  and  this  genus,  with  respect  to  the  ammalcules  they 
Sde,  Tno  wa/correspond"with  the  similarlj^-named  famdy  and  g^u. 
of  Ehr^nberg.  This  is  remarked  by  Dujardin  himself;  and  he  adds,  with 
reference  to  the  genus  Enchelys  (Ehr.),  that,  in  the  whole  cotu'se  of  his  ob- 
se  wations  he  never  met  with  Iny  Infusoria  beaiing  the  characters  attnbuted 
by  Ehienberg  to  that  genus,  and  he  is  led  to  conclude  that  the  bemgs  intended 
Ive  P^ramcoia  with  a  terminal  mouth,  or  else  Bursan<.  miperfectly  exammed, 
fi-nrl  the  cilia  of  the  surface  overlooked.  ^  .  »  •  i 

lie  famiy  Enchelina  is  thus  briefly  characterized  by  Dujarin 
partiaUy  or  Ltirely  covered  with  cilia,  dispersed  over  the  sui-face  irregularly ; 

"  Wy'cyclidina  (Ehr.)  seems,  indeed,  much  more  nearly  allied  to  the 
M2/7TDiJardin;  but  its  characters,  as  given  by  Ehrenberg,  are  not 
sufRcientlv  definite  to  attempt  an  identification.  . 

SteS  severely  blames  Dujardin  for  the  transposition  of  genenc  names  he 
has  bSn  g^Slty  of  ^  the  case  of  this  genus  and  CycMncm ;  for  as  he  j^ustiy 
observes  it  is  a  proceeding  productive  of  confusion  and  error.    The  EMys 

no  Z  2  he  adds,  is  the  Oy^^-  ^'^^  T'XT^  'n 

^Shab  e  from  K  triquetra  (Duj .).  Acomia  Ovulum  seems  nothing  else  than 
%t£r^mauconu.%n^  Lnla  .narina  another  close ly-dhed  form,  and 
like  GUucoma  itself,  the  embryo  of  some  other  ammalciOe.  | he  three 
^nain  rspecies  of  Enchelys  enlimerated  by  the  French  wiiter,  viz.  E  cor- 
Thangulata,  and  ^.  ovcUa,  ai-e  so  imperfectly  ol^«--^.  f  J^^! 
7&e.s,  and  their  union  in  the  same  genus  with  Qlamoma  quite  unwar- 

Yef  if  Dujardin  has  proceeded  vexy  incautiously  in  rejecting^  the  En 
lf.\f  Ehrenber-  and  in  redistributing  its  genera,  no  apologist  of  the 
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TricJwdiseus,  and  Podophnja  belong  evidently  to  a  typo  of  beings  altogether 
different  from  the  ciliated  animalcules  included  in  the  family ;  and  we  have 
consequently  treated  them  as  an  entii'ely  separate  group  from  the  ciliated 
Protozoa  in  our  general  history,  and  have  hlcewise,  in  the  present  portion 
of  the  work,  given  their  systematic  descriptions  apart.  The  genus  Disoma 
is  a  very  doubtful  member  of  this  family,  and  is  even  marked  as  such  by 
Ehrenberg,  who  had  very  imperfectly  examined  it. 

The  family  Enchelia  does  not  enter  into  the  system  of  Perty,  who  disperses 
its  members  among  different  families  according  to  his  appreciation  of  their 
several  aflSnities.  Among  the  rest,  his  family  "  Tapinia"  includes  some  species 
of  Leiwophrys  of  Ehrenberg  and  the  genus  Acomia  of  Dujardin,  along  with 
several  newly-constructed  genera,  the  account  of  which  will  be  annexed  to 
this  present  group. 

The  Family  "  Tapinia  "  is  thus  characterized : — 

"  Cilia  scattered  at  large,  or  collected  in  groups,  but  not  arranged  in  rows. 
Animals  mostly  vei-y  small.  Mouth  not  apparent,  but  its  presence  revealed 
by  the  admission  of  food."  This  group  includes  the  genera  Acropisthium, 
Acomia,  TricJioda  (Duj.),  Leucophrys  (Ehi-.  ?),  Cyclidium,  Bceonidium,  Opis- 
thiotricha,  Siagonthermm.,  and  Megatncha. 

Another  allied  family,  called  "  Apionidina,"  contains  a  species  of  Leuco- 
phrys (Ehr.).  Perty  assigns  it  the  following  characters  : — "  Family  Apioni- 
dina :  Body  small,  soft,  thicker  at  one  end  than  the  other ;  ciha  in  longi- 
tudinal rows ;  mouth,  where  visible,  situated  at  the  anterior  end."  The  genera 
comprised  are  Ptyooidium,  Colohidium,  and  Apionidium.  The  first-named 
genus  has,  as  its  type,  the  Leucophrys  pyriformis  (Ehr.) ;  but  the  other  two 
are  advanced  as  new  genera,  founded  on  newly-observed  beings. 

Both  in  this  family  (Apionidina)  and  in  that  of  Tapinia,  several  supposed 
new  genera  are  established  by  Perty,  which,  to  render  our  compendium  com- 
plete, we  are  bound  to  notice  and  describe,  although  we  regret  to  record  such 
a  multitude  of  genera  and  names,  as  we  feel  highly  doubtful  of  their  claim  to 
consideration  as  independent  beings. 

Genus  ENCHELYS  (XXVIII.  64,  72,  73).— Vibratile  cilia  upon  surface 
wanting ;  mouth  terminal,  truncated  (direct,  not  oblique),  devoid  of  teeth ; 
surrounded  by  a  wreath  of  ciha.  An  oesophagTis  is  not  seen  except  during 
the  passage  of  food.  An  anus  is  found  in  aU,  and  in  E.  Farcimen  a  contractile 
bladder.  ^  Self-division  is  transverse  and  complete. 

Dujardin  defines  his  genus  Enchelys  as  having  a  cylindrical,  oblong,  or  ovoid 
body,  covered  vsdth  erect  uniform  ciha,  irregularly  disposed. 

Cohn  (Siebold's  Zeitschr.  1851,  B.  iii.  p.  273)  treats  this  genus  as  synony- 
mous with  Eichelys  (Duj.),  and  beHeves  that  several  of  its  assigned  species 
are  not  mdependent  animalcules,  but  embryos  of  Loxodcs,  Oxytncha,  and 
allied  genera. 


Enckelys  Pupa  (M.)  (xx^an.  72,  73). 
— Turgid,  club-shaped,  attenuated  an- 
teriorly ;  filled  witJi  gi-eenish  vesicles,  or 
only  -with  molecules  ;  neither  a  nucleus 
nor  a  vesicle  could  be  found  by  Ehren- 
berg. Ehrenberg  has  figm-ed  (in  his 
large  work  of  1838)  the  presumed  form 
of  the  polyga-stric  nutritive  system  of 
this  species  separately,  stating  it  to  be 
remarkably  distinct.  Common  in  stag- 
nant bog-water.  1-140". 

E.  Farcimen  (E.  Farcimen  ot  Vibrio  in- 
testinum,  M.)  (xxviii.  64, «-;;;). —Smaller 


more  cylindrical  and  slender  than  the 
preceding ;  gramdes  whitish.  These 
creatures  prey  on  other  animalcules 
nearly  as  large  as  themselves,  which 
they  devour  entire;  this  will  account 
for  the  variety  of  forms  which  they 
assume,  and  which  require  an  observer 
to  be  very  watchful  and  cautious  before 
he  can  pronounce  on  the  identity  of  a 
species.  Ehrenberg,  by  patient  obser- 
vation, saw  one  individual  undergo  a 
gi'ent  variety  of  forms  in  the  act  of 
swallowing  a  young  Kolpodn  CitcuUm', 
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onwards  quickly,  though  in  a  vaciUatiug 
manner ;  sometimes  both  bodies  gaped 
widely  apart  from  each  other,  but  never 
so  widely  as  to  form  a  sti-aight  line. 
1-380".    On  Mount  Sinai,  Ai'abia. 


illustrated  in  fig.  64,  a-k.  In  stagnant  mouth  projecting.  Tliis  species  receives 
water.    1-430".  camiine  and  indigo  very  readily.  1-230" 

E.   infmcata.  —  Oval   or  spherical  ;   to  1-570". 
whitish ;  mouth  not  prominent,  encircled       E.  nodulosa  (!)».].)  =  Cydidium  Glau- 
by  a  bro^\^li8h  ring.    When  fed  with    coma  (Ehr.).    JS.  trijuetra  (Duj.)  is  a 
indio-o,  numerous  vacuoles  become  filled,    mere  accidental  variety  of  the  same 
In  bog-water.    1-280"  to  1-240".    _  animalcido. 

E.  nebulosa  (M.).  —  Ovate,  hyaline; 

Genus  DISOIVIA  (?).— Body  double,  destitute  of  cilia;  oral  extremity 
tnmcated  (direct);  mouth  ciliated,  devoid  of  teeth.  Within  the  bodies 
numerous  little  vesicular  cells  (stomachs)  are  observed,  and  the  discharge  of 
excrement  may  be  seen  to  take  place  at  the  posterior  extremity  of  each  body. 

As  abeady  noticed,  this  is  a  very  imperfectly-examined  and  doubtful 
genus.  The  being  described  may  be  inteiiweted  as  one  undergoing  longitu- 
dinal fission  ;  but  there  is  no  one  character  given,  adequate  to  determine  to 
what  family  of  animalcules  it  would  be  referable. 

UiSOMA  vacillans  consists  of  two 
clavate  and  filiform  corpuscles,  hyaline, 
and  attenuated  at  the  anterior  extremity. 
Ehrenberg  remai-ks,  "  Both  bodies  fre- 
quently swam  parallel  beside  each  other, 
and  turned  on  their  long  axis,  moving 

Genus  TRICHODA.— Body  devoid  (?)  of  haii's  or  cilia ;  without  a  con- 
striction or  neck ;  mouth  obliquely  truncated,  destitute  of  teeth,  but  pro- 
vided -with  vibratile  cilia,  and  a  Hp.  Coloiured  food  is  received ;  the  anal 
orifice  is  at  the  posterior  extremity.  The  oblique  dii-ection  of  the  mouth 
gives  rise  to  a  very  characteristic  upper-Up-like  projection.  In  T.  Pyrum 
only  has  self-division  been  observed.    All  the  species  are  coloui-less. 

In  the  system  of  Dujai-din  there  is  both  a  family  Trichodina  and  a  genus 
Trichoda.  Speaking  of  the  relations  between  them  and  the  genus  Tnchoda 
of  Ehrenberg,  he  observes  :  "  M.  Ehrenberg  has  placed  in  his  family  Encheha 
a  genus  Trichoda,  which  in  part  corresponds  vrith  ours ;  and  he  has,  besides, 
dispersed  among  Leucophrys,  Enchelys,  Trachelius,  Loxodes,  &c.,  many  Infu- 
soria which  we  have  brought  together  in  this  family  (viz.  Tiichodina) ;  but, 
unlilce  him,  we  are  unable  to  see  theii-  digestive  organs." 

The  Trichodina  are  soft,  variable,  flexible  animalcules,  ciUated,  and  have 
either  an  evident  mouth,  or  one  indicated  by  a  varying  arrangement  of  longer 
cilia.  Dujardin  would  have  it  understood  that  this  family  is  only  provisional ; 
to  compnse  a  tribe  of  animals  intermediate  in  orgamzation  between  the 
Enehehna— the  most  simple  of  ciliated— and  the  Keronma,  which  conduct  to 
the  highest  forms  of  infusorial  Hfe,  having  defined  mouths,  and  an  ai-matm-e 
of  styles,  hooks,  &c.  The  genera  included  by  Dujardin  m  this  family  are 
Tnclioda,  TracMms,  Acineria,  Pelecida,  and  Dilephts ;  the  last  two  having  a 
higher  grade  of  organization.    The  first-named  is  thus  described :— 

Genus  TricJwda  (Duj.).— Ovoid-oblong,  or  pji-iform,  rather  flexible  ante- 
riorly with  a  row  of  cilia  directed  backwards,  and  appearing  to  indicate  the 
presence  of  a  mouth.  Theii-  surface  does  not  appear  reticulated,  or  cdiated  ni 
rows,  as  it  is  in  Acomia  and  Enchelys.  The  Trichoda  are  chiefly  found  ui 
putrid  infusions  and  in  stale  marsh-water. 


Tbichoda  pura  (Kolpoda  Pyrum, 
]VI  )  _  Oblong,  club-shaped,  attenu- 
ated anteriorly;  mouth  lateral;  vacu- 
oles small.    Common  in  vegetable  inlu- 


sions ;  usually  with  CycKditm  Ghttcoma. 
1-720".  , ,  ^ 

This  species  closelv  resembles  Lietico- 
phrys  pyriformi.%  whicli   is  somewhat 
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larger  and  ciliated  throughout.  How- 
ever, the  reality  of  T.  puni  as  a  species 
is  very  doubtful, — the  small  size  of  the 
\  acuoles,  the  feature  most  relied  on  by 
]']lu-euberg-  as  distinctive,  being  in  reality 
not  at  all  so,  but  prone  to  great  varia- 
tions, determined  by  suiTOunding  cir- 
cumstances. It  swims  slowly,  revolving 
as  it  proceeds. 

T.  Nasamomum.  —  Cylindi-ical,  extre- 
mities equally  obtuse,  mouth  large,  and 
elongated  laterally.  1-288". 

T.  ovata. — Ovate,  tm-gid,  attenuated 
anteriorly ;  mouth  small  and  lateral. 
1-480". 

T.  (?)  ^/;A/q^(Crt.— Oblong,  attenuated 

fiosteriorly ;  under  side  flat ;  mouth 
arge.  1-600". 

T.  Asiatica. — Oval,  oblong,  cylindrical, 
rounded  at  both  ends ;  mouth  small. 
1-860". 

This  species,  together  with  the  three 
immediately  preceding,  must  be  regarded 
as  doubtful ;  for  they  were  merely  casually 
examined  by  their  discoverer  whilst  tra- 
velling, and  when,  as  we  must  suppose. 


he  liad  neither  the  means  of  comparing 
the  beings  with  others  akin  to  them, 
nor  very  favourable  opportunities,  in  the 
rouD-h  accommodation  of  desert  tra- 
velling, for  careful  microscopic  examina- 
tion. 

T.  Pyrum  (Kolpoda  Pyrum,  M.). — 
Ovate,  tm-gid,  acute  anteriorly.  Amongst 
Conferva}  on  Mount  Sinai.  1-1200". 

A  species  with  this  name  is  also  men- 
tioned by  D  uj  ardin  as  =  Kolpoda  Pyrum  ? 
(MiiUer).  It  is  thus  described : — "  Body 
ovoid,  oblong,  narrowed  anteriorly,  or 
pyi'iform ;  thicker  in  one  direction  than 
m  the  other;"  and  he  goes  on  to  say 
that  this  is  the  same  being  as  the  Leu- 
cophrys  carnimn  (Ehr.). 

T.  angidata  (Duj.).— Oblong,  obliquely 
and  regularly  plaited  or  angular,  often 
with  one  or  more  superficial  vacuoles. 
1-900". 

T.Zynceus. — The  animalcule  described 
under  this  name  is  (says  Cienkowsliy) 
probably  no  other  than  the  young  phase 
of  various  Oxytrichce  and  Styloni/chics 
(Siebold,  ZeitscJi.  1855,  vol.  vi.  p.  301). 


Genus  LACRYMARIA  (XXIV.  274,  275).— Body  with  a  long  narrow 
neck,  slightly  enlarged  near  the  termination,  where  is  situated  the  ciliated  and 
lateral  (lipped)  mouth,  destitute  of  teeth.  Body  not  ciliated.  Locomotion  is 
performed  by  means  of  the  neck,  the  distensible  body,  and  the  oral  cUia.  The 
proboscis-like  lip  is  very  short,  sometimes  distinctly  articulated,  and  projects 
but  Httle  beyond  the  oral  orifice.  Coloured  food  is  received  by  L.  Pr'oteus, 
and  its  discharge  may  be  seen  to  take  place  from  the  posterior  extremity  in 
one  species ;  in  another,  green  granules  (ova)  are  present. 

The  genus  Lacrymaria  of  Duj  ardin  agrees  mainly  with  that  just  defined; 
but  the  French  author  differs  entirely  from  Ehrenberg,  by  stating  that  the 
Lacrymarice  are  distinctly  cihated  on  their  surface,  and  that  the  cilia  are 
disposed  in  regular  series  among  the  reticulations  of  the  integument. 

Dujardin,  in  his  notes  on  Lacrymaria,  has  some  very  just  observations  on 
the  relation  between  this  genus  and  the  Phialina  and  Trachelocerca  (Ehr.). 
He  says,  the  species  of  Lacrymaria,  which  Ehrenberg  noticed  to  be  generally 
not  ciliated  on  the  body,  have  been  classed  by  him  according  to  the  relative 
position  of  the  mouth  and  anus,— some  among  theEnchelia,  others,  as  Phialina, 
among  the  Trachelia,  and  others  again  in  the  genus  Trachelocerca,  the  type 
of  his  family  Ophryocercina.  On  this  plan,  Lacrymaria  has  the  body  without 
cUia,  prolonged  into  a  narrow  neck,  terminated  by  an  obliquely  tnmcate  and 
ciliated  mouth,  at  the  opposite  extremity  to  which  is  the  anus  ;  Phialina 
similar,  except  that  the  neck,  instead  of  being  terminated  by  a  simple  enlarge- 
ment, is  notched  on  one  side,  and  the  mouth  therefore  lateral ;  and  Trache- 
locerca, which  he  himself  calls  "  tailed  Lacym.ariai,"  have  a  terminal  mouth, 
and  an  anus  on  one  side  in  advance  of  a  conical  caudiform  prolongation  of  tlie 
body.  These  distinctions  are  not  borne  out  by  more  critical  investigations, 
and  at  most  are  insufficient  to  establish  generic  characters,  and  still  more 
those  of  higher  groups  or  famiUes.  As  the  result  of  these  considerations, 
Dujardin  has  coniprehendcd  all  the  species  distributed  in  the  three  genera 
named  in  one,  viz.  Lacrymaria,  which  he  places  among  the  Paramecina. 

2  R 
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The  doubt  expressed  coueernmg  the  existence  of  a  mouth  as  described  by 
Ehrenberg,  has  been  removed  by  later  observations. 

The  variability  of  form  of  which  the  Lacrymarice  are  capable  was  noticed  by 
Baker  and  other  old  observers,  and  suggested  the  appellation  Proteus,  originally 
bestowed  on  them.  Perty  has  made  use  of  this  peculiarity  to  constitute  a 
section  of  Ciliated  Protozoa,  which  he  has  named  "  MetaboUea."  Besides 
Lacrymaria,  it  includes  Trachelocerca,  these  two  genera  being  combined  iato 
a  family,  "  Ophryocercina."  His  genus  Traclielocerca,  however,  is  not  equi- 
valent to  the  one  so  named  by  Ehrenberg,  siace  it  also  compiises  the  species 
of  Pliialina  enumerated  by  that  author.  This  employment  of  a  recognized 
systematic  term  with  a  wider  signification  than  that  originally  given  to  it, 
cannot  be  commended ;  and,  as  Perty  makes  no  attempt  to  define  the  difier- 
ential  characters  between  the  two  genera  as  understood  by  himself,  we  regard 
his  family  Ophryocercina  as  unsatisfactory.  The  Phialince  he  considers  only 
young  or  contracted  examples  of  one  or  other  genus.  (See  Phialina  and 
Tbachelocesca.) 


nor  an  enlargement  is  observable  near 
the  mouth.  1-570";  including  neck, 
1-288". 

L.  versatilis  (Duj.)  (TricJioda  versatilis, 
M.).— Piisiform ;  neck  retractile,  ciliated 
beneath,  shorter  than  in  L.  Proteits,  which 
it  is  fm-ther  unlike  by  having  the  body 
pointed  posteriorly,  and  by  living  in  sea- 
water. 

Perty  declares  this  is  not  an  independ- 
ent species,  but  only  the  immature  form 
of  Trachelocerca  Olor  (Ehr.). 

L.  tornatilis. — Neck  reti-actile,  some- 
times disappearing  entii-ely,  presenting 
then  only  the  cilia  crowning  its  extre- 
mity. 

L.  farcta. — Flask-shaped,  with  a  short 
neck.  In  ditch-water  about  Paris. 
1-260". 


Lacrymabia  Proteus  {TrtcJwda  Pro- 
teus, M.)  (xxrv.  274, 275).— Oblong,  tm-- 
gid,  with  delicate  ti-ansverse  folds.  Coloiii- 
varies  from  grey  to  green.  The  neck  is 
capable  of  considerable  extension.  It 
resembles  Trachelocerca  Olor;  but  its 
posterior  exti-emity  is  roimded,  and  has 
at  its  centre  the  discharging  orifice.  Re- 
productive organs  mdmown.  Amongst 
Lemnse.    Size  stretched  out  1-140". 

L.  Gutta. — Body  smooth  and  nearly 
spherical,  with  a  very  long  neck.  Perty 
discovered  a  tongue-Hke  process  above 
the  mouth  in  some  examples.  Among 
Confei-vffi.  Size  1-1150";  including 
neck,  1-210". 

L.  ruffosa.  —  Nearly  globvdar,  and 
wrinkled ;  the  neck  of  medium  length ; 
granides  green.  In  swimming,  it  often 
revolves  on  its  long  axis;  neither  cilia 

Genus  LEUCOPHRYS  (XXIV.  276,  277,  278,  279,  280).— Covered  with 
vibratHe  cilia ;  mouth  obUque,  terminal,  without  teeth.  Prom  the  obUqmty 
of  the  mouth,  there  is  the  appearance  of  an  upper  Hp.  The  cilia  which  cover 
the  body  are  short  and  disposed  in  rows  ;  those  around  the  mouth  are  longer, 
and  produce  very  powerful  currents.  In  swimming,  aU  the  species  revolve 
upon  the  longer  axis.  A  serpentine  alimentary  canal,  with  more  than  fifty 
grape-like  stomach-ceUs  (XXIV.  276),  terminating  at  the  opposite  extremity 
to  the  mouth,  is  described  by  Ehrenberg ;  in  some,  one  or  two  globular  nuclei 
and  a  contractile  vesicle  are  seen.    Self-chvision  transverse  and  longitudmal. 

Leucophrys  forms,  in  the  system  of  Dujardin,  with  Spathidmm  and  Opalim, 
the  family  "  Leucophryens,"  characterized  by  having  "  an  oval  or  oblong  de- 
pressed body,  covered  with  ciUa  densely  but  regularly  disposed ;  mouth  not 
evident  •  foreign  solid  particles  are  not  to  be  found  in  the  vacuoles ;  hence 
probably  these  animals  five  only  by  absorption.  Most  of  them  ai-e  parasitic 
within  Annelida  and  Batrachia,  and  soon  perish  in  pure  water,  hke  Helmin- 
thoid  rtapo)  worms."  Dujardin  says,  «  It  is  to  the  genus  Bursaria  that  Ehi-en- 
berg  has  transferred  most  of  the  true  Leucophryens^  in  conjunction  with 
other  Infusoria  having  a  very  distinct  mouth."    (Sec  Opalin^a,  P-  569.) 

DujarS  characters  of  Leucophrys  are Body  depressed,  oval  or  oblong, 
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equally  rounded  at  the  two  ends,  covered  by  long,  very  numerous,^  vibratile 
ciEa,  in  parallel  rows ;  no  mouth.  I,"  says  Dujardin,  "have  restricted  the 
term  to  animalcules  parasitic  within  Lumbrid,  but  ought  probably  to  include 
the  form  met  with  by  Ehi-enberg  in  the  Aoiodontce." 

This  genus  requii-es  further  examination,  and  may  probably  be  cancelled 
by  the  transfer  of  its  members  to  other  groups.  It  is  certain  that  several  of 
its  enumerated  species  are  mouthless,  and  that  some  belong  to  the  Opalinaea ; 
and  Dujardin  cleaiiy  piu-sued  a  very  right  coiu-se  in  detaching  it  fi'om  the 
heterogeneous  class  Enchelia,  and  in  bringing  it  into  relation  with  Ojpalina. 
Perty  has  followed  a  similar  plan,  and  instituted  a  family  of  parasitic  animal- 
cules vmder  the  name  of  Cobalina,  comprehending  besides  Leucoplirys  (repre- 
sented by  only  one  species,  L.  striata)  Opalina,  Plagiotoma,  and  Alastor. 
Like  Dujardin,  also,  he  transfers  L.  patula  to  Bursaria ;  treats  L.  Spathula 
as  identical  with  SpatMdiwm  hyalinum  (Duj.),  but  places  it  in  a  family 
Holophi-yina,  along  with  Holophrya  and  Enclielys  {i.  e.  as  represented  by 
E.  Farcimen  and  E.  Pupa).  Neither  Ehrenberg's  descriptions  nor  figui'es 
are  suificient  to  identify  L.  sanguinea  either  -with  Bursaria  or  Opalina ;  its 
colour  lends  no  aid,  since  it  is  doubtless  accidental.  L.  pyriformis  and  L. 
carwium  are  doubtful  members,  and  the  rest  named  are  petty  clearly  OpalLaaea. 
L.  carnium  is  treated  by  Dujardin  as  identical  with  Triclioda  carnium. 


Leuc  ophrys  patula  (  Trichoda  patida, 
M.)  (xxiv.  276,  277)  {Bursaria  patula, 
Duj.).  —  Oval,  campanulate,  tm-gid; 
sometimes  quite  pellucid,  at  others 
whitish ;  mouth  ample  and  gaping ; 
vacuoles  are  veiy  large,  and  fill  them- 
selves with  food  in  an  irregular  manner. 
When  (says  Ehrenberg)  the  animalcule 
is  quiet,  the  passage  of  the  food  onwards 
is  seen  in  the  serpentine  canal,  to  which 
the  stomachs  are  attached  like  berries; 
even  the  stalk  or  short  communicating 
tube  is  visible  when  they  receive  or  dis- 
charge coloured  food.  The  longitudinal 
rows  of  cilia  are  very  numerous  in  full- 
grown  specimens.  The  gTanides  are 
white  by  incident  light,  brownish  by 
ti-ansmitted.  In  the  middle  of  the  body 
is  a  small  globular  nucleus.  Both  in 
fresh-  and  sea-water.    1-280"  to  1-96". 

L.  SpatJmla  Enclielys  Spatlmla, 
M.)  (xxiv.  278).  —  Lanceolate,  com- 
pressed, whitish  ;  mouth  narrow,  situated 
at  its  anterior  exti-emity,  which  is  ob- 
liquely tmncated  and  membrane-like. 
Amongst  Lemnse.  1-140".  Vide  Spa- 
THiDiUM  hyalinum,ja.  612. 

L.  sanrjuinca  {Trichoda  striata,  M.) 
(xxiv.  279,  280).— Cylindrical,  rounded 
at  both  extremities,  and  of  the  colom'  of 
blood.  Ehrenberg  remarked  within  it 
two  bright  contractile  round  bladders, 
and  that  on  self-division  one  was  present 
m  each  part.  1-144". 

Ij.pyrifonnk  (Koljwda  Pyrum,  M.).— 


Ovate,  whitish,  rather  more  acute  ante- 
riorly ;  vacuoles  large.  1-570"  to  1-280". 

Dujai'din  considers  that  this  species 
should  rightly  be  transfen-ed  to  Glaucoma 
or  Kolpoda. 

L.  carnium  {Kolpoda  Pyrum,  M.). — 
Oval,  oblong,  acute  anteriorly,  and  of  a 
whitish  colom';  vacuoles  narrow.  In 
puti-escent  animal  water,  and  the  di'ain- 
age  of  mamu-e.  1-1440"  to  1-430".  It 
=  Triclioda  Pyrum  (Perty). 

Perty  suggests  that  Enclielys  nodulosa 
is  referable  also  to  this  species. 

L.  (?)  Anodontee  {Leucophra  jiuida, 
M.).  —  Oval,  turgid,  and  transparent; 
roimded  at  both  extremities.  In  Siberia 
and  at  Copenhagen.  1-430".  Most  pro- 
bably it  is  an  Opalina. 

_L.  striata  (Duj.). — Oblong,  marked  by 
thirty-five  longitudinal  granidar  striae. 
1-325"  to  1-200".  In  the  Lumhrici 
(worms)  of  gardens. 

This  is  the  only  species  of  Lmcoplirys 
retained  by  Perty.  On  the  other  hand, 
Stein  (p.  l84)  asserts  that  it  is  an  Opa- 
lina, a  mouthless  animalcule,  and  there- 
fore rightly  excluded  from  Enchelia. 

L.  nodidata  (Viw!^.). — Oblong,  regidarly 
ciliated;  without  distinct  striaj,  but  hav- 
ing' two  series  of  vacuoles.    In  Lumhrici, 

The  last  three  supposed  species  are, 
says  Stein  (Infus.  p.  184),  Opalinee,  and 
the_  last  two  should  be  united  as  one, 
which  may  be  named  O.  Lumbnci.  (See 
family  OPALiNiRA,  p.  569.) 


Genus  SPATHIDIUM  (Duj.)  (XXVI.  27).-Oblong;  thicker  and  more 
rounded  behind;  thinner,  expanded,  and  truncated  in  front. 
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This  genus  is  admitted  by  Perty,  who  places  it  in  the  family  "  Holophryina," 
but,  unlike  Dujardin,  believes  it  to  possess  a  mouth. 


Spathidium  hyaliiMm  (xxvi.  27).  — 
Oblong,  lanceolate,  hyaline ;  thin  and 
almost  membranous  anteriorly,  and  ter- 
minated by  an  oblique  margin,  along 
which  some  small  black  nodules  may  be 
seeu.  In  pond-wator,  near  Pai-is.  The 
Enclielys  Spathula  of  Miiller  would  seem 
to  be  the  same  species;  but  the  Leu- 
cophri/s  Spathula  (Ehr.)  difi'ers  from  it 
in  having  a  row  of  cilia  on  the  ante- 
rior margin,  with  striae  on  each  side, 


and  in  receiving  indigo  in  its  stomach - 
sacs. 

Perty,  however,  treats  them  as  identi- 
cal. Indeed,  the  marks  of  distiactioii 
Dujardin  would  draw  are  certainly  in- 
sufficient to  estabUsh  a  specific  differ- 
ence ;  since  the  absence  or  presence  of  a 
row  of  cilia  may  readily  be  unobserved, 
and  the  reception  or  non-reception  of 
indigo  is  very  much  a  matter  of  manipu- 
lation. 


Genus  HOLOPHEYA  (XXIY.  281).— Ovoid,  oblong,  or  even  cylindiical ; 
covered  with  vibratile  cilia ;  mouth  anterior,  directly  truncated  or  terminal, 
and  without  lip  or  teeth.  In  two  species  the  mouth  and  anus  have  been  seen. 
Cilia  disposed  in  longitudinal  rows.  In  H.  Ovum  green  granules  and  a  posterior 
contractile  vesicle  are  observable ;  self-division  appears  to  be  tran.sverse  in 
H.  discolor. 

In  the  system  of  Perty,  Holojplirya  gives  name  to  a  family  "  Holophi-yina," 
defined  as  having  "  an  anterior  mouth,  a  posterior  anus,  and  the  surface 
covered  with  cilia  in  longitudinal  rows."  It  includes  the  genera  Hohphrya, 
some  species  of  Enclielys  and  Spatliiclium  (Duj.),  Leucoplirys  (E.).  The  two 
species  of  E>ichehjs  mentioned  are  E.  Farcimen  and  E.  Pupa  ;  the  Leucophrtjs 
is  the  L.  Spathula  (Ehr.). 

Holophrya  is  closely  allied  to  Prorodon ;  indeed  its  independence  is  very 
doubtful ;  for  the  only  distinctive  character  between  the  two  genera  put  for- 
ward is,  that  the  "  dental  cylinder  "  is  absent  in  the  former ;  but  this  is  a 
structural  peculiarity  not  always  very  obvious  to  the  eye,  liable  to  be  over- 
looked, and  of  secondary  histological  importance. 

Holophrya  and  the  following  genus,  Prorodon,  are  included  in  Dujardin's 
family  Paramecina. 


found  the  pre\ious  species,  H.  Ovum,  in 
the  same  condition.  Instead  of  being 
white,  it  is  often  coloiu-ed  green  by 
chlorophyll. 

H.  Coieps  {Leucophra  glohulifera,  M.). 
— Oblong,  cylindiical;  rounded  at  both 
exti-emities ;  whitish.   1-430"  to  1-280". 

H.  hrumiea  (Duj.).— Brown,  changing 
from  a  cylmdrical  to  a  globidar  form 
when  fQled  with  food,  and  also  then 
altering  in  colom-. 


HoLOPHHYA  0mm  (Leucophra  hursata, 
M.)  (xxrv.  281).  — Ovate,  somewhat 
cylindrical,  extremities  subti-uncate ; 
granules  green.  Amongst  Lemnse  and 
ConfervEe.    1-570"  to  1-210". 

H.  discolor  (Trichoda  horrida,  M.). — 
White,  ovate,  conical,  subacute  at  the 
posterior  extremity ;  cilia  long  and 
scattered.    Amongst  Confervse.  1-240". 

This  species  Stein  has  noticed  ia 
the  encysted  condition,  surroimded  by 
a  thick-walled  cyst.    Cohn,  moreover,  i 

Genus  PKORODON  (XXIV.  282 ;  XXVIII.  8).— Is  distinguished  by  the 
directly  truncated  mouth,  and  a  circlet  or  cylinder  of  internal  teeth.  Body 
covered  with  vibratile  cilia.  Digestive  cells,  an  oral,  and  an  anal  outlet  have 
liecn  demonstrated  by  coloured  food.  A  long  band-like  nucleus,  contractile 
sac,  and  granules  are  seen  in  P.  niveus.  .        n  •■, 

In  the  system  of  Perty,  Prorodon  constitutes  a  member  ot  the  tamUy 
Dcctcria  in  company  v,nth  Chilodon,  Nassula,  Hahrodon,  and  Cyclogramma 
Habrodon  is  annexed  to  this  present  family  ;  but  Cyclogramma  ^^1ll  be  found 
placed  among  the  TracheHna,  along  with  Chxlodon  and  Nassula. 
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Prorodon  niveus. — Lav^e,  elliptical, 
and  compressed ;  coloiu-  white ;  circlet  of 
teeth  compressed  (teste  Ehr.),  as  shown 
separate  in  xxiv.  283.  Smaller  examples 
have  fewer  teeth  than  tlie  large.  Cilia 
verj'  fine.  It  is  found  encysted.  Amongst 
CouferviB  in  tm-f-pools."  1-72".  Cohn 
intimates  (Zeitschr.  1863,  iv.  p.  271)  that 
this  species  and  the  next  are  merely 
varieties  of  the  same  being. 

P.  teres  (xxiv.282;  xx-^td.  8). — Ovate, 
cylindrical,  white  ;  circlet  of  teeth  cylin- 
drical. Ehrenberg  counted  twenty  sup- 
posed teeth  ;  and  when  the  cyliiader  was 
broken,  forty-five.  Revolves,  in  swim- 
ming, upon  the  long  axis.  1-140".  It 
has  been  seen  in  the  encysted  state,  and 


to  imdergo  fission  when  in  that  condition. 

P.  viridis.— Large,  elliptic,  compressed, 
green,  with  a  nearly  cylindrical  crown  of 
teeth.    1-120".  Berlin. 

In  all  probability  this  gi-oen-coloured 
organism  is  a  mere  variety  of  the  pre- 
ceding, from  which  it  offers  no  distinc- 
tive  featm'cs.  In  Prorodon,  as  in  Chi- 
lodon,  fission  occurs  in  encysted  beings. 

P.  vorax  (Perty).— Hyaline,  seldom 
green  ;  dental  apparatus  faintly  marked. 
Integimient  covered  with  wart-like  ele- 
vations in  rings.  Movements  tolerably 
rapid;  oftentimes  oscillating.  Anus 
placed  at  posterior  extremity.  1-240" 
to  1-84".  It  chieily  differs  from  P.  7nveus 
by  its  faintly-marked  dental  apparatus. 


"We  have  yet  to  append  some  genera  (whose  affinity  is  with  the  foregoing) 
described  by  Dujardin,  viz.  Acomia,  Gastrochceta,  Alyscimi,  and  Uronema, — 
and  which,  with  the  genns  E7iclielys,  constitute  his  family  Enchelyens 
(Enchelina). 

Acomia  and  GastrocJiceta  are  only  ciliated  partially — the  former  at  one 
end,  the  latter  along  a  longitudiaal  furrow  on  the  under  surface.  Enchelys, 
Alyscum,  and  Uronema  are  ciliated  throughout, — the  first  having  but  one 
form  of  cilia ;  the  second,  cilia  together  with  some  long,  contractile,  trailiag 
filaments ;  and  the  last,  cHia  with  a  single,  straight  and  long  posterior 
filament. 

Genus  ACOMIA  (D.)  (XXVI.  16,  17).— Oval  or  irregular,  oblong,  coloui-- 
less  or  cloudy,  formed  of  a  homogeneous  glutinous  substance  containing 
unequal-sized  granules,  and  ciliated  at  one  end.    No  mouth. 

Perty  remarks  that  there  is  an  absence  of  definite  characters  between 
this  genus  and  the  Enchelys  (Duj.),  and  that  the  species  of  Acomia  requii'e 
further  study. 


Acomia  Cyclidium  (xxvi.  16  a,  h). — 
Oval,  oblong,  depressed,  contaruing  large 
gi'anules  and  some  vacuoles  ;  transverse 
fission.  In  external  form  approaches 
Cylidium  (Ehr.).   Mai-ine.  1-650". 

A.  vitrea  (xx-\t:.  17  a,  b). — Ovoid,  hya- 
line, but  rendered  cloudy  by  gi'anules  in 
its  posterior  half ;  anteriorborderciliated; 
division  longitudinal.  1-1250".  In  fetid 
water. 

A.  ovalis. — Differs  from  the  preceding 
by  the  gi-anides  occupying  the  anteiHor 
half,  and  by  its  length,  1-868".  In  fetid 
marsh-water. 

The  difference  in  position  of  the  gra- 
nules is  valueless  as  a  specific  distinction 
between  this  and  the  previous  species, 
and  should  be  rejected. 

A.  Ovidum. — Ovoid,  presenting  a  no- 
dular or  granular  portion,  wliich  seems 
to  contract  itself  within  the  interior 
of  a  diaphanous  envelope.  Revolves  in 
moving,  like  a  Doxororriis.  1-300". 

Stein  (Iiifus.  p.  137)  declares  that 


it  is  undistinguishable  from  Cyclidium 
Glaucoma  (Ehr.). 

A.  (?)  Vorticella. — Ovoid,  nearly  glo- 
bidar,  colourless,  cloudy;  ciliated  in  its 
anterior  half;  cilia  curved  backwards. 
Revolves  on  its  axis  iu  progressing  for- 
wards.   1-1000".    In  sea-water. 

A.  (?)  costata.  —  Ovoid-oblong,  nar- 
rower in  front ;  apparently  enclosed  by  a 
thick  membrane,  or  consistent  layer; 
nodular  ;  nodules  often  arranged  in  rows 
as  ribs.  Division  transverse.  1-660"  to 
1-500".    In  sea-water,  among  Algre. 

A.  varians.  —  Oblong,  cylindrical ; 
truncated  and  angular  in  froiit ;  dilated 
and  compressed,  by  turns,  in  diil'ercnt 
parts  of  its  length,  and  consequently 
alternately  rounded  and  constricted  be- 
hind, so  as  to  terminate  by  a  pointed  tail. 
Revolves  on  its  axis.  l-lOOO"  to  1-460". 

A.  injlata. — Oval,  tapering  anteriorly, 
beset  everywhere  with  very  fine  cilia: 
colourless,  or  occupied  with  green,  grev, 
or  brown  grauides.    Movement  rapid, 
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revolving.  Cilia  often  appear  longer  in  gular ;  convex  above,  flat  beneath,  or 
front.  Found  by  Dujardm  and  Perty  in  rather  concave.  Thicldy  ciliated  all 
decomposing-  marsh-water.  over.    1-670".    Amongst  Lemnaj. 

A.  cava  (Perty).— Oval,  slightly  im- 

Genus  HABEODON  (Perty). — Body  subcylindrical,  rather  bent ;  thickened 
posteriorly,  and  mostly  tmncate  in  front.  Month  anterior,  with  a  very  deli- 
cate dental  apparatus.    Anus  posterior.    Cilia  in  longitudinal  rows. 

This  genus,  created  by  Perty,  is  placed  by  him  in  juxtaposition  with  Pro- 
roclon,  with  which  and  Ohilodon,  Nassula,  and  a  new  genus,  Cydoyramnia, 
it  constitutes  a  family  called  Decteria. 

posteriorly  it  presents  a  round  clear 
space  (an  anus?).  Movements  slow. 
1-390"  to  1-132".  In  springs,  with 
Chara, 


&c.,  Bern. 


Habbodon  curvatus  =  Enclielys  Pupa 
(?)  (MiiU.).— Colour  usually  grey  or  pale 
green,  with  numerous  molecules  and 
vesicles ;  anteriorly  it  is  hyaline,  and 

Genus  ACEOPISTHIUM  (Perty)  (XXVIII.  61).— Circular,  with  an  ante- 
rior flap,  or  rounded  olf ;  pointed  behind. 


more  perceptible  anteriorly.  The  figm-e 
varies  miich.  Mouth  in  front  (?).  1-360" 
to  1-320".  Uncommon. 


movement.  A  slight  depression  some- 
times perceptible  on  one  side,  in  the 
position  of  the  mouth.  Fission  ti-ans- 
verse.  1-840"  to  1-660".  Amongst 
Charse,  but  rare,  in  Switzerland. 


ACKOPisTHrtJJi  mutabile.  —  Hyaline, 
with  darker  vesicles  and  molecules. 
Movements  very  rapid,  revolving.  Cilia 
cover  the  entire  surface,  very  fine,  usually 

Genus  B^ONIDIUM  (Perty)  (XXVIII.  52-54).— SmaU,  subcylindrical; 
cilia  at  anterior  end  large  ;  movement  sluggish. 

BiEONTDiuM  remigans. — Usually  pris- 
matic and  roimded;  often  rather 
wrinkled;  hyaline,  but  nearly  always 
filled  with  green  corpuscles.  Cilia 
generally  distributed  ;  the  large  anterior 
ones  simulate  pedal  organs  in  theii- 

Genus  OPISTHIOTEICHA  (Perty)  (XXVIII.  55-57).— SmaU,  elongated- 
cyUndrical  or  pyiiform ;  cilia  distributed  over  the  body,  very  fine,  some  of 
those  on  the  posterior  extremity  large,  ciliary  action  sluggish. 

Opisthiotbicha  tenuis  (xxvm.  55-  Large  posterior  cUia  from  two  to  three 
57).— Colourless  or  slightly  gi-een,  with  in  young  specimens,  five  to  six  m  old. 
delicate  vesicles  and  molecules  m  the  1-900"  to  1-440".    In  mai-sh-  or  bog- 
interior.     Swims  very  rapidly,  revoly-  water.  Uem, 
ing  at  the  same  time  on  its  long  axis. 

Genus  SIAGONTHEEIUM  (Perty)  (XXVIII.  62,  63).— Veiy  small,  ex- 
tended anteriorly,  thickened  posteriorly  ;  with  a  long  stiff  biistle  extended 
backwards  on  one  side  of  the  anterior  extremity. 

SiAGONTHEBixTM  fenwe.-Seen  on  the    delicate,  with  internal  molecules  aiid 
wider  side,  elongated  ovate;   anterior   vesicles,    ^^t^c^  m  Bera 
prolon-^ation  directed  forwards  from  the    Hysgmum  pluviak.    1-900  to  1-/60  . 
smaller  subcylindrical  half.  Extremely 

Genus  MEGATEICHA  (Perty)  (XXVIII.  58-60).— Veiy  smaU,  clothed 
with  Ion"-,  scattered  and  slowly-moving  cHia.  Body  entire,  or  divided  inconi- 
^etely  iSto  two  unequal  portions.  "  These  are  the  most  delicate  and  simple 
of  aU.  the  Ciliata." 

longs  to  this  species.  1-1440  '.  Un- 
common. 


Megatbicha  intciira.  —  Undivided, 
colouriess,  with  long,  deluuite  ci ha. 
Very  possibly  Chatomonas  Globulus  be- 


M.  partita  (xxvui.  58-60).— Divided 
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iuto  a  smaller,  rather  pointed,  anterior  sluggish.    Swinimmg  often  interrupted 

section,  and  a  wider  posterior  one;  co-  suddenly  by  a  jerk  m  another  directi^^^^ 

lourless.     Extremely  delicate;    often  Fission longitudmal.  1-1560'  to  1-1320". 

composed,  like  many  Monads,  of  only  Rare,  among  decomposing  Confervse. 
five  molecules.     Movements  of  cilia 

Genus  PTYXIDITTM  (Forty)  (XXVIII.  40-42).— Ovate,  pointed  in  front, 
with  several  folds.    Cilia  equal,  very  fine. 

is  more  probably  an  Acomia.  Perty  dis- 
covered no  food  in  the  interior. 


Ptyxtditim  Ovidum = Lmcophrys  pyri- 
fonnis  (Ehr.).  Kolpoda  Pyrimi  (MiiU.), 
"which  Ehi-enberg  cites  as  synonymous, 


Genus  COLOBIDIFM  (Perty)  (XXYIII.  45).— When  mature,  ovate ;  in 
earlier  condition,  truncate  posteriorly — frequently  emarginate, — rounded  an- 
teriorly. Cilia  in  longitudinal  rows,  those  in  front  longer ;  their  movements 
slow. 


Co'LOBiDimipellucidmn. — Very  ti-ans- 
parent,  colourless  or  clear  green ;  move- 
ments rapid,  always  rotating.  "  The 
longer  cilia  in  front  often  moved  in  a 


foot-like  manner."  1-1900"  to  1-600". 
In  tmf-hoUows  amon^  Confei-vse.  Bern. 
Acomia  Vorticella  (Duj.)  is  probably  only 
a  variety  of  this  species. 


Genus  APIOMDIUM  (Perty)  (XXVHI.  48,  49).- 
front  than  behind ;  rows  of  cilia  few  in  number. 


-Eounded ;  thicker  in 


Apiontditim  modestum.  —  Hyaline, 
with  coloured  (green  or  brown)  food-par- 
ticles. Rows  of  cilia  from  seven  to  nine ; 


cilia  very  fine.  A  round  clear  space 
usually  visible  posteriorly.  Rare.  1-260" 
to  1-240". 


Genus  GASTROCHiETA  (Duj.)  (XXVI.  18).— Body  oval,  convex  on  one 
side,  and  hollowed  by  a  longitudLaal  furrow  on  the  other ;  cilia  seated  in  the 
furrow,  chiefly  at  the  two  ends. 

Gastboch^ta  Jissa  (xx%t:.  18).  —  Semitransparent,  oval,  tnmcate  in  fi-ont. 
1-408".    In  the  water  of  the  Seine. 

Genus  ALYSCUM  (Duj.)  (XXVI.  20).  — Body  ovoid-oblong  irregular, 
surrounded  by  radiating  cUia,  and  having,  besides,  a  lateral  bundle  of  long 
retractile  cilia,  by  means  of  which  it  leaps  briskly  from  place  to  place. 

The  single  species  much  resembles  Enchelys  nodulosa  (Paramecium  Milium, 
or  Pantotnclmm  Enchelys,  Ehr.)  from  which  it  is  distinguished  by  its  retractile 
filaments. 

Alyscum  saltans  (xxvi.  20). — Colour- 
less, oblong,  rounded  at  the  ends,  rather 
concave  along  the  side  bearing  the  re- 
tractile filaments,  and  marked  by  some 


almost  invisible  longitudinal  fm-rows. 
1-1300"  to  1130".  In  infusions  and  in 
the  Seine. 


Genus  URONEMA  (Duj.)  (XXVI.  25).— Body  long,  narrower  in  front, 
rather  curved ;  surrounded  by  radiating  cilia,  and  bearing  a  long  straight 
cilium  behind. 


UnoNEMA  marina  (xxvi.  25). — Co- 
loiuless,  semi-transparent,  nodular,  elon- 
gated; contracted  in  front;  slightly 
curved,  with  from  four  to  five  slightly- 
marked  longitudinal  striso.  1-595".  In 
the  Mediterranean. 


Stein  considers  this  form,  as  in  the 
instance  of  Cyclidium  Glaucoma,  to  be 
merely  an  embryo  of  an  Infusorium,  and 
not  an  independent  species. 
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Genus  COLEPS  (XXIV.  284-286). 
racteristics  are  identical  with  those  of 

CoLEPS  hirtus  (Cercarta  hirta,  M.) 
(xxiv.  284-286)  .—Body  white,  oval,  with 


FAMILY  VI.— COLEPINA. 

(XXIV.  284,  285). 

Loricated  animalcules  having  the  mouth  and  anus  placed  at  the  opposite 
extremities  of  the  body.  The  lorica  is  of  the  form  of  a  small  cask,  composed 
either  of  minute  plates  placed  in  a  row,  or  of  little  rings  between  which 
cilia  are  situated  ;  anteriorly  it  is  truncated,  smooth  or  toothed,  and  poste- 
riorly terminated  by  three  to  five  little  points  ;  mouth  cihated.  The  diges- 
tive vacuoles  in  these  creatiu-es  are  readily  filled  with  coloured  food,  which  is 
ejected  posteriorly.  Complete  transverse  self-division  has  been  observed. 
A  distinguishing  character  of  the  Cihated  Protozoa  is  their  asymmetrical 
figure  ;  but  the  genus  Coleps  is  an  exception  to  the  general  rule. 

In  the  act  of  fission  a  new  formation  of  tissue  appears  to  take  place  along 
the  futui-e  line  of  separation,  thinner  and  softer  in  consistence  than  the 
original  covering. 

— This  being  the  only  genus,  its  cha- 
its  family. 

C.  eZo?j(/ai!<s.— Cyliadiical,  elongated; 
lorica  wMte,  and  terminating  in  three 
points ;  self-division  transverse.  1-570" 
to  1-430". 

Between  this  form  and  C.  hirtus  Perty 
has  seen  every  iutermediate  figure,  and 
therefore  regards  it  as  a  mere  variety, 
and  not  a  species.  The  colour,  it  hai-dly 
needs  be  stated,  is  in  no  way  character- 
istic. 

C.  amphacanthus. — Ovate,  shorter.  Lo- 
rica, unlike  that  of  the  other  species,  com- 
posed of  rings ;  the  anterior  part  crowned 
with  imequal  teeth,  the  posterior  having 
three  sti-ong  spines.  Found  in  Spiro- 
stomuin  virens.  1-280". 

C.  meM7T-MS.— Oblong,  nearly  cylin- 
drical, and  slightly  cm-ved;  lorica  ter- 
minating in  five  points.  Amongst  Con- 
fervte.  1-430". 

C.  inerviis  (Perty). — Lorica  costate, 
not  granular ;  no  spinous  points  at  pos- 
terior end,  or  very  feeble  ones.  Green 
coi-puscles  occur  iatemally.  The  dis- 
tiuctness  of  the  ribs  varies,  as  well  as  the 
length  and  thickness  of  the  body.  ^lo- 
tions like  those  of  C.  hirtus.  1-600". 
Fresh  water. 


ti-uncated  ends;  lorica  apparently  com^ 
posed  of  small  polygonal  plates,  between 
which"  the  cilia  are  both  transversely 
and  longitudinally  ai-ranged.  Anteriorly 
there  are  nineteen  pointed  processes,  and 
posteriorly  three.  Movements  very  brisk ; 
so  that  it  IS  difiicult  to  examine  the  lorica 
while  the  animal  is  living ;  but  when  it 
is  dried,  or  pressed  between  glasses,  the 
complex  structm-e  of  the  foi-mer  is 
rendered  visible.  Amongst  Confervse. 
1-570"  to  1-430." 

Although  described  by  Ehrenberg  as 
colomiess  or  white,  this  is  no  specific 
character ;  for  it  may  frequently  be  co- 
loured green  by  chlorophyll,  or  tinted 
with  intermediate  shades  between  yel- 
low, green,  and  brown,  according  to  the 
food  taken  and  its  changes  by  digestion. 

C.  viridis. — Green,  oval,  and  ciliated; 
lorica  tei-minating  in  three  poiats. 
Amongst  Confervte.    1-960"  to  1-570". 

Except  in  the  matter  of  colom-,  no 
distinction  from  the  preceding  is  noted ; 
its  specific  independence  may  therefore 
be  fairly  questioned. 


FAMILY  VII.— TRACHELINA. 

(XXIV.,  XXVIII.,  XXIX.) 

This  extensive  family  includes  those  animalcules  which  have  two  distinct 
alimentary  orifices -the  receiving  one  lateral,  the  discharging  one  termma^. 
Thev  have  no  lorica  ;  but  all  the  genera,  except  Phialnui,  are  covered  with 
vibratinff  cilia,  generally  disposed  in  longitudinal  rows,  those  neai-  the 
nS  being  ti  e  longest.  TrUdius  has  no  neck  ;  but  the  frontal  poition  of 
trbodyTs^rolonged  in  the  form  of  a  long  trunk-Uke  hp  ;  in  Zo.W..  and 
Chilodol  it  is  like  a  hatchet-shaped  broad  Hp.    In  ff/««ooma  there  is  a 
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tremulous  flap  to  the  mouth,  and  in  Chilodon  and  Nassula  a  cylinder  of  rod- 
like teeth,  which  sometimes  projects  in  advance  of  the  mouth.  Bursana  and 
Nassula  have  a  thick  frontal  protuberance.  The  reception  and  discharge  of 
coloured  matter  can  be  seen  in  all  the  genera.  In  Nassula  the  violet-coloured 
specks  (bile)  are  worthy  of  notice.  In  Spirostomum  the  mouth  is  spii-al.  A 
nucleus  and  one  or  more  contractile  vesicles  occur  in  aU  the  genera.  Com- 
plete transverse  and  longitudinal  seK-division  is  frequent  and  complete. 


The  genera  are  disposed  as  follows : — 


No  tremu- 
lous 
mouth- 


ft 


Brow  con 
tinuous 
with  the 


a 


flap. 


body. 


with  a    C  lip  long,  proboscis-like  Trachelius. 

brow-Uke  \ 

upper  Hp  [  lip  broad,  hatchet-shaped. .  .Loxodes. 


brow-like  prominent  back   Bursaria. 

^  Mouth  spiral   Spirostom  um. 

Brow  interrupted  in  a  peg-Hke  manner  Pliialiiia. 

\^  Mouth  having  a  tremulous  flap  Glaucoma. 

^  c  f  A  brow-like  prominent  upper  lip   Chilodon. 


^  [  A  brow-like  prominent  back     Nassula. 


This  family  is  not  recognized  by  Dujardin,  who  rejects  the  supposed  afiini- 
ties  of  its  genera  as  unnatural ;  and  indeed  it  must  be  owned  that  the  Tra- 
chehna,  as  understood  by  Ehrenberg,  represent  a  heterogeneous  collection 
rather  than  a  natural  group.  Bursaria  includes  some  mouthless  Opalince. 
Spirostomum  evidently  takes  its  place  next  to  Stentor ;  and  Chilodon  and 
Nassula  are  removed  in  several  important  details  of  organization  from  Tra- 
chelius and  Phialina. 

Perty  retains  in  his  classification  a  family  Trachelina,  and  places  in  it  the 
genera  Trachelius,  Harmodirus,Amphileptus,  Loxophyllum,  Dileptus,  Pelecida, 
and  Loxodes, — adopting,  however,  the  characters  assigned  by  Dujardin  in 
preference  to  those  given  by  Ehrenberg.  The  brief  character  of  Trachelina 
recorded  is — "  Body  elongated  anteriorly  into  a  neck-like  process,  or  pro- 
truding a  proboscis  curved  on  one  side." 

We  have  retained  in  the  preceding  description  of  Trachelina,  adopted  from 
Ehrenberg,  several  notes  of  structm-al  peculiarities  which  subsequent  re- 
searches show  to  be  erroneous.  That  the  mouth  is  lateral  and  the  anus  ter- 
minal in  all  the  members  gf  the  family  is  not  the  case.  Thus,  in  Cliilodon  the 
discharging  orifice  is  on  one  side,  near  the  posterior  extremity.  Lachmann 
{A.  N.  H.  1857,  xix.  p.  216)  speaks  of  the  buccal  orifice  of  Glaucoma  as 
produced  into  two  flaps.  The  teeth  (so  called)  in  Nassula,  Chilodon,  etc., 
have  no  real  claim  to  that  designation ;  for  they  arc  no  more  than  folds  or 
thickenings  of  the  oesophagus  (see  Part  I.  p.  31 1 ).  The  violet-coloured  spots, 
imagined  by  Ehrenberg  to  be  vesicles,  are  merely  accidental  specks  of  colour 
derived  from  the  food  (see  p.  312,  and  notes  on  Nassula  elegans). 

Cliilodon  and  Nassida  have  been  proved  to  propagate  by  living  embryos, 
after  a  previous  encysting-stage ;  and  in  all  probability  most  of  the  other' 
genera  do  so  likewise.  Nassula  amhigua  (Stein)  has  been  seen  in  the  same 
encysted  condition  as  Chilodon ;  and  only  the  l.-ist  stage,  that  of  the  internal 
development  of  a  ciliated  embiyo,  to  complete  tlic  cycle  a.s  in  Chilodon,  has 
escaped  observation. 
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Genus  TRACHELIUS  (XXIV,  287-290).— Body  ciliated ;  mouth  simple, 
destitute  of  teeth,  is  seated  on  one  side  at  the  base  of  the  veiy  much  elon- 
gated upper  lip  or  proboscis.  Cilia  are  absent  in  three  species.  In  four 
species  coloured  food  has  been  received,  and  in  three  the  discharging  orifice 
detected.  It  has  also  a  collapsed  cesophagiis,  visible  only  during  the  passage 
of  food.    Two  species  increase  by  transverse  self-division. 

This  genus  forms  a  member  of  the  family  "  Trichodiens "  (Trichodina) 
(Duj.),  along  with  Trichoda  and  genera  named  Acineria,  Peledda,  and 
Dileptus. 

The  account  he  gives  of  the  animals  differs  much  from  the  foregoing.  Ac- 
cording to  it,  Trachelius  is  destitute  of  a  contractile  or  reticulated  integu- 
ment, and  is  composed  of  a  muco-gelatinous  substance  (sarcode)  containing 
granules,  which  are  oftentimes  agglomerated  in  the  form  of  nodules,  disposed 
in  rows.  The  apparent  oviposition  in  T.  Ovum  and  T.  Meleagris  was  nothing 
more  than  the  breaking  up  of  part  of  the  ardmalcule  by  "  diffluence,"  and 
the  supposed  ova  only  particles  of  "  sarcode." 

"The  cilia  at  the  anterior  extremity  are  larger  than  those  on  the  rest 
of  the  body.  Posteriorly  a  large  vacuole  is  often  to  be  seen.  There  is  no 
distinct  mouth." 

The  last  statement  is  contradicted  by  recent  investigations,  which  prove 
that  the  animalcules  belonging  to  this  family  have  a  mouth,  and  some  of 
them,  at  least,  an  anus. 


Tbachelitts  Anas  (Trichoda  Anas  et 
Index,  M.)(xxiv.  287-289).— White,  cla- 
vate,  and  cylindrical;  proboscis  thick, 
obtuse,  not  half  the  length  of  body; 
mouth  situated  close  to  the  base  of  the 
proboscis.  In  exposed  infusions,  and 
freshwater  swamps,  amongst  Confervas. 
The  interior  often  contains  green  (chlo- 
rophyll) vesicles.    1-280"  to  1-120". 

T.  Dorax.— Clavate-ovate,  turgid,  co- 
lour white;  proboscis  thick,  obtuse, 
shorter  than  half  the  body ;  mouth  situ- 
ated near  the  middle  of  the  body,  and 
not  at  the  base  of  the  proboscis.  Amongst 
Confei-vaj.  1-120". 

T.  Meleagris. — Compressed,  lanceolate, 
often  curved  m  the  form  of  the  letter  S ; 
proboscis  thick,  obtuse,  shorter  than  half 
the  body.    1-96"  to  1-60". 

Ehrenberg  described  in  this  species  a 
red-colom-ed  fluid  which  he  called  bUe, 
and  a  row  of  ten  to  twelve  vesicles  along 
the  back,  which  he  concluded  to  be  sto- 
mach-ceUs  filled  with  red  gastric  juice.  It 
is  now,  however,  admitted  that  these  ceUs 
are  really  contractile,  and  form  a  vascular 
chain.  The  nucleus  is  oval,  with  a  cen- 
tral constriction.  Dujardin  adopted  this 
species  as  one  form  of  a  new  genus, 
Loxophyllum,  hereafter  described  m  the 
family  Colpodea.  ,  ,  _  „  ht  n 
1.  Lamella  {Kolpoda  Lamella,  M.) 
(XXVI.  24  a,  &).— Depressed,  lanunar, 
elongated,  linear-lanceolate,  often  trim 
cated  anteriorly  and  rounded  ;  margin 
ciliated  (Dujardin  says,  only  in  h-ont). 


Ehrenberg  considers  this  form  maybe  no 
other  than  the  young  condition  of  Am- 
phileptm  Fasciola ;  and  Perty  would  add, 
of  Spathidium  hyalinum.  In  sea-water. 
1-900"  to  1-200". 

T.  Anaticula.  —  White,  small,  ovate, 
pyriform,  attenuated  and  diaphanous  an- 
teriorly. Dujardin  believes  he  has  seen 
several  of  these  animalcules  become  by 
simple  contact  agglutinated  together, — 
a  circumstance  which  would  indicate  the 
absence  of  a  ti-ue  integument.  Amongst 
Confervas.    1-570"  to  1-280". 

T.  (?)  tricJiophorus  (  Vibrio  stridm,  M.) 
— Cylindiical,  changeable,  often  clavate; 
proboscis  capitate,  of  the  form  of  a  very 
deHcate  whip.    1-1200"  to  1-430". 

T.  (?)  glohulifer.  —  Spherical,  hyalme, 
with  a  very  delicate  whip-like  acute  pro- 
boscis.   Amongst  Confervae.  1-200". 

T.  Ovum  <xxiv.  290).— Large,  ovat€, 
wide  or  campanulate  anteriorly;  pro- 
boscis short,  in  the  form  of  a  beak ;  con- 
tractile vesicles  nmuerous.  "  In  no  in- 
fusorial animalcule,"  says  Ehrenberg,  "  is 
the  alimentary  canal  so  easily  seen  as  m 
this;  the  large  mouth  and  contractile 
vesicle,  Iving  over  the  lower  part  of  the 
alimentary  canal,  are  equally  e^ndeut; 
niunerous  small  digestive  cells  and  ova- 
gi-anides  appeal-  in  every  part."  It  is  in 
this  species  that  Lieberkiihn  and  Lach- 
manu  have  latterly  described  the  exist- 
ence of  an  ai-borcscent,  ramified  digestive 
canal,  quite  distinct  fi-om  the  clear  roimd 
spaces  in  the  parenchyma  of  the  body, 
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which  some  have  supposed  to  be  sto- 
machs. In  stagnant  bog-water.  1-72." 
It  has  been  foimd  encysted.  (Vide  Pai-t  I. 
p.  309). 

T.  (?)  ^a^/ceps.— Flattened,  elliptical ; 
anterior  part  (head)  membranous,  vari- 
able and  -wide,  with  a  notch  from  which 
proceeds  a  flagellifoi-m  proboscis  almost 
double  the  length  of  the  body.  1-912". 
In  North  Sea. 

T.  dendrophihis.  —  Ovate,  subacute  at 
each  end;  proboscis  very  fine,  acute, 
double  the  leng-th  of  the  body.  1-288"' ; 
with  filament,  1-96'"  to  1-72"'.  Has  the 
habit  of  a  Monad,  but  the  motion  of  T. 
trichophorus,  than  which  it  is  very  much 
smaller.    On  tree-mosses. 

T.  stricttis  (Duj.). — ^Filiform,  extremi- 
ties rather  pointed ;  the  cilia  visible 
only  in  front.  1-400".  Amongst  Lemnffi ; 
seen  also  by  Perty  in  Switzerland. 

T.  teres. — Filiform,  cylindrical,  obtuse 
anteriorly,  pointed  and  tapering  behind ; 
ciliated  only  in  the  anterior  margin. 
1-170".    In  stagnant  sea-water. 

T.  Fah. — Long,  depressed,  lanceolate 


or  sigmoid ;  variable ;  narrower  and 
rather  curved  anteriorly  in  a  sickle-like 
form;  ciliated  generally.  1-420".  In 
pond-water. 

T.  nodidiferus  (Perty).— Very  slender, 
nan-owed  anteriorly,  but  terminated 
abruptly  by  a  roimded  end;  colourless, 
but  with  diffused  chlorophyll-vesicles  at 
times,  and  granules.  Cilia  scarcely  vi- 
sible, except  near  the  head,  where  they 
are  rather  larger.  Movements  slow.  The 
elongated  neck-like  portion  devoid  of 
molecules.    1-570"  to  1-120"  (Bern). 

T.  apiadatus.  —  Slender,  tapering  an- 
teriorly, its  end  being  obtuse.  Coloiu'- 
less,  with  diffused  vesicles  and  molecules. 
Cilia  very  delicate.  Movements  rapid, 
like  those  of  Trachelocerca.  1-144". 

T.  pusillus. — Considerably  elongated; 
rather  flattened;  colourless;  witharoimd 
opening  at  its  narrower  anterior  ex- 
tremity. Movements  tolerably  quick, 
with  slow  revolutions  on  its  axis. 

Pei"ty  intimates  it  to  be  the  same 
species  as  Trachelius  trichophorus  (Ehr.) 
and  the  Feranema protractum  (Duj.). 


Genus  LOXODES  (XXIV.  291-293).— Body  ciliated  throughout,  mouth 
simple,  devoid  of  teeth ;  upper  lip  continuous  and  broad,  hatchet-shaped  ; 
locomotive  cilia  longer  near  the  mouth.  The  contractile  vesicle  is  round ; 
the  nucleus  oval  or  ovoid.  In  L.  Bursaria  an  oval  nucleus  and  two  contrac- 
tile globular  vesicles  have  been  seen.    Self-division  transverse. 

Dujardin's  characters  of  Loxocles  are — "  Body  flat,  membranous,  or  mth  an 
apparently  membranous  lorica,  flexible  but  not  contractile,  expanded  at  the 
centre  of  its  superior  or  dorsal  surface,  often  concave  on  the  under  surface  ; 
contour  irregularly  oval,  sinuous  and  obliquely  prolonged  anteriorly  ;  fiu-nished 
with  very  fine  cilia,  confined  to  its  anterior  margin.  In  general  characters," 
he  adds,  "  Loxocles  approaches  nearest  to  Trachelius  (family  Trichodina)  ;  but 
the  signs  of  an  integument  are  so  clear  as  to  sever  it  from  that  genus  and 
family."  The  Loxodes  described  by  the  French  author  are  almost  aU  of  them 
distributed  by  Ehrenberg  among  other  genera  and  families ;  and  hence  there 
is  unfortunately  none  but  the  slightest  relation  between  the  similarly-named 
genus  of  the  two  writers.  Thus  the  Loxodes  Rostrum  of  Ehrenberg  is  the 
representative  of  a  genus  Pelecida,  of  the  family  Trichodina,  in  the  system  of 
Dujardin,  and  bears  the  name  of  Pelecida  Rostrum.  In  this  position  it  is 
brought  into  close  relation  with  the  genera  Trichoda  and  Trachelius  (Ehr.), 
and  with  two  others,  named  by  Dujardin  Acineria  and  Dileptus. 

The  last-mentioned  genus  comprises  Infusoria  placed  by  Ehrenberg  with 
Amphilejjtus,  in  describing  Avhich  we  shall  take  the  opportunity  to  give  the 
characters  of  Dileptus,  whilst  Acineria  and  Pelecida  will  be  included  among 
the  appended  genera  at  the  end  of  the  present  family,  Trachclina. 


Loxodes  Eost  'um  (^olpoda  Ilostrutn, 
M.,  Pelecida  Rostrum,  D.)  (xxrv.  291- 
29.3). — Body  compressed,  white,  lanceo- 
late, slightly  curved  in  the  form  of  an  S, 
in  consequence  of  the  lip  being  a  little 
imcinated.  Ehrenberg  states  that  he  has 


very  often  seen  large  Navtcules  and  Si/n- 
edrm  within  this  creature,  although  it 
would  not  feed  on  coloured  food.  The 
cilia  are  very  delicate,  (xxiv.  291,  an 
animalcule  wliich  has  fed  upon  Bacil- 
laria ;  xxiv.  292,  another,  creeping  along 
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Confervie ;  and  xxv.  293,  a  specinieu 
xmdergoing  transverse  sell-division.) 
Amongst  Confervfu.    1-144"  to  1-36". 

L.  Cithara  (Trichoda  aurantin,  M.). — 
Triangulai-  and  compressed ;  anteriorly 
dilated  and  obliquely  truncated,  but 

fiointed  at  the  posterior  extremity.  Co- 
our  white.    1-430"  to  1-210". 

\j.Bursaria. — Oblong;  anteriorly  ob- 
liquely tnmcated  and  depressed ;  poste- 
riorly hemispherical.  The  mouth  is  placed 
near  the  centre  of  the  ventral  sm-fece,  at 
the  bottom  of  a  deep  funnel-like  fossa 
(vestibulum),  the  upper  border  of  which 
is  longer,  broader,  rather  concave,  and 
truncate,  and  constitutes  the  "upper 
lip"  of  Ehrenberg.  A  long  oesophagus 
extends  far  into  the  interior  from  the 
mouth.    In  bogs.  1-280". 

This,  Focke  and  Stein  show,  is  not  a 
species  of  Loxodes,  but  of  Paramecium, 
and  therefore  rightly  named  P.  Bursaria 
(which  see,  p.  635).  It  was  this  species 
which  was  so  elaborately  examined  by 
Cohn,  especially  with  regard  to  its  repro- 
duction. Yoimg  specimens  are  coloiu'less ; 
but  matui-e  beings  have  numerous  chlo- 
rophyll-corpuscles difftised  in  their  cor- 
tical laminae.  There  are  two  round  con- 
tractile spaces,  which  by  pressure  assume 
a  stellate  appearance  similar  to  those  of 
P.  Aurelia.  The  rotation  of  the  contents 
may  be  demonstrated  in  this  species ;  and 
Cohn,  Focke,  and  Stein  have  witnessed 
its  reproduction  by  a  living  germ  or  em- 
biyo.  In  figure  it  is  very  like  Chilodon 
Cktculhdus,  but  has  the  oral  fossa  (vesti- 
bule) and  cilia  of  Paramecium. 


L.  plicatus.  —  Elliptical,  depressea, 
convex  on  the  back,  and  slightly  plicated ; 
the  lip  uncinate.  On  Confervse.  1-430". 

The  species  of  Loxodes  mentioned  by 
Dujardin  are  L.  Cucullulus  =  Chilodon 
CucuUus  (Ehr.) ;  and  L.  CucuUio  =  (?) 
Kolpoda  CucuUio  (M.),  placed  by  Ehren- 
berg among  the  Kolpodea. 

L.  reticulatm.  —  Oval ;  more  slender, 
sinuous,  and  flexible  anteriorly ;  surface 
granidar.    In  long-kept  marsh-water. 

This  species  is,  in  Stein's  opinion,  a 
mere  accidental  variety  of  CliilodonCucul- 
Itdus,  determined  by  the  bulk  of  food 
received. 

L.  marinus. — Depressed,  oval,  almost 
renifoi-m;  with  internal  fine  granules, 
and  a  row  of  puncta  near  both  the  ante- 
rior and  posterior  margins.  1-350".  In 
salt  water. 

L.  dentatus. — Similar  to  L.  Cucullulus, 
but  having  a  bundle  of  bristles  about  the 
mouth,  as  in  Cliilodon,  from  which  it 
diflers  by  the  lorica  (cuirass)  and  by  the 
absence  of  cUia  on  the  sm-face. 

The  distinction  of  this  species  and  L. 
Cucullulus  as  independent.  Stein  rightly 
criticizes  as  an  error  on  the  part  of  Du- 
jardin, and  shows(Jw/Ms.  p.  131)thatboth 
"of  them  are  only  accidental  varieties  of 
Chilodon  Cucullulus, — Loxodes  CuculMus 
being  nothing  more  than  small  specimens 
in  which  the  cBSophagus  is  indistict,  and 
L.  dentatus  examples  in  which  this  organ 
is  very  evident. 

L.  brevis  (Perty).  —  Short,  romided, 
with  a  hyaline  proboscis.  1-500".  Bern, 
in  rainwater-ponds. 


Genus  BUESAEIA  (XXIV.  294-296).— Surface  ciliated  tlu-oiighout ;  an- 
terior part  convex ;  mouth  not  terminal,  fringed  with  strong'er  cilia,  though 
simple,  toothless,  and  devoid  of  tremulous  flap.  The  cilia  ai-e  distinctly  seen 
in  coloured  water,  and  are  generally  disposed  in  rows;  those  around  the 
mouth  are  longer  than  the  others.  The  nutritive  system  (says  Ehrenberg) 
consists  of  an  alimentary  canal,  curved  forwards ;  it  is  fui-nished  with  diges- 
tive cells  resembling  little  purses,  which  are  attached  to  it  by  short  stalks. 
The  mouth  is  large,  situated,  as  in  Leucophrijs,  obliquely  at  the  anterior  ex- 
tremity, so  that  a  brow,  as  it  were,  either  projects  over  it  or  else  forms  the 
end.  The  contractile  vesicle  is  sometimes  doubled;  the  nucleus  oval  or 
ovoid.  The  anus  is  placed  at  the  posterior  extremity.  Self-division,  longi- 
tudinal or  transverse,  has  been  observed  in  five  species. 

Dujardin  has  the  following  remarks  on  this  genus :— "  Ehrenberg,  Avhilst 
admitting  a  genus  Bursaria,  separates  from  it  several  true  species,  and 


Willi  uuiiui  x<vuiiii<^e>      uiiv.      -  ^  _     _  ni  •      i.   V  i' 

Moreover,  the  obliquity  of  the  mouth  m  Bursaria  is  not  a  sufhciont  distmc- 
tion  between  that  genus  aniLeucophrys;  and,  whilst  assigning  a  large  mouth 
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to  the  Bursarue,  ho  includes  among  them  several  species  in  M'hich  the 
existence  of  a  mouth  is,  to  say  the  least,  douhtful." 

The  genus  Barmria  is  taken  as  the  representative  of  a  distinct  family,  both 
hy  Dujardin  and  by  Perty.  The  former,  who  names  it  "  Bm'saiina,"  insti- 
tutes five  genera,  viz.  Plagiotoma,  Ophryoglena,  Bursaria,  Spirostomum,  and 
Condylostoma.  The  latter  adopts  the  same  name,  and  ranges  the  family  in 
his  section  Monima,  comprehending  CiUata  which,  although  very  contrac- 
tile, and  clothed  by  a  soft  integument,  always  retain  theii-  form.  The  genera 
included  among  the  Bursarina  by  Perty  are  Lemhadion  and  Bursaria, — the 
former  a  new  genus  established  by  himself  to  receive  two  species  which  he 
does  not  find  indicated  by  Ehrenberg.  Dujardin  defines  the  Bursarina  as 
"  animals  possessing  a  highly  contractile  body,  very  variable  in  form,  mostly 
oval,  ovoid,  or  oblong ;  ciliated  throughout,  and  having  a  large  mouth  siir- 
monnted  by  a  band  or  suiTOunded  by  a  spirally  ciu'ved  row  of  cUia." 

The  genus  Bursaria  is  closely  allied  to  Paramecium,  from  which  it  is 
chiefly  distinguished  by  the  row  of  larger,  longer  cUia  about  the  mouth,  ex- 
tending along  the  deep  fossa  in  which  that  orifice  is  contained.  In  Para- 
mecium the  cUia  are  everywhere  of  the  same  size. 

Several  of  the  Bursarice  enumerated  by  Ehrenberg  have  been  sho^Ti  to  be 
Opalince,  and  to  be  destitute  of  a  mouth.  These  species  are  B.  Ranarum, 
B.  Entozoon,  B.  intestinalis,  and  B.  Nucleus,  all  wliich  are  further  remarkable 
in  being  parasitic  in  Batrachia.  The  B.  cordiformis  is  also  a  parasite  of  the 
intestine  of  the  frog,  and,  although  a  doubtful  member  of  the  genus,  has  the 
sanction  of  Stein  to  the  generic  position  accorded  it. 


a.  Sub-genus  Bubsaeia.- 


BtTRSABiA  tnmcatella  (M.).    

cated  Bursaria. — Large,  visible  to  the 
naked  eye ;  white,  ovate,  tm'gid,  trun- 
cated and  broadly  excavated  m  front, 
where  there  is  a  simple  row  of  cilia.  In 
some  specimens,  Ehrenberg  saw  half-di- 
gested Rotifera  and  large  quantities  of 
vegetable  matter  in  the  nutritive  cells, 
and  was  able,  as  he  thought,  by  means  of 
carmine  given  as  food,  to  ti*ace  an  ali- 
mentary canal  through  the  greater  part 
of  its  com-se.  In  each  vacuole  the  food 
appears  sun-ounded  by  a  clear  fluid,  which 
Ehrenberg  calls  bile.  A  large  bright 
vesicle  is  seen  below  the  mouth  and 
somewhat  to  the  left  of  it,  on  which  side 
is  also  a  large  curved  but  not  articulated 
nucleus,  reaching  to  the  brow  or  frontal 
region.  In  ditches  and  ponds,  amongst 
rotten  beecli-leaves.    1-48"  to  1-36". 

B.  Vorticella  (xxrv.  294). —White  ; 
large,  nearly  spherical,  and  turgid ;  an- 
tei-iorly  truncated  and  widely  excavated, 
with  a  double  row  of  cilia.  Found  with 
Clilamydomonas  Pukiscidus  and  Gonium 
pectorale,  which  are  sometimes  seen 
within  it,  as  in  xxrv.  294.  1-108". 

B.  foraar.— Large,  oblong,  rounded  at 
the  ends ;  moutli  ample,  bemg  one-third 
the  length  of  the  body,  and  touching  the 
summit  of  the  frontal  region.    This  spe- 


■The  inferior  (not  anterior)  lip  reaching  to  the 
frontal  margin. 

The  trun-  |  cies  has  great  resemblance  to  TJrostyla 
grandis  and  Stylonychia  lanceolata,  when 
their  claws  and  styles  are  withdrawn. 
In  muddy  water  in  sununer.  1-140"  to 
1-108". 

B.  (Opaltna)  Entozoo7i. — Large,  cylin- 
drical, tm-gid,  nearly  equally  roimded  at 
both  exti-emities ;  mouth  small,  neai-  the 
frontal  apex.  Found,  with  the  following, 
in  the  rectima  of  Rana  temporaria  (the 
Frog),  in  summer  and  winter. 

Perty  represents  this  as  a  mere  variety 
of  B.  Ranarum.  He  also  treats  B.  Mtcleus 
and  probably  B.  intestinalis  as  other  va- 
rieties of  the  same  being,  and  therefore 
Opalina. 

B.  (Ojmlina?)  intestinalis  {Vibrio  Ver- 
miculus,  M.).— Slender,  cylindrical,  at- 
tenuated posteriorly ;  mouth  small,  situ- 
ated_  below  the  frontal  apex.  In  this 
species,  as  well  as  in  others,  Ehrenberg 
has  seen  transverse  self-division.  Found 
with  the  preceding.  1-240"  to  1-120". 
It  is  probably  an  Opalina. 

B.  (?)  cordiformis. — Renifoi-m,  fi-ont 
depressed,  mouth  slightly  curved  in  a 
spn-al  manner;  colour  white.  1-210". 

This  species  Stein  affirms  to  be  a  tru(* 
Bursaria ;  but  Perty  nuikes  it  an  Opa- 
lina,— a  view  countenanced  by  its  para- 
sitic nature. 
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coloiir.  With  Lemnse,  Confervse,  &c. 
1-430"  to  1-144". 


B.  latentia  (Trichoda  ignila,  M.). — 
Compressed,  ovato-triangidar,  with  the 
front  sharply  crested,  of  a  brick-red 

b.  Pbontonia. — Anterior  part  of  the 

and  is 

B.  vernalis  (Leucophra  mresce7is,^L). — 
Oval,  tiu'gid,  rounded  at  the  ends,  and 
attenuated  posteriorly.  The  mouth  has 
a  wreath  of  stiif,  short  bristles,  resembling 
teeth ;  numerous  digestive  vacuoles  are 
often  filled  with  large  Oscillatorige,  Na- 
viculse,  &c.  (and  contain  a  reddish  bile, 
Ehr.).  The  progressive  digestion  of  the 
OscLUatorite  is  interesting  to  follow : — 
they  are  at  first  elastic  and  rigid,  and  of 
a  beautiful  blue-green  colom-,  then  di- 
stinctly lax,  flexible,  and  bright  green, 
becoming  afterwards  yellowish  green, 
and  resolved  into  separate  segments, 
which  at  length  tm'n  yellow.  Amongst 
Oscillatoriae  in  spring.  1-144"  to  1-120". 

B.  leucas  (xxiv.  295 ;  xxx.  1).  —  Ob- 
long, cylindrical;  extremities  nearly  equi- 
convex  (bile  colom-less).  This  creatm-e 
has  a  contractile  bladder,  with  a  cm-ious 
jagged  margin  near  the  long  open  mouth. 
With  Oscillatorise,  and  on  the  surface  of 
water.  1-144". 

B.  Piqm  (xxnv.  296).— White,  ovate- 
oblong,  rather  acute  posteriorly;  mouth 
inferior,  and  near  the  frontal  apex  (see 
f.  296).  1-280".  In  chalybeate  water, 
Germany. 

B.  /aya.— Ovate-oblong,  often  acute 
at  the  posterior  exti-emity;  the  mouth 
occurs  in  the  fiat  concavity  immediately 
behiad  the  round  brow.  In  bog-water. 
1-140"  to  1-96". 

"  This  species,"  says  Perty,  "  differs 
much,  both  in  its  figure  and  its  narrower 
oral  fissure,  from  true  Bursaries,  and 
ranges  better  with  Panophrys."  Dujar- 
din,  again,  considers  -B.  Jlava,  B.  leucas, 
and  B.  vernalis  to  be  merely  three  va- 
rieties of  his  Panoplirys  farcta. 

B.  {Opalina)  iVwcfeMS.— Small,  white, 
ovate,  attenuated  anteriorly;  extremities 
convex.  In  Rana  temporaria  and  R.  es 
culenta.  1-240".  Vide  notes  on  B.  En 
tozoon. 

B.  (Opalina)  Ranarum. — Ovate-lenti 
cular  and  compressed,  subacute  ante 
riorly ;  the  back  and  belly  carinated ;  often 
truncated  posteriorly;  mouth  inferior, 
near  the  frontal  apex.    1-210"  to  1-72". 

The  mouth  here  described  has  been 

Genus  SPIROSTOMTJM  (XXIV.  296*-298).— Body  elongated,  or  ribbon- 
T  flriiblP  and  ciHated,  the  frontal  region  continuous:  mouth  lateral, 
stSw"  but  with  a  t^-emulous  flap.    The  locomotive 


hotly  (brow)  projects  heyond  the  mouth, 
convex. 

diligently  sought  for  by  Stein  and  others; 
but  they  can  find  nothing  more  than  a 
fold  of  the  surface,  with  no  orifice  in  it, 
as  shown  by  reagents.  This  species  is 
therefore  a  member  of  the  mouthless 
group  Opalinsea  (vide  subclass  Opali- 
NiEA,  p.  269,  and  Pis.  xxii.  46, 47 ;  xxvi. 
28,  29). 

B.  (?)  aurantiaea. — Ovate-oblong,  an- 
teriorly obtuse,  posteriorly  acute ;  it  has 
an  ash-colom'ed  spot  near  the  mouth. 
Amongst  Oscillatorire.  1-280". 

B.  arhorum.  —  Oblong,  compressed ; 
very  finely  ciliated ;  ends  rounded ;  mouth 
situated  iii  the  anterior  third  of  the  body, 
reaching  its  fi'ontal  exti-emity;  a  wreath 
of  larger  cilia  extending  aroimd  and 
backwards  fi-om  the  mouth.  Length 
1-40"',  double  the  breadth;  vacuoles 
nximerous,  and  two  globular  nuclei  seen. 
On  moss  of  trees. 

B.  triquetra.  —  Ovate-lenticular ;  very 
finely  ciliated ;  dorsum  flat;  venter  tm-gid 
and  slightly  keeled,  hence  an  imperfect 
triquetral  figm-e  of  the  animal ;  anterior 
extremity  subtruncate  ;  oral  fissm-e  long, 
extendurg  from  the  frontal  end,  fr-inged 
with  a  row  of  sti'ong  cilia  extending 
backwards;  nuclei  two,  small;  vesicle 
large,  contractile,  simple,  near  the  pos- 
terior extremity.  Swims  slowly.  1-36"'. 
On  moss  of  ti'ees. 

B.  Blattarum  (Stein).— Is  very  like 
B.  cordiformis,  but  more  compressed; 
roimded  in  fi'ont,  where  there  is  a  very 
opaque,  shariDly-defined,  coarse-gi-anular, 
and  posterior  to  it  the  ti-ansverse  oval 
nucleus.    In  intestine  of  Blatta. 

B.  patida  (Duj.  and  Perty) =iei<co- 
phrys  ludula  (Ehr.)  ;  Bursaria  vtrens 
(Perty)  —  Spirostomum  virens  (Ehr.)  ; 
and  Bursaria  spirigera. 

B.  Loxodes  {Vextj)  =  Loxodes Bursaria 
(Ehr.).  —  Under  no  circumstances  can 
this  species  (savsPerty)  be  reckoned  with 
Loxodes  (Ehr.),  or  with  Pelecida  (Duj.). 

B.  Lumhr{ci(StQin)=Pl(ig{of.o)na Lum- 
brici  (Duj.)  =  Paramecium  cum}}ressum 
(Ehr.)  is  a  Bursaria,  not  a  Parame- 
cium, having  a  row  of  longer  cilia  about 
the  moutii  and  ventral  surface. 
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cilia  are  disposed  in  rows ;  those  at  the  mouth  are  longer,  and  form,  as  in 
Stentor,  a  spii-al  wi'eath  around  it ;  in  ;S^.  ambiguum  the  brow  and  wreath  are 
remarkably  long.  Vacuoles,  to  the  number  of  ninety,  have  been  seen  fiUed 
with  coloured  food,  and  the  discharge  of  the  latter  observed.  The  anus  is 
placed  at  the  posterior  extremity.  [A  band-like  thick  gland  (nucleus)  is  seen  in 
S.  virem,  and  a  bead-like  one  in  other  species.]  The  former  likewise  possesses 
a  large  contractile  vesicle,  and  green  granules  ;  in  S.  ambiguum  the  granules 
are  white.  Self-division  has  not  been  observed,  but  Ehrenberg  presumes  that 
it  takes  place  transversely. 

The  baad-Ulce  or  moniliform  gland  mentioned  by  Ehrenberg  is  in  fact  a 
pidsating  vessel  extending  almost  the  entire  length  of  the  animalcule.  The 
genus  does  not  belong  to  Trachelina,  but  to  a  family  represented  by  Stentor, 
which  Lachmann  and  others  would  establish  with  the  name  of  Stentorina. 
Perty  transfers  Spirostomum  to  TJrceolarina,  in  which  family  it  is  united  with 
Stentor,  CcenomorpTia,  and  Urocentrum.  (See  remarks  on  Vobticellina, 
p.  579.) 


Spieostomtjm  virens  (Sursaria  spiri- 
gera,  D.)  (xxrv.  296*). — Ovate-elongate, 
depressed ;  trimcated  anteriorly,  and 
rounded  posteriorly.  The  back  is  arched, 
and  the  tmder  side  flat.  The  green  gi-a- 
nules  are  sometimes  absent  (f.  296*). 
1-120";  ova  1-6000". 

S.  ambif/imm  {Leucophrys  [Triclioda] 
amhigua,  M.)  (xxrv.  297,  298.)— White, 
cylindi-ical,  filiform,  flexible ;  obtuse  an- 
teriorly, tiimcated  posteriorly ;  an  elon- 
gated frontal  region  or  brow  extends  be- 
yond the  mouth.  The  long  vibrating 
cilia  in  front  often  appear  like  a  pro- 
boscis, and  were  mistaken  for  such  by 
Midler.  The  stincture  of  this  creature 
is  remarkable,  especially  the  mouth, 
which  is  only  one-fifth  from  the  tail ; 
thus  the  frontal  region  or  brow  is  very 
long,  and  the  alimentary  canal  (adds 
Ehr.),  first  inflected  forwai-ds,  retm-ns 


along  the  body.  From  the  mouth  to  the 
anterior  or  top  of  the  brow  nms  a  long 
ciliated  fm-row  (xxrv.  297  and  298).  In 
swimming,  they  extend  themselves,  and 
are  readily  perceived  by  the  naked  eye. 
In  ditches,  among  decaying  oak-leaves 
and  rotten  wood.  1-12". 

Both  Dujardin  and  Perty  consider  this 
animalcule  to  be  the  same  as  that  other- 
wise described  by  Ehi-enberg  as  Uro- 
leptics  Pilum. 

S.  sempervirescens  (Perty).  —  Body 
roimd,  filled  with  green  granules;  tail 
broad,  flat,  and  colom-less.  Cilia  at 
anterior  extremity,  clearly  seen.  The 
green  coloiu-  was  probably  due  to  the 
food.  1-96".  Among  Lemnse,  but  only 
once.  'It  is  allied  to  Kondijlostoma 
(Duj.),  which  difiers  from  it  by  its 
marine  habitat. 


Genus  PHIALINA  (XXIV.  299).— The  frontal  ciHated  poiiion  is  sepa- 
rated fr'om  the  non-ciliated  body  by  a  constriction  or  neck ;  mouth  lateral 
devoid  of  teeth.  The  motion  of  these  creatures  is  due  to  the  powerftj 
wreath  of  ciHa  over  the  mouth.  Ehi-enberg  says,  cilia  may  possibly  be 
present  upon  the  surface  of  the  body,  since  IVtiiUer  described  them  in  Triclioda 
melhtea.  A  contractile  vesicle  (perhaps  two)  is  situated  posteriorly  Self- 
division  probably  transverse.  ' 

Dujarchn  rejects  this  genus;  and,  in  Forty's  opinion,  the  animalcules  it 
mc  udes  are  no  other  than  more  contracted  and  younger  specimens  of  Tra- 
chelocercahngmfera  or  of  La^rymaria.    Amongst  them  are  specimens  with 

nil      tI  ""l  "^'^  ^^tJi  incompletely  devcWd 

necks.    Their  movements  are  rapid.    (See  notes  on  Laceymaria,  p.  609.) 

.  Phialina  vermicidaris  {Triclioda  ver-  ,  attenuated ;  neck  very  short.  1-280" 
mxculari.s,  M). -Ovate,  attenuated  an-  There  is  nothing  dlstTctive  in  the 
m^^LLmnt  T2fof  ^  TEi.^-^-'f  thisfiecies  •  tt 


P.  viridvi  (xxiv.  299).— Bottled-shaped, 
anteriorpartacute,  the  posterior  gi'adually 


slight  difference  in  form  may  arise  from 
the  varying  amount  of  contraction.  The 
green  colour  is  valueless. 
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Gemis  GLAUCOMA  (XXIV.  300-302 ;  XXVIII.  4-7).— Body  oval,  com- 
pressed, covered  M'ith  ciliii ;  mouth  provided  with  a  tremulous  flap,  but  no 
teeth.  'Ehreubcrg  described  the  reception  and  discharge  of  food,  and  the 
presence  of  digestive  vacuoles,  and  therefore  saw,  in  these,  indications  of  the 
existence  of  an  alimentary  canal.  The  large  mouth,  with  its  vibratory  valves, 
is  situated  on  the  inferior  side,  in  advance  of  the  middle.  The  anus  is  situated 
on  the  ventral  sui-face,  near  the  posterior  extremity,  or  at  the  extremity 
itself.  The  internal  organs  are  a  large  ovate  gland,  a  star-like  contractile 
sac,  and  granules.    Self-division  transverse  or  longitudinal.  _ 

Glaucoma  is  comprised  by  Dujardin  among  his  Paramecina.  Perty  con- 
structs a  family  out  of  this  genus,  along  mth  Oinetochilum  (vide  CYOLiDiirM, 
p.  572),  which  he  designates  Cinetochilina,  and  characterizes  as  animalcules 
having  a  mouth  on  the  upper  side,  surmounted  by  a  vibrating  valve  (hke  a 
tremulous  eyelid).  CiHa  disposed  in  longitudinal  rows.  It  wiU  be  noticed 
that  the  mouth  is  described  to  be  on  the  upper  side  instead  of  the  under,  as 
stated  by  Ehrenberg,  vsdth  whom  we  agree. 

The  anus  is  on  the  ventral  surface,  near  the  posterior  extremity.  Lachmann 
describes  two  flaps  to  the  mouth,  but  Perty  says  the  second  is  simply  an 
expansion  of  the  margin  of  the  mouth. 


Glaucoma  scintillans  (  CyclidiumBulla, 
M.)  (xxvni.  4-7). — Elliptical  or  ovate, 
colourless,  slightlv  depressed;  vacuoles 
large.  The  vibrating  flap  appears  to  be 
semi-oval  or  reniform  and  smooth,  and 
to  have  a  stiff  margin.  The  cilia  are 
seen  by  employing  colour  or  by  ^sressmg 


or  drying  the  animalcules  (xxiv.  300- 
302).  In  natural  and  artificial  infusions. 
1-280". 

G.  viriclis  (Duj.).— Green,  oval,  short; 
mouth  large,  situated  nearer  the  ceuti-e 
than  to  the  anterior  margin.  1-860"  to 
1-520".    In  rain-water  butts. 


Genus  GHILODON  (XXIV.  303-309 ;  XXIX.  48-59).-Body  ujegulai-ly 
oval,  flattened,  regularly  cHiated :  frontal  region  produced  m  the  form  of  a 
Wd  membranous  lip,  on  one  side,  resembhng  a  beak ;  he  mouth,  siUiated 
a  its  base,  and  therefore  lateral,  is  furnished  with  a  tubular  fascicle  of  teeth. 
A  round  nucleus,  one  or  more  contractile  vesicles,  and  transverse  and  longi- 
tudinal self-division  have  been  observed.  .    , ,  j 

This  genus  along  with  Nas^la,  Prorodon,  and  two  newly-mstituted  genera. 
Oychgrlmma  and  Eabroclon,  are  grouped  together  in  the  system  of  Perty 
as  a  family  styled  "  i)<3c«.ria,"  which  is  thus  charactenzed Mouth  beset 
with  a  drdet^of  fine  bristles.    In  the  first  three  genera  the  mouth  is  lateral ; 

ha^g  a  distinct  upper  and  under  surface,  and  a  lip-like  process  above  the 
mouth. 


Ghilodon  Cucullulus  {Kolpoda  Cucullus, 
M.)  (XXIV.  303-307;  xxdc.  48-59).-- 
Body  depressed,  oblong  or  ovate,  rounded 
at  the  ends  ;  frontal  region  advancing  on 
the  right  side.  [Ehrenberg  states  he  has 
often  seen  the  straight  alimentary  canal, 
with  its  gi-ape-like  ceUs,  filled  with 
lai'se  Naviculcc]  Contractile  vesicles 
from  two  to  three;  nucleus  large,  oval 
near  the  centre.  The  circlet  of  teeth 
was  stated  by  Ehrenberg  to  consist  of 
little  hard  wand-like  bodies,  winch  the 
creature  could  separate  so  as  p  admit 
into  its  mouth  large  hvmg  bodies,  and 


afterwards  conti-act  or  close  upon  them 
(xxiv.  308,  309).  The  anus  is  at  one 
side  of  the  posterior  extremity.  In 
sx^dmming,  or  creeping  upon  the  surface 
of  ConferviB,  the  mouth  is  tm-ued  under 
or  below.  Its  motion  is  gliding ;  and  it 
does  not  revolve  in  s^vimmnlg.  W  hen 
the  water  is  coloured,  the  cilia  may  be 
easilv  perceived,  and  tl^^ir  disposition 
when  it  is  dried  up.  (Figs.  30o  and  30b 
exhibit  longitudinal,  and  307  transverse 
self-division.)  In  fresh  and  .«alt  water. 
1-1150"  to  1-140".  . 
This  species  has  received  a  close  ni- 
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vostig-ation  by  Stoin.  The  circlet  of  teeth 
(bacillar  apparatus,  Lachniaun)  is  con- 
structed of  no  actually  separate  portions 
or  teeth,  as  Ehrenbero-  supposed,  but  is 
nothing  more  than  a  tTiickened  ojsopha- 
gus  witli  denser  rugas,  or  folds,  of  a  chi- 
tinous  composition.  From  its  lower  end 
;i  digestive  tube  extends  to  nearly  the 
centre  of  the  body. 

C.  uncinatm.  —  Depressed,  oblong, 
rounded  at  the  ends.  The  right  side  of 
the  anterior  part  is  produced,  so  as  to 
appeal-  like  a  hook  or  beak.  In  vegetable 
iuftisions.  1-4.30". 

This  being  is,  in  Stein's  opinion,  a 
mere  vai-iety  of  C.  Cueullulus :  the  bulging 
out  of  the  side  has  a  somewhat  hook-like 
process ;  but  this  is  a  mere  accidental  re- 
sidt  foUowiug  the  process  of  longitudinal 
self-division  ( J«/e«.  p.  130).  It  has  been 
seen  to  encyst  itself. 

C.  aureus.  —  Ovate-conical,  turgid,  of 
a  golden  yellow  coloiu' ;  dilated  and  ob- 
tusely rosti-ated  anteriorly,  attenuated 
posteriorly.  1-140". 

C.  ornatus. — Ovate  subcylindrical,  of 
a  golden  yellow  colour,  equally  rounded 
at  both  ends,  slightly  beaked;  it  has  a 
bright  violet  spot.  1-180". 

The  -vdolet  spot  spoken  of  has  no  di- 
stinctive pecidiarity ;  it  is  not  a  normal 
coloured  gastric  fluid,  but  only  a  collec- 
tion of  gTaniiles,  the  same  as  in  Nassula 
elegans. 

This  species,  together  with  the  fore- 
going C.  aureus  and  the  Nassula  aurea, 
are  so  very  similar,  that  Stein  doubts 
their  independent  natm'e,  and  is  more  dis- 
posed to  regard  them  as  developmental 
phases  of  the  same  being. 

C.  depressus  (Perty). — Irregular,  with- 
out a  beak,  and  roimded  at  both  ends  ; 
compressed;  almost  colomless.  Trans- 
parent, mth  gi-eyish  contents.  Upper  and 
under  surfaces  equally  flat.  Tooth-cylin- 
der very  evident.  Switzerland.  1-120". 


Stein  states  that  the  body  is  liilateral, 
presenting  a  distinct  right  and  left  side, 
an  upper  (dorsal)  convex  and  a  lower 
(ventral)  flat  surface.    The  anterior  end 
is  much  flattened  and  transparent;  and 
being  ciu'\-ed  towards  the  left  side,  gives 
the  whole  being  a  somewhat  reniform 
flgm-e.    The  depression  on  this  side  is 
always  in  advance  of  the  middle  of  the 
body,  just  as  m  Paramecium  Colpoda  and 
Colpoda  Cueullulus.  The  anterior,  curved 
transparent  end  sunnounts  the  body  like 
a  cxescentic  process,  is  fiuTiished  with 
longer  cilia  than  elsewhere,  and  may  not 
inaptly  be  called  the  lip.    Vibratile  cilia 
cover  the  body  in  regular  rows,  but  in 
very  yoimg  specimens  are  invisible  ex- 
cept on  the  lip.    The  oval  nucleus  is 
hollowed  by  a  cavity,  within  which  is  a 
nucleolus.    Longitudinal  and  transverse 
fission  takes  place  in  individuals  of  aU 
sizes.    The  former  advances  from  the 
posterior    extremity ;   the  CESophageal 
(dental)  cylinder  is  not  divided,  but  is 
produced  de  novo  in  the  newly  produced 
segment:  this  segment,  when  first  de- 
tached, is  the  Cliilodon  uncinatiis  (Ehr.). 
Cliilodon  Cuculhdus  encysts  itself :  a  soft 
gelatinous  matter  is  first  thrown  out 
around  it,  which  hardens  into  the  cyst- 
waU ;  diu'ing  this  process  the  superficial 
ciHa  and  the  oesophageal  cylinder  disap- 
pear, and  at  length  an  oval  cyst,  with  a 
large  nucleus,  and  two  to  three  conti-ac tile 
spaces  alone  appear.    Gradually  a  cili- 
ated  embryo  is  developed  from  the 
nucleus,  resembling  in  external  charac- 
ters a  Cyclidium  Glaucoma.  The  embryo 
escapes  from  the  parent  animal;  and 
cj'sts  are  sometimes  foiuid  containing 
the  parent  and  its  offspring  side  by  side 
within  it.   The  development  of  embryos 
may  go  on  until  the  nucleus  is  expended. 
The  size  of  the  germ  is  determined  by 
that  of  its  parent, 


GeniLs  NASSULA  (XXIV.  310,  311 ;  XXVIII.  2,  3,  11-15).  —  Covered 
with  cilia ;  ovoid  or  oblong ;  turgid  and  prominent  in  front,  but  without  the 
expansion  or  beak  on  one  side  ;  moutli  lateral,  provided  with  a  circlet  of  teeth, 
m  the  form  of  a  wheel  {nassa).  Numerous  vacuoles  are  seen,  and  in  two' 
.species,  as  Ehrenberg  states,  the  discharging  orifice.  The  violet-colom-ed 
granular  spots  noticed  m  Cliilodon  ornatus  occur  also  in  the  species  oi  Nassul<t, 
and  are  hkewise  met  with  in  Bur-saria  vernalis,  Trachelim  Mdeaqris,  Amphi- 
leptus  marcjarihfer,  A.  Melearjrk,  and  A.  longicoUis.  "  They  resemble,"  says 
Ehrenberg  "  the  vesicular  glands  around  the  stomachs  of  the  Rotatoria,  and 
are  probably  of  a  glandular  nature,  analogous  to  biliary  glands,  and  concerned 
m  the  process  of  digestion."  The  nucleus  is  large,  oval  or  si^herical ;  and  there 
arc  one  or  more  contractile  vesicles.    Only  transverse  self-division  has  been 
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observed.  They  are  found  in  stagnant  water,  especially  where  Confervas  and 
OsciUatorise  are  present. 

The  violet-colom-ed  supposed  digestive  glands  or  cells  are,  ra  the  opinion 
of  others,  simply  vesicles  coloured  by  the  Oscillatoria  on  which  the  animal- 
cules feed  (p.  312). 

This  genus  and  the  preceding,  Cliilodon,  are  very  closely  allied.  Stein 
finds  the  best  distinctions  between  the  two  in  the  rounded  body  with  the  ex- 
tremities obtuse  and  rounded  off,  iu  the  case  of  Nassula,  and  in  the  flattened, 
compressed  body,  with  decided  ventral  and  dorsal  surfaces  and  with  a  lip-like 
process,  in  Chilodon. 


Nassula  elegans  (xxiv.  310,  311; 
xxvm.  11-15).  —  Cylindi-ical  or  oval, 
slightly  attenuated  in  front,  exti'emities 
very  obtuse.  It  is  white  or  greenish, 
spotted  with  violet  vesicles.  Vacuoles, 
containing  Chlamidomonads  or  other 
food,  may  often  be  observed ;  and  from 
fifteen  to  twenty  rows  of  cilia  may  be 
seen  on  one  aspect.  The  animalcide 
swims  backward  and  forward,  tm'ning 
upon  its  longitudinal  axis.  The  mouth 
is  easily  perceived  by  the  currents  when 
indigo  is  mixed  with  the  water :  it  has 
a  circlet  coutaming  twenty-six  little 
wands  or  teeth,  which  can  voluntarily 
diverge  or  converge  anteriorly.  Four 
round  conti-actile  vesicles,  placed  in  a 
row,  occm-  on  the  dorsal  sm-face,  aud 
doubtless  represent  fom-  expansions  of  a 
continuous  conti-actile  vessel  along  that 
region.  The  violet  vesicles  mentioned 
are  only  accidental  (i.  e.  not  necessary) 
collections  of  pigment  matter,  derived 
from  the  food  (see  p.  312).  When  self- 
division  ensues,  the  large  centi-al  nucleus 
divides  (xxrv.  310,  311 ;  the  latter  is  a 
young  one).  With  Lemuse  and  Con- 
fervEe.  1-140"  to  1-120".  Nassula  ele- 
gans is  thus  characterized  by  Cohn: — 
Elongate  with  rounded  exti'emities; 
oesophagus  fimnel-shaped ;  no  cylinder 
of  teeth  present  as  in  N.  ornata.  Con- 
tractile vesicles  two;  nucleus  elliptic, 
with  nucleolus  lodged  in  a  fossa  at  one 
end.  A  large  mass  of  violet  granules  on 
under  sm-face  posteriorly.  It  resembles 
but  is  smaller  than  Paramecium  Aurelki, 
and  has  a  similar  cuticle.  With  Bwsaria 
truncatella  and  Ophryoglena  atra.  It  is 
smaller  than  N.  ornata.  Its  changes  of 
form  are  remarkable ;  often  dependent 
on  swallowed  joints  of  Oscillator  ice.  Cilia 
very  closely  disposed. 

N.  ornata  {N.  viriclis?,  D.)  (xxvm. 
65-71).— Ovate  or  globular-,  depressed. 


of  a  brownish-green  colour,  variegated 
with  niunerous  violet  vesicles.  The 
posterior  part  of  the  body  has  a  small 
excavation.  Ehrenberg  says,  there  are 
from  six  to  eight  groups  of  vesicles, 
forming  a  wide  circle  round  the  mouth, 
filled  with  a  violet-colom-ed  juice,  which 
is  dischai-ged  with  the  excreta,  and  ap- 
pears like  drops  of  oil,  but  soon  mixes 
with  and  colom-s  the  water.  It  swims 
rapidly,  rotating  also  on  itself,  but  this 
only  slowly.  Among  swimming  clusters 
of  Oscillatoria.  1-96"  ;  ova  1-4800".  It 
has  been  seen  in  an  encysted  state. 

N.  aurea. — Ovate-oblong,  nearly  cj-lin- 
di-ical,  vei-y  obtuse  at  the  exti-emities. 
Its  colom-  varies  fi-om  golden  yellow  to 
a  dark  brown.  1-120". 

Stein  hints  it  as  probable  that  this 
species  and  N.  viridis  (Duj.),  Chilodon 
aureus,  and  Cli.  ornatus  are  merely  dif- 
ferent stages  of  the  same  animal. 

N.  ambigiia  (Stein)  (xx-vm.  2,  3).— 
Rounded,  short  oval ;  exti-emities  equally 
rounded.  Entu-e  smface  covered  by  cUia 
in  longitudinal  rows.  The  wedge-shaped 
oral  opening  sm-moimts  a  very  wide  pha- 
rynx (tooth-cylinder,  Ehr.)  which  may 
be  easily  isolated.  The  conti-actile  vesicle 
acquires  a  stellate  figure  dm-ing  its  con- 
tractions and  dilatations,  like  that  of 
Cliilodon  ornatus.  The  contents  ai-e  ori- 
ginally colourless,  but  become  tinted 
green,  blue,  and  red  suecessivety,  during 
the  process  of  digestion  of  the  Oscillatoria 
it  feeds  upon.  It  occm-s  encysted,  in 
a  ti-anspai-ent,  resistant,  globular  cyst. 
Length  1-240"  ;  width  1-420". 

N.  concinna  (Perty).— Ovate,  hyaline, 
transparent;  covere'd  everywhere  ■^^•lth 
fine  granules  having  an  amudar  nrrauge- 
ment.  Dental  apparatiis  particularly  de- 
licate, more  evident  when  dried.  Cihft 
very  fine  ;  movements  sluggish ;  aniU 
opening  at  posterior  extremity.  1-216". 


Genus  LIOSIPHON  (Ehr.).— Turgid ;  ciliated  throughout;  frontal 
tremity  advanced  beyond  the  mouth,  and  not  aiu-iculate.  Mouth  opens 
a  tubular  membranous  pharynx,  provided  wdth  a  cylinder  of  teeth. 
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This  is  a  new  genus  instituted  by  Ehrenberg.  Its  essential  distinction  from 
Nassula  is  not  pointed  out,  the  only  one  indicated  being  tlie  prolongation  of 
the  frontal  region  beyond  the  oral  aperture. 

Liosi?HON«/;r<;»yjA«.— Obtuse, ovate;  I  phavynx  of  a  ckvate  outline.  1-36"'. 
of  a  vai-iegated  green  colour ;  tube  of  1  vVitli  Oscillatonce. 

The  genera  named  by  Dujardin,  having  a  near  affinity  with  Bursaria,  are 
Plagiotoma,  Kondylostoma,  O^alina,  and  Panoplirijs.  _  Two  others,  Adneria 
and  Pelecida  (Duj.),  are  described  as  allies  of  Trachelius. 

Genus  OPALINA.— Already  described  in  the  Astomatous  family  Opalinaea 
(vide  p.  569). 

Genus  PLAGIOTOMA  (Duj.).— Body  very  flat  or  lameUar,  very  flexible, 
irregularly  oval ;  sinuous  or  emarginate  on  one  side,  and  sometimes  angiilar 
behind ;  covered  with  ciHa  in  regular  rows ;  mouth  lateral,  near  the  middle, 
at  the  bottom  of  the  depression,  with  a  row  of  strong  and  very  numerous  cilia 
in  advance  of  it  on  its  anterior  margin,  having  a  comb-lite  aspect. 

of  a  yellowish  gi-ey  colom-  from  contained 
molecules.  Owing  to  its  want  of  trans- 
parency, the  fine  short  cilia  are  visible 
only  around  the  periphery.  Motion  ex- 
tremely languid,  oscillating  and  revolv- 
ing. i-260".  In  the  interior  of  A710- 
donta  Cellensis. 


Plagiotoma  Lumhrici  =  Paramecium 
compressum  (Ehr.). — Stein  shows  this  to 
be  a  ti-ue  Bursaria  (see  p.  622). 

P.  concharum  (Perty)  =  Leucoplirys 
Anondo7it<e  (Ehr.). — This  and  the  fore- 
going are,  in  Stein's  opinion,  Opalina 
(see  p.  570). 

P.  (?)  difforinis. — ^Irregular,  thick,  and 


Genus  KOI^DYLOSTOMA  (Duj.). — Body  more  or  less  elongated,  cylin- 
drical or  fusiform,  rather  crescentic,  with  obtuse  and  flattened  ends  ;  mouth 
very  large,  bordered  by  very  strong  cilia,  and  placed  on  one  side  near  the 
anterior  extremity ;  suiface  obliquely  striated  and  ciliated.  It  swallows  its 
food,  consisting  of  other  animalcules  or  of  vegetable  debris,  rather  after  the 
manner  of  Planarim  than  of  Paramecina ;  for  it  does  not  draw  it  in  by  the 
action  of  its  ciHa  in  producing  a  vortex.  It  lives  only  in  smooth  and  pure 
sea- water  among  Algae,  &c. 

Kondylostoma  patens. — Body  white, 


or  coloured  by  the  food  received ;  at  times 
vermiform,  at  others  fusiform,  and  often 


modified  in  figure  by  the  bulk  of  food 
swallowed. 


Genus  PAfTOPHRTS  (Duj.)  (XXVI.  3.3).— CHiated  throughout;  oval, 
depressed,  contractile  ;  becoming  ovoid,  or  even  globular,  during  contraction  ; 
surface  marked  by  straight  or  oblique  cihated  striae,  crossing  one  another ; 
mouth  lateral.  Dujardin  writes — "  Being  desirous  of  characterizing  Bur- 
saria by  the  row  of  large  ciHa,  en  moustache,  which  lead  to  the  mouth,  I  have 
thought  it  right  to  establish  a  new  genus  for  certain  Biirsarice  of  Ehrenberg, 
which  ai'e  devoid  of  this  character,  and  whose  mouth  is  surrounded  by  only 
ordinary  cilia."  Unlike  the  Paramecia,  they  have  no  anterior  oblique  fold 
or  fossa,  and  are  able  to  contract  themselves  into  a  ball.  They  difl'er  from 
Holophrya  by  their  lateral  mouth.  They  live  eitlier  in  fresh  smooth  water, 
or  in  sea-water  among  plants. 

In  Perty's  system  it  constitutes  a  member  of  the  family  Paramecina ;  and 
this  is  its  true  position,  if  the  cilia  are  thi-oughout  of  equal  length.  Indeed 
the  characters  assumed  to  be  distinctive  of  it  fi-om  Paramecium  appear  to  us 
inconclusive.  A  lateral  fold  or  vestibulum  leading  to  the  mouth  is  not  entirely 
wanting,  although  less  developed  than  in  most  Paramecia  ;  and  as  to  their 
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gTcater  contractile  power,  this  really 
l^roper  generic  character. 

Panopheys  Clirysalis  (xxvi.  33). — 
Ovoid,  oblong,  depressed,  mouth  accom- 
panied  by  an  eularg-enieut,  and  placed 
near  the  front  extremity.  1-145"  In 
sea-water. 

P.  rahra  (?). — Reniform,  covered  with 
fine  cilia,  and  provided  with  a  lateral 
mouth  near  the  fi'ont  extremity.  1-370" 
to  1-325".  In  sea-water.  Only  pro- 
visionally named. 

V.  farcfa. — Ovoid,  oblong,  filled  with 
particles  of  a  gi'een  reddish-yellow  hue, 
or  of  various  mingled  colours;  mouth 
lateral,  placed  between  the  centre  and  the 
anterior  third  of  the  body.  Its  outline 
is  very  changeable,  its  movements  rapid. 
The  colour  is  seldom  green.  1-145"  to 
1-95".  In  marsh-water  among  plants. 
I  think  it  is  the  animalcule  described 
under  three  names  by  Ehrenberg,  viz. 
Bursaria  vemalis,  JB.  leucas,  midH.Jlam, 
and  is  probably  the  same  as  Leucojihra 
virescens  of  Miiller. 

Although  Perty  acquiesces  in  the  be- 
lief that  the  yellow-coloured  specimens 
of  this  species  are  the  Bursaria  Jlaca 
(Ehr.),  yet  he  thinks  Dujardin  wrong 
in  claiming  B.  leucas  and  B.  vemalis  as 
varieties. 

P.  conspicua  (Perty). — Large;  cylin- 
drical, scarcely  smaller  behind  than  in 
front ;  mouth  roimd.  Coloured  by  food 
dark  gi'een.  Swims,  revohdng  at  the 
same  time  with  moderate  speed.  1-95". 
In  peaty  ponds  with  Lemnse. 

P.  sordida  (Party).- — Cylindrical,  more 
or  less  elongated ;  colom'  dark,  earthy- 
brown.  Mouth  small.  Cilia  covering  the 
body,  fine.  The  position  of  the  internal 
molecules  varies  even  during  examina- 
tion, and  the  figure  with  them.  1-180" 
to  1-96".    Among  Charse. 

P.  griseola  (Perty)  (xxvin.  31).  — 
Broad,  distended ;  gTey,  but  ti'ansparent, 
yviih.  a  fine  reticulate  appearance  ;  mar- 
ginal concentric  sti'iffi.  Sometimes  occu- 
pied with  chlorophyll-granules,  when 


is  questionable,  and,  if  true,  is  not  a 

it  much  resembles  Opimjoglena  f/riseo- 
virens.  The  mouth  appears  lilte  an 
elliptic  fold  in  a  shallow  fossa  in  the 
anterior  half.  It  swims  and  turns  on 
itself  Avith  much  activity.  Transverse 
fission  obsei-ved.  1-300"  to  1-108". 
Among  decajnng  plants. 

P.  zonalis  (Perty). — Elongated,  ovate- 
cylindrical  ;  h/aline,  with  a  centi-al  zone 
of  dark  molecules.  Extremities  equally 
wide,  and  rounded.  Fissm-e  of  the  mouth 
beset  with  sti'onger  cilia.  Movements 
rather  sluggish.  Body  ciliated  through- 
out. 1-168". 

This  scarcely  seems  a  trae  PanopJtri/s ; 
for  the  oral  cilia  are  said  to  be  larger 
than  those  on  the  body,  contrarv  to 
Dujardin's  characters  of  the  geniLs. 
Moreover  its  chief  peculiarity,  viz.  the 
zone  of  darker  granules,  is  an  insufiicient 
specific  feature ;  and  when  we  are  told 
by  Perty  that  he  has  only  once  seen  a 
small  specimen,  this  supposed  species  has 
few  claims  to  notice. 

P.  paramecioides  (Perty).  —  Cylindri- 
cal, slightly  curved,  its  posterior  end 
somewhat  thicker  than  the  anterior; 
colourless ;  rows  of  cilia  very  munerous 
and  fine.  Its  molecular  sti'uctm-e  re- 
sembles that  of  Paramecium  Aurelia. 
Movements  energetic,  twisting.  The 
mouth  is  placed  in  a  shallow  fossa  on 
one  side  of  the  body.  1-168".  An  im- 
common  form  in  Switzerland. 

There  is  scarcely  anythuig  in  the  above 
description  which  is  not  compatible  with 
the  belief  that  the  animalcule  m  ques- 
tion is  either  a  Bursaria  or  a  Paramecium. 
Moreover,  reference  to  Perty's  figm'es 
lends  no  aid  to  the  determination  of  the 
question ;  and  we  must  confess  our  in- 
ability to  find,  in  his  Ulusti-ations  of  the 
gemis  Pa)iophrt/s,  any  sufficiently  detailed 
particulars  to  enable  us  to  distinguish 
either  of  the  species  named  as  members 
of  it  from  probable  representatives  of 
allied  genera. 


Genus  BLEPHARISMA  (Perty)  (XXVIII.  33,  34).— Body  compressed, 
lancet-shaped,  with  a  pointed  posterior  extremity,  whence  a  deep  fossa  ex- 
tends as  far  as  the  middle,  fringed  with  longer  and  straighter  cilia  than  cover 
the  rest  of  the  body.  The  internal  molecules  are  disposed  in  longitudinal 
rows,  over  ■which  the  very  fine  and  inconspicuous  cilia  ai'c  arranged. 

Blepiiaeisma  hyalimim  (xxvm.  33,  older  specimens  arc  broader.  Jlovements 

34).  Coloiu-less,  except  when  occupied  vnried  and  tolerably  rapid.  Sometimes 

by.swallowed  chlorophyll-particles.  Body  a  few  large  and  uon-vibratile  filaments 

thin,  flexible,  and  cliangcable  in  form ;  appear  to  issue  from  the  oral  fossa. 
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mon. 


specimeus  palor.  Fission  ti-ansverse. 
1-210"  to  l-]44".    At  Bern,  with  the 


B.  ;?<'rA'/V'/w»w(  =  Trichoda  striata  (?)    preceding-;  rare. 
(MiilL). — Colour  reddish-y.ellow ;  young-  I 

Genus  ACINERIA  (Duj.)  (XXVI.  21  a,  i';).— Body  oblong,  depressed,  or 
lanceolate,  -ndtli  a  row  of  ciHa  extending  forwards  on  one  side,  -which  is  curved 
like  a  sabre.  Distinguished  from  Trachelius  by  the  disposition  of  the  row  of 
cilia  and  the  cui'vatm-e  forwards.  As  in  Trachelius,  the  examples  of  this 
genus  seem  destitute  of  a  mouth,  and  in  this  respect  they  especially  differ 
from  those  of  Felecida. 


AciNEEiA  incurvata  (xx■^^.  21  a,  h). — 
Contractile,  oblong,  compressed,  almost 
lamellar,  roimd  or  obtuse  behind,  con- 
tracted and  cm-ved  in  front;  a  row  of 
cilia  rims  along  the  convex  edge;  and 
there  are  five  or  six  granular  sti-ipes, 
and  one  or  more  variable  vacuoles. 
1-590".    In  the  Mediterranean.    It  ap- 


pears to  be  -ndthout  a  reticulated  and 
contractile  integument. 

A.  acuta. — Diaphanous,  -with  granules 
dispersed  in  its  interior;  oblong,  com- 
pressed, pointed  at  its  two  ends ;  or 
lanceolate,  with  one  side  more  convex 
in  front  and  fi-rnged  -with  cilia.  1-580". 
In  pond-water. 


Genus  PELECIDA  (Duj.). — Body  flexible,  contractile,  oblong,  compressed, 
roimded  behind,  ciuwed  in  the  form  of  an  axe  in  front,  ciliated  throughout, 
and  furnished  -with  a  mouth  either  -dsible  or  indicated  by  the  various  objects 
met  with  in  the  interior  of  the  animals. 

The  animalcule  assumed  as  the  type  of  this  genus  is  the  Loxodes  Rostrum 
of  Ehrenberg.  It  is  stated  to  dilfer  from  the  Paramecina  by  the  absence  of 
a  contractile  integument.    Perty  introduces  it  into  his  system. 


Pelecida  Rostrum  (Duj.)  =  Loxodes 
Rostrum  (Ehr.). 

P.  costata  (Pei-ty). — Small;  -with  two 


to  four  longitudinal  folds.  Colomless. 
1-320"  to  1-210".  Bern.   In  ponds,  &c. 


Genus  LEMBADIOJ^  (Perty)  (XXVIII.  50,  51).— Body  oval,  rather  ven- 
tricose;  with  one  more  or  less  deep  and  -wide  furrow  running  nearly  the 
entire  length  of  the  ventral  siu'face.  About  twenty  rows  of  cilia  on  the  dorsal 
aspect;  on  the  mai'gin  of  the  furrows,  and  at  the  posterior  extremity,  are 
longer  cilia. 

Internally  from  two  to  eight  translucent  large  round  vesicles  are  -visible. 
In  Perty's  classification  this  genus  is  a  member  of  the  family  Biu-sariua 
(see  p.  621). 


Lembadion  'hullinum=Bursaria  hid- 
lina  (MiiU.)  (xx-\t:u.  50,  51). — Hyaline, 
filled  -with  very  delicate  molecide's ;  the 
spherical  and  often  very  large  internal 
vesicles  difler  much,  both  in  number  and 
position.  A  proboscis-like  process  occurs 
at  the  anterior  extremity.  Movement 
tolerably  quick,  often  gyrating.  Trans- 
verse fission  has  been  observed.  1-240" 
to  1-190".  In  spring-water.  Bern,  Lu- 
gano, &c.  Ehrenberg  has  erroneously 
cited  the  Bursaria  bullina  (Schranlc), 


which  is  identical  with  the  present 
species,  as  the  same  organism  as  his 
Glaucoma  scintillans. 

_L.  (?)  duriusculum. — Colourless,  ellip- 
soidal, with  a  keel  or  ridge  along  its 
upper  surface ;  the  under  surface  some- 
what concave.  It  appears  tolerably  stiff 
and  firm  in  consistence;  the  cilia  are 
very  fine,  and  its  movements  sluggish. 
1-720"  to  1-620".  The  position  of  this 
animalcule  in  this  genus  is  doubtful. 


Genus  HARMODIEUS  (Perty).— Body  globular,  having  a  moveable  elon- 
gated hp  or  proboscis  anteriorly. 

It  is  a  member  of  the  Trachelina  (Perty),  and  is  represented  a-s  being  in 
part  equivalent  to  Ampldhptus  (Duj.)  and  to  Trachelius  (Elu-.). 
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IIarmodirus  Ovum.  —  The  proboscis 
is  not  so  mucli  a  process  of  tlie  substance 
of  the  body,  as  like  a  jointed  finger  or 
segment ;  it  has  a  jerking  movement  in 
one  direction,  yet  it  appears  frequently 
stretched  as  a  stiff  process  from  one  side. 
Cilia  extremely  tine;  thii-ty  rows  have 
been  counted  on  one  side ;  they  are  most 
evident  near  the  proboscis.  Diastrophy 


may  be  frequently  witnessed.  1-180"  to 
1-36".  In  fresh  and  bog  water,  witli 
Lemnse.  This  species  is  doubtless  the 
same  as  Trachelius  Ooum  (Ehr.)  and  Am- 
phileptus  Ovum  (Duj.)  ;  and  we  do  not 
conceive  the  necessity  of  elevating  it  to 
the  rank  of  a  genus  on  account  of  the 
slight  differential  character  of  the  pro- 
boscis, as  Perty  has  done. 


Genus  CIN'ETOCHILUM  (Party)  (XXVIII.  35).— SmaU,  short,  eUiptical, 
somewhat  compressed ;  vibratile  flap  on  the  posterior  half. 

Clnetochilum:  margaritaceum=  Cyclidium  margaritaceum  (Ehr.)  (see  p.  573). 


Genus  CYCLOGRAMMA  (Perty)  (XXVIII.  36,37).— Body  smaU,  having 
the  form  of  Paramecium ;  with  concentric  stria3  on  the  margin,  and  a  lateral 
depression  near  the  fore  part,  where  a  mouth,  with  an  obscure  but  peculiar 
apparatus  of  fi-om  foui'  to  seven  bristles,  is  appai'ent.  It  is  a  member  of  a 
family  called  Decteria  (see  p.  624). 


Cyclogramma  riibem. — Coloiu*  yel-  | 
low,  seldom  green,  or  reddish-white. 
Mostly  rather  compressed ;  rarely  sub- 
cylindrical.    Cilia  very  fine,  with  the 
exception  of  those  on  the  margin,  which 


I  are  arranged  in  circular  rows.  Move- 
ment commonly  sluggish.  The  dental 
apparatus  is  e\"ideut  in  some  examples, 
but  undiscoverable  in  others.  1-480"  to 
1-300".    Ponds,  Bern. 


FAMILY  VIII.— OPHEYOCEECINA. 

Polygastria  -VNathout  lorica ;  alimentary  canal  with  two  distinct  orifices,  of 
which  only  the  anal  one  is  termraal.  Although  their  motion  is  rapid,  cilia 
are  perceived  near  the  mouth  only,  though  they  probably  cover  the  body ; 
the  long  neck  assists  ia  swimming,  and  indeed  is  sufficient  alone.  Granules 
(ova?)  are  seen  in  all  the  species,  and  a  contractile  vesicle  in  T.  biceps. 
Self- division  probable,  but  not  observed. 

No  such  family  as  Ophiyocercina  enters  into  the  system  of  Dujardin,  the 
animalcules  composing  it  being  aU  referred  to  the  genus  Lacrymaria  (see 
p.  609)  ;  and  consequently  that  of  Trachelocerca  is  merged  in  the  same. 

On  the  other  hand,  Perty  retains  this  family  name,  but,  unlike  Ehrenberg, 
comprehends  in  it  both  Trachelocerca  and  Lacrymaria :  moreover  he  assigns 
to  Trachelocerca  a  wider  generic  signification,  so  that  it  includes  also  Phialina 
(Ehr.).  Again,  this  family  is  tlie  representative  of  one  of  his  three  chief 
sections  of  CUiata,  viz.  MetaboUca,-  thus  defined : — "  Animalcules  very  con- 
tractile, undergoing  protean  changes  of  figiu-e  by  the  expansions  and  con- 
tractions of  the  body.  Cilia  scarcely  visible  upon  the  body,  but  clearly  seen 
on  its  neck-Hke  process."  Lachmann  describes  the  oesophagus  in  this  family 
to  be  collapsed,  or  invisible,  except  duiing  the  passage  of  food. 

Genus  TEACHELOCEECA.— Characters  as  above. 


Trachelocerca  Olor  (  Vibrio  Proteus, 
Ci/gnus  et  Olor,  M. ;  Lacripnaria  Olor, 
D.j  (xxiv.  317,  318,  319).— Spindle- 
shaped;  neck  very  long  and  flexible, 
terminated  by  a  dilated  and  ciliated 
mouth.  The  surface  is  beautifidly  reti- 
culate in  this  and  the  following  species. 
This  creature  creeps  at  the  bottom  of 


the  vessel  containing  it,  and  twines 
itself  gracefully  about  Confervoe,  or  tlie 
roots  of  Lemnre,  but  swims  awkwardly- 
It  elongates  and  conti-acts  its  neck  at 
pleasure,  and  is  altogether  an  interesting 
object  for  the  microscope.  Greatest 
lei'igtli  1-30".  It  has  been  found  en- 
cysted. 
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T.  viridis  (Lacryniaria  viridis,  D.). — 
Spindle-sliaped,  neck  simple,  very  mo- 
bile, long,  and  dilated  at  the  mouth, 
whicli  has  a  ciliated  lip.  Amongst 
Lemnre.  Length  1-120";  coutracted 
1-380". 

Perty  changes  the  specific  name  to 
"  lingmftra,"  and  has  the  very  good 
reason  ibr  so  doing  that  the  green  colour 
is  no  distinction,  because  it  is  often 
changed  to  brown,  and,  besides  various 
intermediate  tints,  is  at  times  grejdsh  or 
colourless.  Unlike  T.  Olor,  the  neck  is 
surmounted  by  a  moveable  flap  or  pro- 


cess, styled  a  tongue,  fringed  with  di- 
stiuct  cilia.  Perty  speaks  of  specimens 
1-72"  in  length. 

T.  biceps.  —  Spindle-shaped,  white  ; 
neck  long,  forked,  each  segment  with  a 
mouth.  1-190". 

This  can  have  no  claim  as  a  species, 
since  it  is  evidently  nothing  more  than 
an  animalcule  in  the  act  of  longitudinal 
fission,  not  far  advanced. 

T.  Sagitta=  Vibrio  Sacjitta  (M.).— Fu- 
siform, white ;  neck  very  long ;  head  ter- 
minal, opaque.  1-120".  North  Sea  and 
Baltic. 


FAMILY  IX.— ASPIDISCINA. 
(XXV.  321-323.) 

Distinguished  fi.-om  the  preceding  family  by  the  presence  of  a  lorica.  The 
alimentary  canal  has  two  orifices,  of  which  the  discharging  one  only  is  terminal. 
The  lorica  is  firm,  very  transparent,  and  combustible,  somewhat  resembling 
the  shell  (carapace)  which  covers  the  back  of  a  tortoise ;  it  projects  anteriorly 
a  httle  beyond  the  body.  Long  flexible  bristle-like  organs  attached  to  the 
abdomen  enable  the  animalcules  to  cHmb,  while  the  delicate  cilia  near  the 
mouth  sei-ve  both  as  swimming  and  purveying  organs.  Numerous  vacuoles 
have  been  filled  with  coloured  food  by  Ehrenberg,  who  has  also  seen  the 
discharge  of  matter  posteriorly.  An  oval  nucleus  and  a  contractile  vesicle 
occiu-  in  both  species.  MiiUer  observed  self-division,  but  mistook  it  for 
copulation.    They  are  not  developed  in  large  masses. 

Genus  ASPIDISCA. — Characters  as  above. 


AspiDiscA  lynceiis  (Trichoda  lynceus, 
M.). — Lorica  nearly  cu'cular,  tiumcated 
at  the  posterior  end,  and  formed  into  a 
hook  or  beak  in  front.  Mouth  furnished 
with  very  delicate  cUia ;  five  or  six 
bristles  (styles)  axe  affixed  posteriorly, 
and  from  five  to  eight  hooks  anteiiorly, 
whereby  a  resemblance  to  Euplotes  and 
Stylonychia  is  established.  A  contractile 
vesicle,  near  the  mouth,  and  twenty 
vacuoles  have  been  seen.  When  bm*nt 
upon  platina  no  traces  remaiu.  Gene- 
rally swims  or  creeps  vnth.   its  back 


imdemeath.  Amongst  Lemnee  and  Con- 
fervfe.    1-1000"  to  1-576". 

Stein  asserts  that  it  is  an  error  to 
detach  this  species  fe-om  Euplotes,  with 
which  it  has  the  closest  affinity,  and  to 
elevate  it  to  the  rank  of  a  family  in 
immediate  contiguity  with  Colpodea, 
with  which  it  has  no  natm-al  relation. 

A.  dentindata. — Lorica  nearly  circular, 
imder  side  truncated  and  denticulated, 
flat ;  back  arched.  The  uncini  are  visible 
only  when  climbing.  1-76". 


FAMILY  X.— KOLPODEA  on  COLPODEA. 

(XXIV.  312-316 ;  XXV.  325-335 ;  XXVI.  23,  32,  33 ;  XXVIIL  24-26, 
31,  33,  34;  XXIX.  19,  20,  25-47.) 

Animalcules  ciliated  throughout ;  the  cilia  disposed  in  longitudinal  series, 
and  either  of  uniform  length  throughout,  or  of  larger  growth  at  particular 
parts,  especially  about  the  mouth.  Both  mouth  and  anus  demonstrable, 
always  lateral,  sometimes  situated  on  the  same  side,  at  others  on  opposite 
sides  of  the  body. 

Except  Amphilepius  and  Uroleptus,  the  other  genera  have  both  the  mouth 
and  anus  on  the  ventral  surface.  In  the  former  genus  Lachmann  lUcewise 
describes  the  oesophagus  to  bo  collapsed,  except  during  the  passage  of  food, 
when  it  presents  the  appearance  of  a  canal.    In  all  other  genera  of  Koljiodea 
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the  cesopliagiis  is  distinct,  of  considerable  length,  and  ciliated,  but  not  thick- 
ened at  any  portion  so  as  to  produce  the  appearance  of  a  dental  eyUnder  "  or 
bacUlar  apparatus."  Coloured  food  received  by  all  the  species.  Contractile 
vesicles  one  or  two  in  number,  and  in  Paramecmm  of  a  steUate  figure. 
Nucleus  usually  roiuided,  oval  or  reniform.  A  red  spot,  eye-speck  or  stigma^ 
is  common  in  Ophryoc/lena.  Propagation  takes  place  by  fission,  wliich  may 
be  either  transverse  or  longitudinal ;  by  the  production  of  siugie  living  em- 
bryos (at  least  this  occurs  in  Faramecium  and  Gol;poda) ;  and,  in  Perty  and 
Carter's  opinion,  by  numerous  germs  or  internal  ova.  The  encysting-proeess 
has  also  been  seen  ia  all  the  genera  except  Urolejitus.  The  integument  of 
Kolpodea  is  reticulated,  presenting  a  beautiful  diamond-pattern,  and  having 
a  cilium  seated  in  the  centre  of  each  lozenge. 

The  Kolpodea  are  highly-organized  Ciliata,  although  inferior  ia  this  respect 
to  the  Vorticelliua.  The  siugie  cii-cumstance  of  the  limitation  of  the  cUia  to 
the  head  m  the  latter  family  is  of  itself,  according  to  a  well-recognized  law 
of  animal  life,  an  intimation  of  a  higher  grade  of  organization. 

The  genera  are  disposed  as  follows : — 


Eye  absent. 


Short  proti-uding  tongiie.  j  ^^^^""^  posteriorly    Kolpoda. 

Cilia) 

[  presi 


No  tongue 


Eye  present 


esent  everywhere    Paramecium. 

f  With  tail  and  proboscis   Amphileptus. 

[  With  tail,  no  proboscis   Uroleptus. 

  Ophryoglena. 


This  family  corresponds  generally  with  that  of  the  Parameciens  or  Para- 
mecina  (Duj.),  thus  defined: — Eody  soft,  flexible,  variable  ia  form,  but 
mostly  oblong  and  more  or  less  flattened ;  provided  with  a  loose,  reticidated 
integument,  upon  which  numerous  vibratile  cUia  are  disposed  in  regular 
series.  Moiith  present.  The  genera  included  are  : — Lacrymaria,  Pleuronema, 
(jflaucoina,  Kolpoda,  Paramecium,  Amphileptus,  Loxophyllum,  Chilodon, 
Panophrys,  Nassula,  Holophrya,  and  Prorodon. 

Dujardin  observes  that  Lacrymaria  and  Pleuronema  should  probably  be 
placed  in  a  distinct  family,  since  the  mouth  is  rather  presumed  than  demon- 
strated in  them.  This  is,  however,  a  reason  which,  in  the  present  day,  would 
not  be  held  vaHd,  as  the  evidence  of  a  mouth  is  equally  strong  in  them  as  in 
others  of  the  genera  enumerated. 

Perty  also  has  constructed  a  family  Paramecina,  containing  the  genera 
Ophryoglena,  Panophrys,  Paramecium,  Blepharisma,  and  Colpoda,  and  briefly 
characterized  as  having  the  body  covered  with  longitiidinal  rows  of  cilia,  and 
a  lateral  mouth  often  within  a  fissiu'e.  Lastly,  Mr.  Carter  has  instituted  a 
new  genus,  named  Otostoma,  referable  to  this  family,  being  a  close  ally  to 
Para^necium. 

Genus  KOLPODA  or  COLPODxi. — Body  ovoid,  sometimes  reniform ;  a  httle 
tongue-like  member  (a  tuft  of  ciha)  inserted  in  the  oral  cavity ;  ciliated  in 
front  and  partly  beneath ;  eye-speck  wanting.  The  mouth,  posterior  termi- 
nation of  the  alimentary  canal,  and  numerous  gastric  cells  may  be  demon- 
strated by  coloui'ed  food ;  the  two  orifices  are  both  on  the  ventral  siuface. 
"Ova,"  adds  Elu'enberg,  "  occur  in  delicate  strings,  forming  a  sort  of  network ; 
and  their  extrusion  has  been  seen  in  one  species.  A  roimd  contractile  vesicle 
is  observable  in  two  species,  and  two  such  in  another.  A  large  round  or 
aval  gland  (nucleus)  is  found  in  the  centre  of  the  body."    Self-division  both 
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transverse  and  longitudinal 
being  few. 

Dujardin,  speaking  of  tliis  genus,  says 


Theii-  motion  is  not  active,  the  locomotive  cilia 


Among  Ehrenberg's  Kol/iodce, 


which  shoidd  possess  a  short  tongue,  and  be  ciliated  only  on  the  ventral 
smfacc,but  one  species,  A'.  Cucullus,  is  with  certainty  numbered ;  the  K.  Ben, 
and  K.  Ciwullio  have  been  referred  to  the  genus io.rocZes,  where,  indeed,  Ave  still 
leave  them.  However,  Ehrenberg  places  among  the  Paramecia,  under  the 
appellation  of  F.  Kolpoda,  some  large  animalcules,  ciliated  tkroughout,  which 
\\e  regard  as  only  more  developed  forms  of  Kolpoda  Cucidlus." 

Stein  expresses  himself  on  these  views  thus  (Infus.  p.  131)  : — "  Under  the 
name  of  Colpoda  C'i(C((?Zi/sDujardin has  described  iYie Paramecium  Col]poda,'Ehi'., 
appearing  either  to  be  tmacquainted  with  the  true  Oolpoda,  or  to  have  looked 
upon  it  as  an  undeveloped  state  of  Paramecium  Colpoda."  The  distinctive 
characters  between  these  two  animalcules  and  Chilodon  Cucullulus  are  thus  laid 
down : — All  these  three  forms  are  similar  ia  outhne,  Chilodon  Cuculhdus  and 
Colpoda  Cucidlus  being  really  in  most  respects  undistinguishable.  Paramecium 
Colpoda  is  devoid  of  the  peculiar  hp,  but  has,  on  the  other  hand,  an  expanded 
antei-ior  extremity  (broAv),  lying  over  and  above  the  obhque  infundibulum,  on 
one  side  of  the  body,  leading  to  the  mouth.  Chilodon  CucuUidus  displays,  by 
the  action  of  chemical  reagents,  about  the  middle  of  its  ventral  smface  its 
special  form  of  pharynx  or  oesophagus :  it  is,  besides,  cUiated  aU  over ;  but  this 
is  a  criterion  detenninable  with  difficulty,  particularly  in  yoimg  specimens. 
In  Colpoda  Cucidlus  the  mouth  is  quite  simple,  and  placed  in  the  lateral  de- 
pression ;  the  distribution  of  the  cilia  is  always  partial,  chiefly  hmited  to  the 
lip.  In  Paramecium  Colpoda  the  mouth  (oral  apertiu'e)  hes  at  the  bottom  of 
a  deep  longitudinal  fold  (fissure)  on  one  side  of  the  body,  is  boimded  by  two 
very  motile  hps,  and  conducts  into  a  short,  thin,  walled,  cihated  oesophagus  ; 
the  nucleus  is  oval,  lai'ge,  homogeneous,  and  finely  granular ;  and  the  body  is 
very  evidently  cihated  all  over. 


KoLPODA  Cucidlus  (M.)(xxv.  324-327; 
XXTX.  35-47).  —  Turgid,  slightly  com- 
pressed; kidney-shaped.  The  concavity 
in  which  the  oral  apertiue  is  situated  is 
occupied  by  a  process  called  by  Ehren- 
berg a  "tongue,"  but  which  Steia  has 
shown  to  be  a  bimdle  of  longer  cilia. 
The  cilia  are  not  disti-ibuted  over  the 
whole  siuface,  but  limited  to  the  convex 
sm-face  of  the  anterior  half,  augmenting 
in  size  as  they  approach  its  elongated  and 
expanded,  wide  lip-like  or  frontal  pro- 
cess above  the  oral  fossa,  and  to  a  ridge 
extending  downwards  and  baclnvards 
from  that  fossa.  The  granules  in  the 
interior  are  frequently  so  numerous  as 
to  render  it  opaque ;  they  also  give  it  a 
grey  colom-.  The  single  contractile  ve- 
sicle is  seated  close  to  the  posterior 
extremitj' ;  the  nucleus  is  a  circidar  disc 
containing  a  nucleolus,  and  nearly  cen- 
tral in  position.  This  animalcule  has 
not  been  seen  to  undergo  fission  whilst 
in  the  free  state  ;  the  process,  however, 
goes  on  after  it  has  encysted  itself,  with 
various  modifications  in  the  results  (see 
Part  I.  15.  350).  Ehrenberg  liaving 
adopted  the  notion  that  the  breaking  up 


of  a  portion  of  the  animalcule  was  an 
act  of  oviposition,  thought  to  fm-ther 
establish  it  by  remarking  the  presence 
of  numerous  Monadifonn  beings  about 
it,  which  he  concluded  were  developed 
fi'om  the  supposed  ova,  as  the  fu-st  phase 
of  f'utm-e  Colpodce.  Such  an  interpreta- 
tion has  no  evidence  to  support  it,  and 
is  rejected  by  Stein,  (xxv.  324,  the 
uomial  form ;  fig.  325  represents  the 
animalcule,  as  Ehrenberg  conceived,  de- 
positing its  ova  in  a  net-like  mass,  or, 
as  others  woidd  intei-pret  it,  in  process 
of  diffluence ;  and  figs.  326,  327,  young 
animalcules,  which  resemble  Trichoda 
pyriformis.)  Common  hi  vegetable  in- 
fusions.   1-1800"  to  1-280". 

K.  (?)  Ren.  —  Ovate,  cylindrical,  kid- 
ney-shaped, and  roiuided  at  the  ends. 
In  river-water.  1-288". 

K.  (?)  Cucullio  (M.)=Zoxodes  Cucullio, 
(Perty). — Compressed,  plane,  elliptical, 
slightly  sinuated  anteriorly.  Ehrenberg 
remarks  that  neither  cilia  nor  tongue- 
like member  was  observable  by  hijn, 
and  that  its  generic  situation  is  there- 
fore uncertain.  Perty,  however,  has 
noticed  such  a  process.  1-000". 
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K.  LiKjanemts  (Perty). — Large,  bvoad, 
slightly  convex  on  one  side.  Oral  in- 
fiindibulum  deep.    Eows  of  cilia  un- 


usually numerous.  Movements  slow; 
internal  corpuscles  green.  I-ISO".  It 
is  probably  a  Kolpoda. 


Genus  PARAMECIUM  (XXV.  329-332 ;  XXIX.  25-34).— Body  oblong, 
compressed,  ciliated  on  all  sides ;  mouth  lateral,  with  a  tongue-Uke  process  ; 
no  visual  point.  The  cilia  are  disposed  in  longitudinal  series ;  those  near  the 
mouth  are  sometimes  longer  than  the  others,  and  are  alone  subservient  to 
locomotion,  except  in  two  doubtful  species.  In  P.  GhrysaUs  the  long  oral  ciUa 
are  remarkable.  The  digestive  cells,  Ehrenberg  proceeds  to  say,  are  numerous, 
amounting  to  more  than  a  hundred,  and  are  an-anged  in  a  bei-ry-like  manner 
along  the  curved  aUmentary  canal:  in  five  species  they  have' been  demon- 
strated by  artificial  means,  in  a  sixth  by  its  usual  green  food.  The  ova  in 
two  species  are  seen  as  a  granular  mass.  In  aU,  except  one  species,  male 
organs  are  visible.  The  curious  star-Uke  contractile  vesicles  in  the  larger 
species  are  highly  interesting,  when  physiologically  considered,  as  ai-e  also  the 
little  black  bodies  seen  in  P.  Aurelia.  In  four  species  complete  self-division, 
transverse  and  longitudinal,  has  been  observed  alternately.  This  genus  gives 
name  to  a  family  Parameciens  or  Paramecina  in  the  systems  of  Dujardin  and 
Perty. 

Steia  makes  the  uniformity  in  length  and  thiclaiess  of  the  cilia  a  character- 
istic of  Paramecium,  which  distinguishes  it  both  from  Loxodes  and  Bursaria, 
which  have  larger  and  stronger  cHia  about  the  mouth  than  cover  the  rest  of 
the  body  (see  p.  285).  Ehrenberg's  statement  that  those  about  the  mouth 
are  longer  than  the  rest  requires  correction  ;  and  the  instance  (P.  Glirysalis) 
cited  indicates  only  that  this  species  is  not  a  Paramecium.  Other  par- 
ticulars requiring  revision  are,  that  Paramecia  have  numerous  stomachs  dis- 
posed as  offsets  upon  a  curved  alimentary  tube ;  that  the  granular  mass  in 
the  interior  consists  of  ova.  The  male  organs  referred  to  are  the  nucleus  and 
contractile  vesicle  or  vesicles.  In  P.  Aurelia  and  P.  Bursaria  Lachmann 
states  that  the  anus  may  be  frequently  recognized,  in  the  form  of  a  small  pit 
on  the  surface  of  the  animals,  even  for  a  considerable  time  before  and  after 
an  excretion. 

In  our  remarks  on  Pmtophets  we  have  expressed  a  doubt  as  to  the  inde- 
pendent position  of  that  genus  apart  from  Paramecium. 


Paramecium  Aurelia  (M)  (xxv.  329- 
332).— Club-shaped,  cylindrical,  slightly 
attenuated  anteriorly.  An  obliq[ue  longi- 
tudinal fold  borders  upon  the  very  much 
receding  mouth.  Ehrenberg  states  that 
he  has  seen  small  dark  crystalline  bodies 
abundant  in  the  frontal  region,  which, 
he  conceives,  are  indications  of  the  pre- 
sence of  nervous  matter,  as  such  cry- 
stalline bodies  often  accompany  it.  These 
creatures  appear  to  him  also  to  have  the 
sense  of  taste,  since  in  the  same  gi-oup 
some  individuals  prefer  one  kind  of  food 
and  others  another.  This  may  be  ob- 
sen^ed  by  mixing  blue  and  red  colours 
together,  when  some  will  feed  upon  the 
former,  others  upon  the  latter,  as  indi- 
cated by  the  colour  of  the  digestive 
cells:  in  some  the  cells  have  a  violet 
hue.  After  being  fed  with  colour,  tliey 
may  be  dried  upon  glass  or  mien,  and 


thus  preserved.  According  to  the  hypo- 
thesis of  Elu'enberg,  the  rays  of  the  star- 
like vesicle  are  spennatic  ducts,  through 
which  the  fluid  is  forced  upon  the  ova 
in  the  vicinity  by  the  constantly  repeated 
acts  of  contraction  of  the  vesicle.  The 
ducts  are  long,  and  enter  the  ovarimn  at 
many  points  (see  p.  312  et  scq.).  The 
expulsion  of  ova  has  frequently  been  ob- 
served. The  colour  of  these  animalcules, 
when  bearing  ova,  is  white  by  reflected 
light,  and  yellow  by  transmitted  ;  hence 
the  names  "  ^old  and  silver  little  fishes," 
so  often  applied  to  them  by  Joblot  and 
others ;  those  devoid  of  ova  are  colour- 
less. The  cilia  ore  best  seeu  when  the 
water  is  coloured ;  there  are  from  2(3  to 
52  longitudinal  rows  along  each  side  of 
the  body,  according  to  Ehrcnber"-,  who 
says  that  in  some  rows  he  counted  from 
00  lo  70  cilia,  making  .S()40  organs  of 
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locomotion,  and  tliat  each  cilium  is  placed 
upon  a  sort  of  little  knob  or  articulated 
base  (see  p.  285).  (Fig.  329,  a  dried  spe- 
cimen ;  fig.  330,  a  creature  feeding  upon 
indigo,  the  particles  of  which  around 
indicate  the  ciin-ents  produced  by  the 
cilia ;  iig.  332,  an  ideal  view,  to  show 
the  structure  of  the  nutritive  organs  as 
stated  byEhrenberg;  fig.  331,  a  young 
specimen,  of  the  normal  shape.)  Abun- 
dant in  vegetable  infusions,  and  increases 
so  rapidly  in  stagnant  waters  that  some 
have  referred  their  marvellous  abundance 
to  spontaneous  generation  from  elemen- 
tary primitive  matter.    1-120"  to  1-96". 

P.  caudatum. — Spindle-shaped ;  obtuse 
anteriorly,  attenuated  posteriorly.  Not 
in  infusions,  but  ia  ponds,  amongst 
decayed  sedge-leaves  and  Confervse. 
1-120". 

P.  Chrysalis  Q,L)  =  PleHro7iema  cms- 
sum  (Duj.)  (xxvi.  23).  —  Oblong  and 
cylindi-ical,  equally  rounded  at  both 
ends ;  cUia  about  the  mouth  very  long. 
This  species,  like  P.  Aurelia,  is  often 
developed  in  such  vast  myriads  that  the 
water  has  a  milky  hue,  the  masses  as- 
cending or  descending  hi  the  fluid :  this 
appearance  may  be  produced  by  slightly 
shaking  the  water.  In  infusions  and  in 
salt  water.    1-240"  to  1-190". 

If  the  uniform  length  of  the  cUia  be 
admitted  a  generic  character  of  Para- 
mecium, this  species,  which  has  several 
very  long  bristly  cilia  proceeding  from 
the  oral  fissure,  must  be  excluded.  Both 
Dujardin  and  Perty  have  proposed  this, 
and  made  Paramecium  Clirysalis  the  re- 
presentative of  a  genus  styled  "  Pleicro- 
■nema." 

It  is  usually  filled  with  gi-eyish  mole- 
cules and  vesicles,  and  rarely  coloured 
with  chlorophyll.  Fission  longitudinal. 
The  long  fibres  from  the  lateral  oral 
fissm-es  are  fi-om  two  to  twelve  in  num- 
ber, and,  though  frequently  shorter,  are 
at  times  equal  to  or  even  much  longer 
than  the  body,  and  sem'e  to  vary  its 
movements  by  their  activity. 

P.  Kolpoda  {Kolpoda  Ren,  M. ;  K.  Cu- 
cullus,  D.). — Ovate,  slightly  compressed; 
ends  obtuse,  the  anterior  attenuated  and 
slightly  bent  like  a  hook.  Fomid  espe- 
cially in  infusions  of  Urtica  dioica  (the 
stinging  nettle).  Perty  is  disposed  to 
believe  this  form  to  be  an  earlier  stage 
of  P.  Aurelia.  1-240". 

P.  (?)  Sinaiticum.  —  Elliptical,  com- 
pressed, the  back  and  under  side  cari- 
nated  (keeled) ;  frontal  cilia  indistinct. 
Among,st  Confei"v?e,  in  a  brook  on  Mount 
Sinai.  1-288". 


P.  (?)  oc«/!«w!.  — Ovate,  turgid;  an- 
teriorly attenuated  and  rounded.  In 
stagnant  river-water.  1-288". 

P.  compressum  (Bursaria  Lumhrici, 
Stein). —Elliptical  or  reniform,  com- 
pressed. An  oblique  weath  of  long 
cilia  reaches  to  the  middle,  where  the 
mouth,  with  its  slig;ht  tongue-like  pro- 
cess, is  situated.  Pound  in  the  river- 
mussel  {Mija),  and  in  the  intestine  of 
the  earthworm  (Lumbricus).  1-240"  to 
1-210". 

Dujardin  takes  this  species  as  the  type 
of  a  newly-formed  genus,  "  Playiotoma," 
characterized  especially  by  its  com- 
pressed lamellar  figure,  and  by  its  para- 
sitic habitat.  Its  cilia  are  described  as 
disposed  in  longitudinal  rows  over  the 
sunace  (vide  ante,  p.  627). 

We  agree  with  Stein  that  there  is  no 
good  reason  for  framing  the  genus  Pla- 
giotoma,  as  Dujardin  has  done,  on  the 
characters  of  this  animalcule.  If  it  have 
no  mouth  it  should  take  its  place  among 
the  Opalince;  and  it  is  to  be  remarked 
that  though  Dujardin  clearly  saw  a  deep 
fold  or  fissure — a  feature  of  Opalince — ^he 
could  not  succeed  in  artificially  feeding 
the  animal  with  coloured  food.  At  all 
events,  it  has  certainly  no  right  to  a  place 
among  Paramecia,  since  the  crest  of 
longer  cilia  about  the  mouth-like  fossa 
refers  it  (supposing  it  to  have  a  mouth) 
to  the  Biirsarice. 

P.  Milium  (Ci/clidium  Milium,  M.). — 
Small,  oblong,  trilateral;  roimded  equally 
at  both  ends.  In  coloiu-ed  water  the 
body  is  seen  vibrating.  1-1150". 

P.  Bursaria  =  Lo.vodes  Bursaria  (Ehr.) 
(xxix.  25-34). — It  is  not  a  Loxodes,  since 
all  its  cilia  are  equal  and  similar,  Ehr- 
enberg  being  in  error  respecting  the  ex- 
istence of  a  larger  sort  in  the  infundi- 
bulum  leading  to  the  month. 

P.  rersutum.  (M.nQ.Qv)=  Bursaria  ver- 
nalis  (?)  (Ehr.). — Perty  revives  this  spe- 
cies ;  but  Lachmann  (A.  N.  H.  1857,  xix. 
215)  thinks  it  unnecessary  to  do  so,  "  as 
there  is  scarcely  any  certainty  in  the 
synonymy  previous  to  Ehrenberg;  and 
we  should  never  again  introduce  an  older 
specific  name  for  an  Infusorium  if  it  has 
a  name  given  to  it  by  Ehrenberg,  oven 
when  it  is  not  improbable  he  may  have 
overlooked  an  older  name." 

b.  rar.  Alpinn  (Perty).  —  Smaller, 
plaited,  stouter  and  more  cylindrical 
than  P.  rersutum. 

P.  yriscolum.  (Povty).  —  Little  ti'ans- 
parent,  being  filled  with  greyish  mole- 
cules ;  border  very  delicate.  Nine  to  ten 
longitudinal  plaits  on  tlio  surface.  Jlove- 
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1^430  frequently  oscillating. 

P.  aureolum.  —  Transparent,  peach- 
coloured  or  golden  yellow ;  plaits  strong. 
Movements  sluggis"h.  1-430". 

P.  leucas= Bursar ia  loiicas?  (Ehr.). — 
On  one  side  a  horn-like  process,  and  on 
the  other  a  pair  of  eminences  project. 
Movements  slow. 

P.  stomioptycha  (E.).  —  Oblong,  ob- 
tusely ovate,  tm-gid ;  oral  apertm'e  large, 


reniform,  cilia  long;  body  marked  by 
circular  folds ;  lip  with  peculiar  appen- 
dages; vesicles  two,  stellate;  nucleus 
elongated,  cylindrical.  Mouth  occupies 
the  anterior  third  of  the  body,  sur- 
moimted,  however,  by  its  obtuse  "frontal 
end;  cilia  dense,  in 'louptudinal  rows; 
vacuoles  numerous;  colour  yellowish- 
white  ;  nucleiLS  above  one-third  of  the 
entire  length,  which  varies  from  1-24"' 
to  1-15"'. 


Genus  AMPHILEPTUS. — Tongue-like  process  and  eye-speck  absent ;  but 
the  body  is  furnished  with  a  proboscis  and  tail,  and  is  elongated  fusifoi-m  or 
lanceolate.  Cilia  numerous,  disposed  in  longitudinal  series :  in  one  species 
ciKa  are  not  visible ;  but  in  this  the  flexible  attenuated  extremities  of  the  body 
serve  their  office  as  locomotive  organs.  In  some  the  tail  (foot)  and  proboscis 
(brow)  are  rudimentary.  Numerous  vacuoles  filled  Avith  food  may  be  fre- 
quently seen  ;  the  mouth  and  anus  are  usually  distinguishable.  marga- 
ritifer  has  a  pale  rose-red  fluid.  A  contractile  vesicle  and  a  nucleus  are 
found;  the  latter  is  globular  or  moniliform.  Self-division  occurs  both 
transversely  and  longitiidinally,  or  transversely  only. 

Speaking  of  Ehi-enberg's  distribution  of  this  genus,  Dujardin  remarks  

"  This  author,  whilst  assuming  the  presence  of  proboscis  and  tail  (as  a  cha- 
racteristic), yet  refers  to  the  genus  animalcules  without  tail,  and  dUated  and 
rounded  posteriorly  ;  and  on  the  other  hand,  whilst  intent  on  seeking  a 
distinctive  character  for  his  diff'erent  families  in  the  position  of  the  anus, 
which  he  attributes  to  all  his  Enterodelous  Infusoria,  he  has  left  in  his  genus 
Trachelius  several  species  which  to  us  ajspear  to  belong  to  AmpJiileptus,  and 
has  himself  several  times  transferred  some  species  fi'om  one  genus  to  the 
other."  The  Amphileptus  Anser  is  taken  by  Dujardin  as  the  type  of  a  genus 
termed  Dileptus,  and  A.  Meleayris  of  one  termed  Loxopliyllum.  AmpMleptus  is 
the  name  of  a  genus  comprehended  by  Perty  in  his  family  Trachelina,  which 
appears  generally  equivalent  to  that  bearing  the  same  name  in  Ehrenberg's 
system ;  but  it  contains  besides,  Trachelius  vorax.  Cohn  remaks  that  it  is 
imperfectly  distiagaiished  by  Ehrenberg  from  Tracliel'ms. 

The  Amphilejpti  are  commonly  found  in  the  limpid  water  of  mai'shes  or 
brooks,  among  aquatic  plants. 

Amphixeptus  Anser  (  Vibrio  Anser  et 
Cygntis,  M.  =  Dileptus,  D.)  (xxrv.  312, 
313).  —  Turgid,  spindle-shaped  ;  pro- 
boscis obtuse,  same  leng-th  as  body ;  tail 
short  and  acute.  The  neck-like  pro- 
boscis is  in  reality  a  brow  or  upper  lip, 
the  mouth  being  at  the  base.  Ehrenberg 
thinks  he  has  seen  the  anal  opening  upon 
the  dorsal  svu-face,  near  the  tail.  The 
motion  of  the  body  is  slow,  but  that  of 
the  proboscis  more  active.  It  is  very 
often  coloured  green  with  chlorophyll, 
received  as  food.  /\jnongst  dead  sedge- 
leaves,  &c.  1-120". 

A.  marfjaritifer.  —  White,  slender, 
spindle-shaped ;"  proboscis  acute,  equals 
the  length  of  the  body ;  tail  short.  The 
most  strikhig  features  are  tlie  swollen 
margin  of  the  mouth,  and  nccklnce-like 


series  of  vesicles  disposed  along  the 
body.  It  feeds  upon  green  Monads,  lilce 
the  preceding  species  in  Ehrenberg's 
figm-es.  Cilia  are  not  shown.  Amongst 
colonies  of  Vorticellce,  &c.  1-72".  This 
species  is  the  counterpart  of  the  pre- 
ceding; and  the  distinction  found  by 
Ehrenberg  in  the  necklace-lUve  vesicles 
has  no  value  as  such,  since  these  vary 
both  in  number  and  position  according 
to  the  abimdauce  of  food  and  other 
external  circumstances. 

A.  wonilif/er. — Turgid,  ample,  white; 
proboscis  and  tail  short.  It  has  a 
necklace-like  collection  of  rose-colom-ed 
vesicles.  Amongst  duck-weed.  1-96" 
to  1-72". 

A.  riridis. — Turgid,  spindle-shaped, 
green:   proboscis  and  tnd   short  and 
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tmnspavent.  Amongst  Lemnte.  1-120" 
to  1-96".  ■ 

A.  Fasciola  (  Vibrio  Anas,  Fasciola,  et 
intermedins,  Paramecium  Fasciola,  M.) 
(xxiv.  314-316  ;  xxix.  19,  20).— White, 
depressed,  linear,  lanceolate,  convex 
above,  ilat  beneath.  When  viewed  from 
above,  from  ten  to  twelve  longitudinal 
rows  of  delicate  cUia  may  be  seen,  and 
in  the  middle  of  the  body  two  romid 
miclei,  and  behind  them  a  contractile 
vesicle  (XXIV.  314,  315,  316).  In  infu- 
sions, in  niai'shy  ponds,  &c.  Perty  states 
that  he  has  found  it  at  an  elevation  of 
5000  feet  on  the  Alps,  and  also  beneath 
the  ice.  Cohn  has  watched  its  power  of 
encysting  itseK.  (Siebold's  Zeitschr.  1854, 
V.  p.  430).    1-720"  to  1-144". 

A.  Meleagris  {Kolpoda,  M. ;  Loxophyl- 
lum  Meleagris,  D.). — Large,  compressed, 
membranous,  broadly  lanceolate  in 
shape,  with  the  crest  of  the  back  denti- 
culated. The  colom-  of  this  interesting 
aninifilcule  is  white.  On  the  under  side 
there  is  a  more  or  less  distinct  row  of 
eight  to  ten  bright  colourless  spots. 
These  spots  are,  however,  in  no  constant 


number,  as  Ehrenberg  supposed ;  for  they 
are  nothing  more  than  coloured-food 
vacuoles,  which  sometimes  completely 
fill  the  animalcule.  With  Lenmas. 
1-72".    (See  notes  on  Nassula,  p.  625.) 

A.  lonqicollis  {Kolpoda  ochrea,  IVichoda 
Felis,  M!).— Dilated  ;  turgid  posteriorly ; 
attenuated  and  elongated  anteriorly,  like 
a  sword.  Amongst  Lemnae.  1-120"  to 
1-96". 

A.  (?)  papillosus. — Depressed,  lanceo- 
late, fi'inged  with  papiUte ;  tail  and  pro- 
boscis smooth.  Amongst  Confervre. 
1-600"  to  1-430". 

A.  Sphagni.  —  Depressed,  linear  or 
linear-lanceolate ;  proboscis  trimcate 
and  keeled;  taU  acute;  fringed  with 
cilia  on  one  side ;  green  corpuscles  oc- 
cupy the  centre,  leaving  the  extremities 
of  the  body  colomless  or  hyaline.  1-48" 
to  1-12".  Proboscis  is  one-fom-th  the 
length  of  the  body.  Nucleus  ovate ; 
cilia  disposed  spirally.  Vacuoles  some- 
times enclose  Bacillaria.  Ovrdes  (?) 
large.  Approaches  A.  Fasciola  in  general 
chai-acters.    On  submerged  Sphagnum. 


Genus  TJROLEPTTJS  (XXV.  333).— Fm^nislied  with  a  tail;  eye-speck, 
tongue-like  process,  and  proboscis  absent.  Locomotion  eifected  by  the  cilia, 
whicli  cover  the  body,  and  are,  in  three  species,  evidently  disposed  in  rows. 
Numerous  vacuoles  and  a  mouth  have  been  demonstrated  by  coloured  food  ; 
but  a  discharging  orifice  has  not  been  satisfactorily  determined.  Green- 
coloured  granules  are  evident  in  two  species,  but  no  nucleus  or  vesicle. 

This  genus  of  Ehrenberg  (says  M.  Dujardin),  judging  from  the  figures  of 
most  of  its  species,  should  be  in  part  united  with  Oxytricha.  Thus  Uroleptus 
Piscis  seems  identical  with  Oxytricha  caudata  (Duj.)  ;  U.  Musculus  (Ehr.)  is, 
in  figure,  an  Oxytricha ;  whilst  U.  (?)  Lamella  is  probably  a  Trachelius,  and  U. 
Filum  is  rather  allied  to  Spirostommn  amhiguum.  If  these  views  be  correct, 
Uroleptus  should  be  erased  from  the  list  of  genera.  Three  species  counted  in 
this  genus  by  Ehrenberg  are  rejected  from  it  by  Perty,  and  allied  with  Oxy- 
tricha,— ^dz.  U.  Musculus,  U.  Piscis,  and  U.  Lamella. 


Ubolkptus  Pism  (Trichoda  Piscis, 
M.). — Green  ;  in  hgure  like  an  elongated 
top,  gradually  attenuated  postenorly, 
forming  a  thick  tail,  covered  with  cilia, 
those  at  the  mouth  largest.  Found,  in 
February  and  March,  amongst  the 
floccose  brown  coat  upon  dead  sedge- 
leave.?,  along  with  Cldamydomonas  and 
C'rt/pfomonas.  Hampstead  ponds.  1-288" 
to  1-44". 

Perty  doubts  if  there  is  any  real  di- 
stinction between  this  animalcule  and 
tlie  Oxgtricha  caudaia  (Elir.). 

U.  Musculus  (Trichoda  Musculus,  M  ) 
(XXV.  .333).— AVhite,  cylindrical,  pear- 
shaped,  thickened  posteriorly,  where  it 
abruptly   tenninates  in  a  tail.  T]u> 


movement  rolling.  It  is  inactive  and 
rigid.    With  Oscillatorics.  1-220". 

U.  Ilospes.  —  Greenish,  ovate-oblong 
and  tm'binate  in  shape ;  obliquely  trun- 
cated and  exca^'ated  anteriorly;  poste- 
riorly termmated  by  a  styliform  acute 
tail.    In  frog-  and  snail-spawn.  1-240". 

U.  (?)  Lamella.  —  Transparent,  linear- 
lanceolate,  depressed,  flat,  very  thin.  In 
infusions.  1-220". 

U.  Filum  {Enchelys  caudata,  M.).  — 
White,  filiform,  cylindrical;  rounded 
anteriorly;  attenuated  posteriorly,  form- 
ing a  straight  long  tail.  It  is  considered 
a  Spirostomum  by  Dujardin  and  Perty 
(vide  ante,  p.  023).  In  stagnant  spring- 
water,  &c.  1-4S". 
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Genus  OPHRTOGLENA  (XXV.  334, 335).— Ovoid,  ciliated,  with  an  eye- 
speck  anteriorly.  Locomotion  effected  by  the  numerous  regular  longitudinal 
rows  of  cilia.  Some  of  the  munerous  digestive  vacuoles  are  often  fiUed  mth 
Naviculce.  The'  mouth  is  situated  in  a  fossa  beneath  the  brow  on  one  side  ; 
and  the  anal  orifice  lies  upon  the  dorsal  surface,  at  the  base  of  the  little  tail. 
A  laro-e  central  nucleus  and  one  or  more  contractile  vesicles  are  found ;  trans- 
verse°and  longitudinal  self-division  have  been  observed.  A  large  red  or  black 
stigma  is  always  present  on  the  frontal  region.  These  Infusoria  are  found  in 
stagnant  fresh  water,  but  not  in  infusions. 

As'  Dujardin  rightly  remarks,  this  genus  differs  from  Koljpoda  only  by 
having  a  stigma  or  eye-speck ;  however,  he  prefers  to  place  it  among  Bur- 
sarina,  because  the  mouth  is  situated  at  the  extremity  of  a  row  of  cilia.  In 
this  transposition  of  Ophryoglena,  Perty  does  not  agree,  seeing  that  it  has  a 
narrow  mouth,  and  the  closest  affinity  with  Panophrys,  with  which,  therefore, 
he  replaces  it,  along  with  Paramecium,  &c.,  in  the  family  Paramecina.  We 
are  disposed  to  question  its  claim  to  a  generic  position ;  for  the  coloured  speck 
is  worthless  as  a  distinctive  character. 


Ophbyoglena  atra  (Zeucophra  Ma- 
milla,  M.).— Blackish,  ovoid,  compressed, 
acute  posteriorly.  A  black  stigma  is 
situated  anteriorly  near  the  dorsal  mar- 
gin. The  mouth  is  at  the  bottom  of  a 
funnel-shaped  cavity,  commencing  im- 
mediately beneath  the  brow ;  within  this 
ca-vdty  Ehrenberg  thinks  he  has  lately 
seen  an  o^•al  bright  gland.  The  colour- 
less cilia  appear  like  silver  fringe  on  the 
dusky  animalcule,  especially  those  in 
front.    In  tm-f-hollows.  1-180". 

0.  acuminata  (xxv.  334, 335).— Brown, 
ovate,  and  compressed ;  tail  short  _  and 
acute ;  stigma  red.  The  brow  projects 
beyond  the  mouth  about  the_  length  of 
the  body,  or,  in  other  words,  is  situated 
about  the  middle.  In  tm-f-hoUows. 
1-180". 

0.  flavicans. — Yellow,  turgid,  ovate, 
attenuated  and  rounded  posteriorly; 
stigma  red,  irregular  in  shape  ;  the  cilia 
near  the  mouth  longer  than  in  the  pre- 
ceding species ;  Ehrenberg  counted  from 
twelve  to  sixteen  rows  at  one  view.  In 
tm-f-hollows.  1-144". 

Nothing  like  a  lens  can  be  seen  within 
the  eye-speck ;  but  close  to  it  there  is  an 
hour-glass-shaped  body,  transparent  and 
apparently  structureless.  Its  position 
seems  fixed,  but  it  may  be  detached  by 
diffluence  of  the  auimalcule,wheuitswells 
up  in  the  sm-rounding  water  and  often  ex- 
hibits a  central  cavity.  Its  presence  is  not 


necessarily  associated  with  the  coloured 
stigma :  in  Ophryor/Iena  atra  it  is  ab- 
sent ;  and  whilst  Bursaria  possesses  this 
organ,  it  has  no  coloured  speck.  In 
other  Infusoria  having  stigmata,  such  aa 
Euglenffia,Peiiduiiffia,  &c.,  no  such  organ 
is  discoverable  in  connexion  with  them 
(MiUler's  ArcMv,  1856,  p.  21).  Stem 
advances,  as  a  distinctive  character  be- 
tween Oph.Jiavicans  and  Bursaria  Jlara, 
the  difference  subsisting  in  respect  of  the 
nucleolus. 

0.  griseovireiis  (Perty).  —  EUiptical, 
with  more  or  less  imeq^ual  sides  ;  usually 
more  pointed  behind,  and  rounded  in 
fi-ont,  where  a  red  or  dai-k  pigment-speck 
is  visible.  Hyaline,  and  when  sti'ongly 
magnified  reticular ;  but  frequeutly  con- 
tains grey  or  gi-een,  and  in  rare  cases 
brown  molecules.  The  marginal  cilia 
veiy  distinct.  Oral  fossa  in  anterior 
half.  Movements  quick  and  revolving. 
1-300"  to  1-180".    In  ponds,  Bern. 

0.  Panophrys  (Perty).  —  Large,  oval 
when  seen  on  the  wider  side;  pomted 
end  posterior;  colom-  gi-eyish  yellow; 
without  pigment-speck,  men  seen  on 
the  nan-ow  side,  the  marginal  cilia  appear 
in  concentric  cmwed  lines,  whilst  on 
the  broad  side  the  cUia  are  close  together 
and  apparently  irregulai-.  Movements 
slow.  Usually  swims  on  one  of  its  wider 
sides,  and  but  seldom  revolves.  Mouth 
wide.    1-144''.  Uncommon. 


Genus  DILEPTUS  (Duj.)  (XXVI.  26).— This  genus  belongs  to  the  family 
-  Tnchodina"  (ante,  p.  608),  and  is  thus  defined  :-Animal  a  fusiform 
^odrmtrelongated'anter-i^  like  a  long  neck,  with  a  mouth  seated  at  the 
base 'o? the  prolongation;  vibratile  cilia  cover  the  surface,  and  are  of  larger 

^^^Z^^r^M^-^ed^^^      .vith  the  Paramecin.,  although,  unlike 
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the  latter,  destitute  of  a  contractile  reticulated  integument.    The  type  of  this 
genus  is  the  AmphUeptus  Anser  of  Ehrenberg  ;  and  the  A.  marganhfer  (Ehr.) 
is  also  referable  to  it. 
DiLEPTus  i^o/»m  (Duj.)  (XXVI.  26).   leaf.    In  river-water.  1-175"  to  1-130" 


—Very  flexible ;  laaceolate,  contracted 
in  front,  with  nodidar  reticulated  and 
irreg-ular  stripes,  Uke  the  veins  of  a  | 


Perty  remarks  that  this  organism  can- 
not be  a  species  of  Dilq)ius. 


Genus  LOXOPHYLLUM  (Duj.)  (XXVI.  32). -Veiy  depressed,  lameUar, 
obhque,  very  flexible  ;  sinuous  or  undulated  along  the  borders  ;  mouth  lateral ; 

cilia  in  wide  parallel  rows.  .,,7-7  -n  i 

Ehrenberg  has  comprehended  LoxophyUum  with  Amphihptm.  Perty 

makes  the  separation. 


LoxoPHYLLUM  MeleagHs,  the  type  of 
the  genus = Amphileptus  Melcagris  (Ehr.) . 

The  Trachelius  Meleagris  (Ehr.)  pro- 
bably represents  also   another  Loxo- 


phyllum,  as  well  as  the  Kolpoda  ochrea 
of  Miiller,  which  Ehrenberg  states  to 
agree  with  his  Amphileptus  longicollis. 


Genus  PLEUEONEMA  (Duj.  and  Perty)  (XXVI.  23),  represented  by 
the  Paramedum  Chrysalis  (Ehr.),  is  thus  defined  by  Dujardin  :— "  Body  oval, 
oblong,  depressed;  having  one  large  lateral  orifice,  from  which  a  tuft  ot  long, 
floating  and  contractHe  filaments  issues."  It  has  nothing  m  common  with 
Paramecium,  he  adds,  besides  its  oblong  figure ;  whilst  the  bundle  of  long 
filaments  has  no  analogy,  except  in  the  genus  Alyscum.  However,  he  places 
it  in  his  family  Parameciens,  whilst  Perty  introduces  it  as  the  sole  represen- 
tative of  a  family  "  Aphthonia,"  characterized  as  having,  besides  locomotive 
cilia,  other  longer  ones  or  filaments. 

Pleubonema  crassum  =  Paramecium  the  anterior  fourth  of  the  body,  with 
CJirysalis  (Ehr.).  —  Ovoid,  much  elon-  long  filaments,  some  proceeding  from 
gated,  rather  depressed ;  with  obtuse  the  border,  others  from  the  posterior  ex- 
ends ;  finely  striated.    Lateral  orifice  at   tremity.  1-120".  In  the  Mediterranean. 

Genus  OTOSTOMA  (Carter,  A.N.H.  1856,  xvii.  117)  (XXVIII.  24-26).— 
Body  ovoid,  of  a  light  brow  coloui',  covered  with  longitudinal  lines  of  cilia. 
Mouth  ear-shaped,  in  a  depression  situated  about  the  junction  of  the  anterior 
with  the  middle  third  of  the  infusorium ;  buccal  cavity  broad,  short,  curved 
downwards,  and  a  Httle  upon  itself  outwards,  plicated  longitudinally  in 
parallel  lines.  Anus  terminal ;  gland  or  nucleus  long,  fusiform,  situated 
between  the  buccal  cavity  and  the  contracting  vesicles,  which  are  double 
and  connected  with  a  set  of  vessels  something  lilce  those  of  Paramecium 
Aurelia. 

"  It  is,"  adds  Mr.  Carter,  "  a  Paramecium  closely  allied  to  Nassula,  and, 
fi'om  the  likeness  of  the  oral  orifice  to  the  human  ear,  I  propose  for  it  the 
name  of  *  Otostoma.' "  Its  cysts  have  been  discovered  on  Nitella,  and  give 
exit  to  monadiform  beings  approaching  the  parent  Otostomn  in  form. 


FAMILY  XL— OXYTRICIIINA. 

(XXV.  336-344;   XXVIII.  43-47.) 

Possess  two  separate  alimentary  orifices,  neither  of  them  situated  at  the 
extremities,  and  are  not  encased  by  a  dense  integument  (lorica).  Their  loco- 
motive organs?  are  various,  consisting  of  setas,  vibratile  cilia,  and  non-vibratile 
styles  or  uncini,  variously  situated,  and  render  the  creatui-es  active.  (Poly- 
gastric  cells,  disposed  upon  an  alimnntaiy  tube,  were  represented  bj'  Ehren- 
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berg,  except  in  Ceratidimn.)  A  curved  lino  of  strong  cilia  leads  towards  tlie 
mouth,  which  is  situated  about  the  mecUau  line  at  the  posteiior  third  of  the 
body,  and  opens  into  a  ciliated  oesophagus.  Tlie  anus  is  behind  the  mouth, 
on  the  same  ventral  surface,  near  its  margin.  Complete  transverse  and  longi- 
tudinal self-division  is  observed.  The  process  of  encysting  may  be  presumed 
general;  in  Urostyla  Cohn  has  seen  the  ulterior  development  of  a  cihated 
embryo. 

r  Brow  without  horns   Oxytricha. 


Oilia  and  setce,  no  styles  or  unciiii . . . 


Styles,  or  uncini,  or  both. 


Brow  with  horns    Ceratidium. 

''With  uncini,  no  styles    Kerona. 

With  styles,  no  uncini    Urostyla. 

^  With  styles  and  uncuii   Stylonychia. 

This  family  is  generally  similar  to  the  Keronina  of  Dujardin,— a  family 
of  animalcules,  according  to  this  observer,  much  lower  in  the  scale  than 
many  in  the  families  previously  described,  such  as  Kolpoda,  Paramecium, 
C'oleps,  &c. 

"  Processes  in  the  form  of  styles  or  hooks  characterize  both  the  '  Keroniens ' 
and  the  'Ploesconiens  ; '  but  the  latter  have  a  shield  (lorica),  whilst  the  former 
are  soft  and  have  no  sign  of  an  integument.  Of  the  '  Keroniens '  the  Oxy- 
tricha have  neither  horns  nor  hooks,  but  only  cirrhi  or  straight  processes, 
apparently  rigid ;  another  genus,  '  Halteria,'  has  large  cirrhi  like  the  pre- 
ceding, but  differs  considerably  in  its  mode  of  life  and  its  movements. 

"  The  Urostyla  of  Ehrenberg,  vdth  styles  only,  and  no  hooks  (uncini),  we 
imite  with  Oxytricha ;  and  his  Stylonychia,  provided  with  both  styles  and 
hooks,  with  Kerona ;  another  genus  described  under  the  name  of  Ceratidium, 
horned  anteriorly,  but  wanting  both  styles  and  hooks,  seems  to  be  only  altered 
or  mutilated  Keronce.  On  the  other  hand,  Halteria  appears  to  be  included 
by  Ehrenberg  among  true  Urceolaria,  in  liis  genus  Trichodina,  although  it 
possesses  none  of  the  characters.  The  Keroniens  are  found  in  stagnant  water, 
fresh  and  salt."  Perty  has  established  a  family  Oxytrichina,  which,  besides 
.containing  two  new  genera,  styled  Mitophora  and  Stichotricha,  excludes  Cera- 
tidiuvt  and  Stylonychia,  referring  the  species  of  the  latter  genus  to  Kerona. 
After  these  exclusions  and  additions,  Perty' s  Oxytrichina  include  Oxytricha, 
Urostyla,  Kerona,  Mitophora,  and  Stichotricha. 

Genus  OXTTEICHA  (XXY.  336,  337;  XXIX.  21-24).— Styles,  uncini, 
and  horns  wanting.  The  body  is  soft,  flexible,  oval  or  oblong,  more  or  less 
flattened,  and  provided  with  cilia  and  setee.  Their  movements  are  foi-wards 
and  backwards,  often  by  impulse, — creeping,  swimming,  and  climbing.  In 
all  the  species,  digestive  vacuoles  are  evident ;  in  five,  (ova-like)  granules  ;  in 
four,  a  nucleus ;  and  in  five,  round  contractile  vesicles.  Transverse  and  longi- 
tudinal division  is  observed  in  0.  Lepras  and  0.  Pellionella  ;  longitudinal  only 
in  0.  Cicada,  and  perhaps  in  0.  PuUaster.  The  Trichoda  Nasamomum  and 
T.  jEthiopica  (Ehr.)  and  Urostyla  belong,  in  Dujardin's  opinion,  to  Oxytriclw,, 
and  Oxytricha  Cicada  (Ehr.)  to  the  Ploisconiens. 

Whilst  admitting  a  genus  Oxytricha,  Perty  makes  two  divisions  of  it,  the 
one  corresponding  generally  to  Uroleptus  (Ehr.),  and  the  second  to  Oxytricha 
(Ehr.).  The  differential  characters  given  are: — a.  Elongated  posteriorly, 
embracing  most  Urolepti  (Ehr.) ;  b.  Rounded  posteriorly,  equivalent  to  Oxy- 
tricha (Ehr.).  Under  the  fii'st  division  the  species  enumerated  arc  0.  candata, 
0.  Piscis,  0.  Ifiisruhis,  0.  amhicpia,  and  0.  Lamella ;  xmdcr  the  .second. 
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0.  proteusa,  0.  PelUonella,  0.  gibba,  0. 
2)latystoma,  0.  decumana,  and  0.  ftisca. 

OxYTRiCHA  rubra  {Trichoda  Piscts  ot 
'T.  patens,  M.).  —  Of  a  brick-red  colour ; 
lineal-  in  shape,  plane  on  the  under  side, 
and  equally  rounded  at  the  ends ;  pos- 
terior end  pro\'ided  with  setiB.  In  sea- 
water.  1-140". 

0.  PelUonella  {TricJioda  PelUonella,  M.) 
(xxix.  21-24).— White,  smooth ;  slightly 
depressed,  equally  rounded  at  both  ends, 
often  broader  in  the  middle;  head  not 
separate  ;  mouth  ciliated  ;  tail  provided 
with  setaj.  Each  animalcule  lias  two 
oval  nuclei,  and  between  them  a  single 
roimd  vesicle.  When  self-division  com- 
mences, fom-  glands  are  developed ;  and 
then  the  vesicle  divides.  Ehrenberg 
coimted  ten  cilia  anteriorly,  and  fom-  or 
five  setse  posteriorly ;  the  anal  outlet  is 
at  the  base  of  the  setse.  In  infusions, 
and  throughout  Switzerland  in  swampy 
ponds  along  the  .snow-line  of  the  Alps 
(Perty).  Auerbach  has  seen  it  encvst 
itself  (Siebold's  Zeitschr.  1854,  v.  p.  4.30). 
1-720"  to  1-280". 

Cienlcowsky  sumiises  this  species,  O. 
f/ibba,  Stylonychia  pustulata,  and  S.  lan- 
ceolata  to  be  one  and  the  same  animal- 
cule in  different  stages  of  gi'owth  and 
under  diiferent  cu'cumstances  in  respect 
of  food,  &c.  This  notion  is  favom-ed,  he 
says,  by  the  fact  that  the  animalcule 
which  escapes  from  an  encysted  S.  lan- 
ceolata  is  exactly  lilie  S.  pustulata. 

0.  caudata.  —  Smooth,  white ;  linear- 
lanceolate  in  shape,  roimded  anteriorly, 
attenuated  posteriorly  in  the  form  of  a 
tail,  which  is  provided  with  setae.  Mouth 
evident.  In  fi'esh  and  sea- water.  1-576" 
to  1-84".  (See  Stylonychia  2'«<s<2<toa.) 

0.platystoma  =  O.  eurystoma. — White, 


Oallina,  0.  Piillaster,  0.  Lepus  ?,  0. 

ovato-oblong,  under  side  flat,  with  mar- 
ginal setSB  ;  mouth  large  and  ciliated.  It 
s^vims  \vith  a  revolving  and  vacillating 
motion,  and  often  upon  the  back.  It 
creeps  upon  water-plants,  in  standing 
bog-water.  1-240". 

0.  ffibba  (Trichoda  f/ibba  et  fceta,  M.) 
(xxv."  336,  337).  —  White,  lanceolate, 
ends  obtuse,  middle  enlarged,  imdei-  side 
flat,  and  fiunished  with  two  series  of 
set£e,  and  a  large  round  mouth.  This 
species  resembles  0.  PelUonella,  but  is 
distinguished  by  its  setas,  the  two  or 
thi'ee  contractile  vesicles,  and  the  nu- 
cleus. This  creature  is  active,  and  nms 
nimbly  along  aquatic  plants  in  fresh  and 
brackish  water.  (Fig-.  336  an  under 
view,  fig.  337  a  side  view.)  1-240".  _  It 
is  not  equivalent  to  the  0.  f/ibba  (Duj.). 

0.  Pullaster  (  Trichoda  Pullaster,  Kerona 
PuUaster,  M.).  —  Whitish,  lanceolate, 
ends  obtuse,  ventral  surface  naked  at  the 
middle;  the  head,  indicated  by  a  con- 
striction, is  hairy,  like  the  tail.  The 
mouth  naiTow.  In  water-butts,  streams, 
and  infusions.  1-430".  This  form  and 
O.  Lepus  Pei-ty  believes  to  be  mere  va- 
rieties of  0.  PelUonella. 

O.  Cicada  {Trichoda  Cicada,  M.).  — 
Ovate,  or  almost  hemispherical,  back 
fiuTowed  and  notched,  imder  siu-face 
flat.  Upon  the  surface  of  stagnant 
water.    1-1440"  to  1-860".  _ 

O.  Lepus. — Whitish,  elliptical,  smooth, 
flat;  ciliated  anteriorly;  provided  with 
setse  posteriorly ;  the  mouth  and  dis- 
charging orifices  not  distinct;  and  the 
nucleus  imobserved.  In  standing-  water, 
1-540"  to  1-96", 


The  following  additional  species  are  given  by  Dujardin 


0.  incrassata. — Ovoid,  long,  coloiuless, 
fringed  posteriorly  with  rigid  setse.  Not 
so  long  as  O.  Pelliojiella,  and,  unlike  it, 
marine.  In  the  Mediterranean.  1-350". 

0.  Lingua.  —  Diaphanous,  flattened, 
flexible,  elongated,  rounded  at  each  end ; 
without  setfc  or  apparent  cilia  poste- 
riorly; granules  of  siuface  in  nearly 
regular  rows.  In  ditch-water  with  Con- 
fervae.  1-212". 


0.  ambigua. — Colourless,  oval,  oblong- 
depressed  in  the  middle,  concave  on  one 
side  ;  margin  tumid ;  with  very  sti-ong 
locomotive  cilia  on  the  concave  surface, 
and  -with  rigid  setse  behind.  In  sea- 
water.  1-350". 

0.  radians. — Discoid,  red,  surrounded 
by  long  radiating  setns.  In  salt  or  brack- 
ish water.  1-520". 


Perty  brings  forward  the  following  as  new  species,  belonging  to  true  O.tv/- 
tricha,  characterized  by  severally  having  a  round  posterior  extremity : — 

0.  proteusa  (Perty). — Very  long,  and  longer  than  broad.  It  is  sometimes 
subpylindric.nl;   nine   to  twelve  times    actuallv  four-sided,  with  wide  upper  and 

2  T 


642 


SYSTEMATIC  HISTOHY  OP  THE  INFUSOKIA. 


under  surfaces.  Moutli  a  rather  curved 
and  ciliated  fissure.  Cilia  very  fine, 
those  of  the  upper  surface  the  more  di- 
stinct, although  faint.  Small  specimens 
are  coloiu'less  and  transparent ;  but  larger 
ones  have  dark  grey  molecules  or  chloro- 
phyll within.  Movements  tolerably  ac- 
tive. Pei-ty  once  thought  this  species 
and  Trachelius strictus  (Duj.)  to  be  young 
individuals  of  Spirostomum,  but  he  subse- 
quently foimd  examples  1-84"  in  length. 

0.  gallina  (Perty)  =  Trichoda  galHna 
(?)  (Miiller). — Anterior  portion  hyaline, 
flat,  with  laJge  cilia;  molecules  grey. 
Only  once  seen. 

0.  decmnana  (Perty). — Outline  rather 
irregular;  rather  smaller  in  front  than 


behind,  broadest  in  the  middle;  ends 
rounded ;  upper  sm-face  slightly  convex, 
lower  flat.  Mouth  wide.  It  difiers  in 
size  from  0.  platystoma  and  in  its  out- 
line both  from  that  species  and  O.  fusca. 
In  length  it  equals  Urostyla  grandis,  but 
is  much  broader.  Bem,  in  ponds.  1-96". 

O.  fusca. — NaiTow,  elliptical,  upper 
surface  convex,  lower  concave.  Oral 
orifice  wide.  Colour  usually  yellowish 
or  blackish-brown.  Lives  in  stagnant 
and  moiddy  water.  Cilia  in  front  and 
about  the  mouth  strongest ;  but  no  uncini 
occur  there.  Urostyla  graiidis  differs 
from  it  by  the  uncini  on  its  border. 
1-160"  to  1-84". 


Genus  CEEATIDIUM  (XXV.  338,  339).— Ciliated,  with  horns  on  the 
frontal  region,  but  no  styles  or  uncini.  Little  of  theii'  organization  is  known ; 
and  therefore  their  systematic  position  is  uncertaiii.  A  power  of  not  less 
than  350  diameters  is  required  to  examiae  these  creatures. 


Cbratiditjm;  cuneatum  (xxv.  338, 
339). — Body  triangular ;  front  tnmcated, 
as  also  the  two  horns ;  upper  side  smooth. 
Ehi-enberg  found  this  whitish  animalcule 
in  1820,  amongst  Confervas,  but  had  not 


lately  seen  it.  Dujardin  believes  it  to 
have  been  a  mutilated  Oxytricha.  It 
vibrates,  runs,  and  climbs  quickly. 
1-430". 


Genus  KEEONA  (XXY.  340,  341). — Cilia  and  uncini  present,  but  no 
styles.  Body  soft,  flexible,  oval,  flattened,  and  ciliated,  with  claws  (uncini), 
and  perhaps  setse,  on  the  tinder  surface.  Vacuoles  numerous ;  the  oral  (and 
probably  the  anal)  aperture  is  upon  the  ventral  surface.  One  or  more  con- 
tractile vesicles  and  a  nucleus  have  been  seen;  but  self-division  has  not 
been  observed. 

This  genus,  instituted  by  Miiller,  was  at  flrst  adopted  by  Ehrenberg  with 
little  modiflcation ;  but  subsequently  he  transposed  almost  all  its  species  to 
Ms  genus  StylonycUa,  on  account  of  their  possessing  styles  as  well  as  uncini. 
This  can  scarcely  be  considered  a  sufacient  reason  for  the  construction  of  a 
new  genus;  and  accordingly  Dujardin  rejects  StylonycMa,  and  thus  restores 
the  genus  Kerona  nearly  to  its  original  importance.  As  akeady  noted,  he 
likewise  adopts  Kerona  as  the  representative  of  his  family  Keronina.  Perty 
coincides  with  the  Erench  naturalist,  and  rejects  both  Ceratidium  and  Stylo- 
mjchia,  treating  the  species  of  the  latter  as  examples  of  Kerona.  He  remarks 
that  Ehrenberg  has  very  needlessly  changed  the  name  Kerona,  given  by  Miiller, 
for  that  of  StylonycMa. 

The  Keronce,  thus  understood,  differ  from  Oxytricha  only  in  the  form  of 
their  cirrhi  or  processes,  the  base  of  which  is  commonly  dilated  in  the  fonn 
of  a  transparent  globe,  and  moveable  vsdthal.  Moreover  they  ai-e  equally 
voracious,  are  abundant  in  stagnant  water  and  infusions,  and  capable  of 
being  much  varied  in  form. 


Kerona  pohjpmtim.  —  Whitish,  de- 
pressed, elliptical,  and  reniform;  _a  series 
of  cilia  sun-ounds  the  ft-ontal  region,  ex- 
tended from  beneath  the  mouth.  Ehren- 
berg counted  above  fortv  vacuoles,  many 
of  them   filled  with  brownish  (halt- 


digested  gi-een)  Monads,  (xxv.  340  is 
a  back  view,  and  341  a  side  view, 
climbing.)  Parasitic  on  Hydra  vulgaris 
{Microscopic  Cabinet,  p.  7).  Animals 
infested  with  them  die.  1-144". 
Tliis  species  is  the  type  of  a  geniLS  named 
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Alustor  in  Perty's  system,  detached  from 
other  Ciliata  by  reason  of  its  parasitic 
habits,  and  placed  with  Fluff iotoma  (Duj.) 
and  Opalina  in  a  family  named  Cobiiliua. 

K.  pustulata  (I)\\].)  =  8tylomjchia  pus- 
ttdata. 

K.  Hktrio  (Dui.)  =  'S!.  Histrio. 
K.  Mytiltis  (Duj.)  =  'S'i!;.  Mytilus. 
K.  Silurus  (Duj.)  =  'S';!.  Silwus. 
K.  lunceolata  =  St.  lanceolata. 


K.  Calvitmn  (Miill.),  K-  fimhriata 
(Miill.))  find  Trichoda  fovetda  and  Tr. 
Camdus  (Miill.),  are  probably,  according_ 
to  Dujardin  and  Perty,  mere  varieties  of 
K.  pustidata. 

K.  Pidlaster  (Miill.)  is  cited  by  Ehren- 
berg  as  =  Oxytricha  Pidlaste);  but,  as 
Dujardin  thinks,  is  only  an  imperfectly- 
examined  or  a  deformed  specimen  of 
St.  pustulata. 


Genus  UROSTYLA  (XXV.  342).— Cilia  and  styles  present,  uncini  want- 
ing ;  the  cilia  are  thickly  disposed  in  numerous  rows,  and  are  longer  near 
the  mouth.  On  the  ventral  sui'face,  at  the  posterior  end,  is  a  small  cleft, 
provided  with  non-vibratile  setae.  Internally  are  numerous  vacuoles,  which 
may  be  filled  with  particles  of  colour  ;  a  nucleus,  a  contractile  vesicle,  and 
deUcate  granules.    Transverse  self-division  has  been  observed. 


Ubostyla  grandis  (xxv.  342).  — 
White,  semicylindrical,  rounded  at  the 
ends ;  slightly  enlarged  antei-iorly,  hence 
club-shaped ;  styles  short ;  mouth  large, 
one-fourth  to  one-third  the  length  of  the 
body.  It  has  long  cilia  on  both  sides ;  the 
discharging  orifice  has  fi'om  five  to  eight 
little  styles  on  the  left  side  only  ;  sto- 
mach-jiuce  colourless.  The  young  ani- 
malcules are  flatter  than  the  old  ones, 
(xxv.  342,  an  under  view  with  glands, 
vesicle,  and  the  cells  filled  with  Bacil- 
laria  and  colom-ed  matter.  CmTents 


produced  by  the  vibration  of  the  cilia 
about  the  mouth  are  also  indicated  in 
the  drawing.)  On  slimy  dead  sedge- 
leaves.  1-144"  to  1-96".  Perty  doubts 
the  independent  specific  character  of  this 
form,  and  would  rather  consider  it  a 
variety  of  Oxytricha  fusca,  or  more  pro- 
bably of  O.  platystoma  in  a  fm'ther  deve- 
loped state ;  for  Ehrenberg  admits  that 
the  uncini  at  the  posterior  exti'emity  are 
small ;  and  if  so,  they  can  scarcely  be 
chai'acteristic. 


Genus  STYLOJTf CHIA  (XXY.  843,  344 ;  XXVIII.  10,  74-76 ;  XXIX. 
18). — Ciliated,  and  anned  with  styles  and  uncini  variously  disposed. 

In  one  species  Ehrenberg  thought  he  had  traced  the  course  of  the  alimen- 
tary canal  with  its  numerous  digestive  cells ;  in  the  others,  he  found,  coloured 
food  was  received.  Transverse  and  longitudinal  self-division  occurs  in  two 
species;  transverse  only  in  a  third.  In  S.  pustulata,  the  formation  of 
gemmae  is  said  to  occur.  Perty  remarks  that  Ehrenberg,  without  any  suffi- 
cient reason,  has  transferred  many  of  the  Keronce  of  Miiller  to  Stylonychia. 
The  granules  and  molecules  are  numerous,  and  often  in  heaps ;  one  or  two 
nuclei  and  a  contractile  vesicle  are  generally  visible. 


Stylonychia  Mytilus  {Trichoda  My- 
tilus, Kerotia  Mytilus,  M.  and  Perty) 
(xxviii.  10).  —  White,  flat,  oblong, 
slightly  constricted  in  the  middle,  ob- 
liquely dilated  anteiiorly  in  the  form  of 
a  mussel.  The  extremities  are  so  trans- 
parent that  they  give  it  the  appearance 
of  being  covered  with  a  shield ;  but  they 
are  soft,  flexible,  and  ciliated.  Dujardin 
observes  that  the  integumentary  .appen- 
dages are  very  long,  consisting  of  a  row 
of  strong  cUia  in  front,  a  seiies  of  uncini 
and  numerous  styles  behind.  The  line 
of  cilia  leading  to  the  mouth  does  not 
reach  the  centre  of  the  body.  Its  extre- 
mities are  so  thin  and  flexible  that  thoy 
yield  before  obstacles  in  their  move- 
ments, like  the  Ploesconia  Patella.  It 


diflers  little  from  S.  (K.)  pitstuluta,  ex- 
cept in  size  and  the  strength  of  its  super- 
ficial processes.  The  middle  of  the  body 
is  sometimes  filled  with  delicate  white 
gramdes.  Often,  however,  as  Perty  men- 
tions, the  animalcule  is  coloured  green 
with  chlorophyll  received  in  its  food. 
This  animalcule  generally  has  a  peculiar, 
thrustmg,  forward-and-back  movement, 
but  can  climb,  run,  and  swim  nimbly, 
usually  with  the  back  undennost.  Ehr- 
enberg foimd  that  a  single  animalcule 
lived  nine  days :  during  the  first  twenty- 
four  hours  it  was  developed  by  transverse 
self-division  into  three  animals;  these 
in  twenty-four  hours  more  formed  two 
each,  in  the  same  manner;  so  that,  by 
self-division  only  (without  ova),  these 
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animalcules  increase  three-  or  fom'fold 
in  twenty-four  hours,  and  may  thus  pro- 
duce a  million  from  a  single  animalcule 
in  ten  days.  An  abmidant  supply  of  food 
favours  self-division.  In  infusions  and 
amongst  Oscillalorice,  &c.,  in  stagnant 
mai-sh-water.   1-240"  to  1-96". 

S.  pustulata  (Trichoda  Acancs,  M.;  Xe- 
rona  pustulata,  Duj.). — White,  turbid, 
elliptical  or  oval  compressed,  attenuated 
at  both  ends,  and  having  a  band  of  im- 
cini  at  the  middle  of  the  belly.  Ehren- 
berg  has  seen  transverse  and  longitudinal 
division,  and  the  growth  of  gemniEe.  In 
infusions  and  stagnant  marsh-water. 
1-144".  This  species  has  been  seen  in  the 
encysted  state  by  Stein  and  Schneider 
(xxDC.  18).  The  white  colour  is  no  cha- 
racteristic, since  it  is  frequently  green 
from  food  received.  Schneider  {A.  N.  H. 
2  ser.  xiv.  p.  328)  obsei-ves  that  after 
exclusion  fi-om  their  cysts  they  present 
a  remarkable  resemblance  to  Oxytricha 
caudata  ;  the  posterior  extremity  in  par- 
ticular is  always  bent  round  in  the  man- 
ner represented  by  Ehreuberg.  Pineau 
calls  this  animalcule,  in  his  history  of  a 
transformation  of  Vm-ticella,  by  mistake 
an  Oxytricha  (see  Ann.  d.  Sc.  Nat.  1848, 
ix.).  Cienkowsky,  however,  regai-ds  both 
this  species  and  ^if.  lanceolata  as  phases  of 
existence  of  the  same  being  as  Oxytricha 
Pellionella  and  O.  gihha. 

S.  Silui-us {Trichoda  Silurus,  Kerona  Si- 


lurus,lSl.,  Du  j .,  and  Perty). — Smal],white, 
of  the  form  of  a  mussel;  cilia  and  uncini 
rather  long.    In  fresh  water.  1-280". 

S.  appendiciduta.  —  Elliptical,  white, 
small,  and  flat ;  cilia  and  styles  long ;  the 
setiE  disposed  obliquely  in  fascicles.  In 
fi-esh  water.  1-280". 

S.  Histrio  (Paramecium  Histno,  Ke- 
rona Histrio,  M.  and  Perty). — Elliptical, 
white;  middle  slightly  turgid,  termi- 
nated anteriorly  by  a  cluster  of  uncini ; 
no  setse.  Ehrenberg  states  that  the  ab- 
sence of  the  three  posterior  setse  in  this 
and  the  following  species  is  remarkable, 
inasmuch  as  the  others  possess  them. 
Fission  ti'ansverse.  Amongst  Confervse. 
Dujardin  is  inclined  to  regard  this  as  a 
mere  variety  of  S.  (Kerona)  2mstulata. 

S.  lanceolata.  {=  Kerona  lanceolata, 
Duj.  and  Perty)  (xxv.  34-3,  344).— Pale 
greenish ;  lanceolate  in  shape,  extremities 
equally  obtuse,  under  side  flat ;  it  has  a 
cluster  of  uncini  near  the  month,  but  no 
styles.  Ehrenberg  saw  in  one  specimen 
a  simple  contractile  vesicle  on  the  left 
side,  below  the  mouth,  and  near  it  a 
large  oval  gland.  Green  Monads  and 
BaciUaria  may  be  seen  in  this  voracious 
animal,  sim-oimded  with  coloiuless  sto- 
mach-juice, (xxv.  343  represents  an 
imder  view,  and  344  a  side  view.) 
Amongst  Confervse.  1-144"  to  1-120". 
(See  note  on  St.  pmtulata.)  Encysted 
state  observed  (xxvm.  74-76). 


Genus  HALTEEIA  (Duj.)  (XXVI.  31).— Body  nearly  globular  or  tiu'bi- 
nate,  sim-ouuded  by  long,  very  fine,  retractile  cilia,  which  adhere  to  the  glass, 
and  by  their  sudden  contraction  enable  the  animal  to  change  its  place  briskly, 
as  if  by  leaping ;  a  row  of  very  strong  oblique  cilia  occupies  the  cii'cum- 

The  type  of  this  genus  is  Ealteria  Grandinella  (XXVI.  31  a,  b,  c),  called 
by  Ehrenberg  Triclioclina,  and  placed  by  him  in  the  family  Vorticellina, 
along  with  species  totaUy  different.  Dujardin,  however,  more  con-ectly 
refers  them  to  the  family  called  Keronina  (see  p.  640). 

Genus  MITOPHOEA  (Perty)  (XXVIII.  46,  47).— Body  smaU,  thicker 
behind,  having  on  one  side  a  row  of  large  cilia,  and  posteriorly  a  filament  of 
nearly  the  length  of  the  body,  and  either  with  a  simple  or  a  slightly  nodose 
extremity. 

Mitophoha  diihia  (xx'^an.  46,  47).—  |  the  other.    Movement  sluggish,  revolv- 
Hyaline ;  sometimes  filled  with  green  ing.    It  has  some  reseniblance  to  Tn- 
corpuscles ;  with  the  characteristic  raw  choda  prcecqis  (M.).  1-450". 
of  krger  cilia  along  one  side,  and  few  on 

Genus  STICHOTRICHA  (XXVII.  43,  44).— Lancet-shaped,  cylindi-ical, 
elongated  anteriorly  and  flat ;  mouth  at  this  portion  ;  on  one  side  an  obhque 

row  of  cilia.  ,  „  . 

Stichoteicha  secunda  (xxvra.  43,  I  molecules  or  chlorophyll-grams :  cy  ni- 
44>_Hyaline;  usually  filled  with  grey  I  drical  or  rather  compressed,  romided  or 
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truncate  behind.  Cilia  on  ventral  sur- 
face short,  longer  before  and  behind; 
it  swims  rather  actively,  revolving  at  the 


same  time ;  sometimes  it  crawls.  1- 
1-180". 


240" 


FAMILY  XII.— EUPLOTIFA  ob  EUPLOTA. 

(XXV.  345-353;  XXVI.  22,  30). 

Loricated ;  alimentary  canal  with  tAVO  separate  orifices,  neither  of  which 
is  terminal.  Organs  of  locomotion  highly  developed,  similar  to  those  of  the 
preceding  family. 

This  family  bears  a  general  resemblance  to  the  genns  Aselhis^  among  the 
highly-developed  Entomostraca.  Organs  snbsei-vient  to  nutrition  are  di- 
stinctly seen  in  three  genera ;  and  one  is  remarkable  by  having  a  cylinder  of 
wand-like  teeth,  and  a  beautiful  rose-colom-ed  digestive  juice,  like  that  seen  in 
Nassula.  Granules  and  a  nucleus  are  found  in  two,  and  a  contractile  vesicle 
in  three  species;  self- division,  transverse  and  longitudinal,  has  been  ob- 
served in  one  ;  but  gemmae  are  not  produced.  One  foi-m  is  green,  the  others 
are  coloiu'less  or  whitish.    This  family  comprises  the  following  genera : — 

'  Teeth   f  ^^^^  distinguished  from  the  body    Discocephalus. 

^lo  st^ks  '  '  ^^^^^^  >■  ^^^^      distinguished  from  the  body   Himantophorus. 

^  Teeth  present    Clilamidodon, 

With  ciha,  claws,  and  styles      Euplotes. 


This  family  Euplotina  corresponds  in  part  with  that  of  the  Ploesconiens 
of  Dujardin,  which  includes  animalcules  of  an  oval  or  reniform  depressed 
figiu'e,  not  contractile,  but  only  slightly  flexible,  and  invested  mth  an  appa- 
rent shield  (lorica),  which,  however,  undergoes  difHuence  lilce  the  softer 
parts.  Mouth  furnished  with  vibratile  ciha,  and  often  also  with  cu'rhi,  in 
the  form  of  styles  or  moveable  hooks .  They  swim  by  means  of  the  vibratile 
ciha,  or  crawl  by  the  aid  of  the  other  appendages. 

The  Ploesconiens  are  distributed  into  five  genera  : — Ploesconia  and  Chlami- 
doclon,  with  a  visible  mouth,  the  latter  also  having  teeth ;  DiopJirys  and  Goc- 
cudina,  without  visible  mouth:  in  the  former  the  cii-rhi  or  processes  are  grouped 
at  the  two  ends,  in  the  latter  they  cover  the  under  surface ;  Loxodes  has  only 
vibratile  ciha. 

The  animalcules  of  the  genus  Ploesconia  seem  for  the  most  part  identical 
with  the  Euplotes  of  Ehrenberg ;  but,  as  the  identification  is  in  some  cases 
uncertain,  and  as  several  new  species  are  described  by  Dujardin,  we  shall 
subjoin  Ploesconia,  as  an  appended  genus,  along  with  Diophrys  and  Coccuclina. 

Perty  adopts  the  family  Euplota,  which  he  prefers  to  call  Euplotina,  and 
also  comprehends  in  it  the  Aspidiscina  (Ehi-.)  and  the  PIo3sconiens  (Duj.). 
Its  genera  are— Euplotes,  Himantophorus,  Coccudina  (Duj.),  anA  Aspidisca. 

Genus  DISCOCEPHALUS  (XXV.  345,  346).— Styles  and  teeth  wanting, 
but  uncini  present ;  the  head  is  also  distinguishable  from  the  bodv.  The 
organization  is  unknoAvn,  only  the  non-vibratile  uncinated  locomotive  organs 
ha\Tng  been  specially  observed,  the  characteristic  species  having  been  only 
casually  examined  by  Ehrenberg  during  his  travels  in  the  East.  The  geuus. 
therefore,  must  be  held  a  doubtful  member  of  this  family. 
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DiscocEPHALUs  rotiitorius  (XXV.  345, 
346). — Transparent;  head  smaller  tlian 
the  body ;  mouth  rounded  at  both  ends. 


(xxv.  345  is  an  imder-,  and  xxv.  346  a 
side-view.)    In  the  Ked  Sea.  1-380". 


Genus  HIMANTOPHOEUS  (XXV.  347,  348).— Distinguished  by  the 
absence  of  stylos  and  teeth,  by  having  numerous  uncini,  and  by  the  head 
not  being  distinct  from  the  body.  The  long  bent  hooks,  generally  in  pairs, 
appear  like  a  broad  band  upon  the  under  side,  and  serve  as  organs  of  loco- 
motion ;  near  th.em  is  a  row  of  cUia  extending  from  the  mouth  to  the  middle 
of  the  body.  The  mouth,  discharging  orifice,  and  mmierous  vacuoles  are 
distinct.  At  the  posterior  margia  is  a  large  contractile  vesicle ;  between  the 
row  of  cUia  and  margin  on  the  right  is  a  series  of  glandular  (?)  spots.  Self- 
division  has  not  been  observed. 


HiMANTOPHORUS  Cluwon  (M.)  (xxv. 
347,  348). — Transparent,  fiat,  elliptical, 
anteriorly  slightly  truncated  obliquely  ; 
cilia  short,  imcini  short  and  slender.  The 
mouth  commences  anteriorly,  at  the 
lower  angle  of  the  triangailar  bright  spot ; 
but  the  true  oesophageal  opening  appears 
to  be  within  the  curved  lorica,  at  the 


end  of  the  dorsal  row  of  cilia ;  the  anal 
opening  is  near  the  base  of  the  last 
cluster  of  four  to  six  comb-lilte  uncini, 
which  supply  the  place  of  styles,  (xxv. 
347  is  a  side-,  and  xxv.  348  an  under- 
view.)  In  stagnant  water  and  ponds, 
amongst  decayed  leaves.  1-180". 


Genus  CHLAMIDODOlSr  (XXV.  349).— Ciliated  mouth,  provided  with 
teeth ;  styles  and  uncini  absent ;  an  oval  transparent  lorica  or  shield  covers 
the  back,  and  projects  around  it;  a  margin  of  cilia  sun-ounds  the  body;  they 
are  longer  near  the  brow;  short  climbing  setae  probably  exist  posteriorly 
between  the  cilia.  There  are  distinct  vacuoles,  as  also  vesicles  contatmng  a 
beautiful  rose-coloured  fluid  ;  the  mouth  has  a  hollow  cylinder  of  wand-like 
teeth.  Internally  are  minute  green  granules  and  a  large,  oval,  bright  central 
nucleus.    Self-c^ivision  unknown. 


CHLAMiDODONilfwe??iosywe  (xxv.  349). 
— ^Flat,  elliptical,  sometimes  dUated  an- 
teriorly, as  shown  at  xxv.  349.  _  It  is  of 
a  clear  green  or  hyaline  hue,  with  bril- 
liant rose-coloiued  vesicles;  delicate 
longitudinal  lines  are  seen  upon  the  siu'- 


face  of  the  animalcule,  and  appear  to  be 
situated  on  the  lorica.  Ehrenberg  counted 
sixteen  wand-lilie  teeth,  disposed  cylin- 
di'icaUy.  The  movement  is  qiuck  and 
poweiful,  as  in  Euphtes.  With  Zostera 
and  Scytosiphon.  1-570". 


Genus  ETJPLOTES  (XXV.  350-353).— Locomotive  organs  highly  deve- 
loped and  variou.s,  in  the  form  of  cilia,  styles,  and  uncini,  but  teeth  wanting. 
Digestive  vacuoles  have  been  filled  in  four  species  with  coloui-ed  food ;  the 
termination  of  the  alimentary  canal  is  indicated  in  one  species  by  the  dis- 
charge, in  the  rest  by  the  projection  of  the  little  shield;  the  digestive  juice 
is  colourless ;  oval  or  round  simple  nuclei  occiu'  in  thi-ee  ;  a  single  contractile 
vesicle  exists  in  five,  and  in  a  sixth  two  such.  Self-division,  transverse  and 
longitudinal,  has  been  observed  in  one  species,  and  transverse  only  in  two  or 
four  others.    (See  general  remarks,  p.  645  ;  and  Plcesconia,  p.  647.) 

Perty  makes  the  remark  that  some  of  the  assumed  species  of  Euplotes  may 
be  jnodifications  of  the  same  being,  due  to  pressure  between  the  glasses 
during  examination,  since  the  so-caUed  lorica  is  only  relatively  hard.  Ihe 
lorica  has  the  form  of  a  carapace  or  shield,  covering  only  one  surface,  leaving 
the  under  one  free.  "  The  styles,  which  are  trailed  along,  are,"  says  Lach- 
mann  "  split  up  at  the  apex  into  as  many  as  eight  parts  in  many  species,— 
.  E  Patella,  in  wliich,  too,  one  style  bears  a  number  of  small  lateral 
branches." 
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EtTPLOTES  Patella.  —  Lorica  lai-go, 
neai'ly  circular,  slightly  truncated  ante- 
riorly ;  moi'ffin  ti-ansparent,  broad ;  back 
elevated,  gibbous,  and  covered  with  a 
few  delicate  smooth  stiiss.  The  mouth 
is  cUiated  on  each  side ;  the  oesophagus 
is  neai-  the  side,  below  the  middle  line, 
the  discharging^  orifice  behind  the  base 
of  the  stj'les.    With  Lemufe.  1-280". 

E.  Charon  (Trichoda  Cliaron,  M.) 
(xxv.  350-353). — Lorica  small,  ovate- 
elliptical,  slightly  truncated  anteriorly, 
and  having  granular  stiise  on  the  back ; 
twenty  to  forty  cUia  were  counted  by 
Ehrenberg,  but  no  set£e;  a  conti-actile 
vesicle  and  one  or  more  nuclei  have  been 
seen.  In  standing  water  and  infusions. 
Schneider  has  seen  it  in  the  encysted 
condition.  1-280". 

E.  striatum. — Oblong,  elliptical,  slightly 
truncated  anteriorly,  uncini  only  upon 
the  posterior  part  of  the  body;  four 
smooth  striae  upon  the  back.  Fission 
longitudinal.  In  sea- water,  but,  accord- 
ing to  Perty,  also  in  freshwater  ponds, 
&c.  1-240." 

E.  appendiculatus. — Ovate-oblong,  ends 
roimded,  provided  with  oblique  styles 
and  four  straight  setae  upon  the  posterior 
part  of  the  body.  In  fresh  and  sea  water. 
1-240". 

This,  says  Stein,  is  the  Plcesconia  lon- 
giremis  of  Dujardin. 


E.  tnmcatus.—Ohlon^,  with  smooth 
striae ;  unequally  truncated,  and  notched 
anteriorly.  It  has  setae  and  numerous 
uncini.  The  styles  are  straight.  In  sea- 
water.  1-240". 

Both  this  and  the  preceding,  Perty  be- 
lieves to  be  phases  of  development  of 
JE.  Cliaron  and  striatus. 

E.  monostylus. — Elliptical,  ends  round- 
ed, no  striae.  It  has  a  single  style,  like 
a  tail,  but  no  imcini.  In  sea-water. 
1-400". 

E.  aculeatus. — Oblong,  nearly  square, 
ends  rounded;  it  has  two  crests  upon 
the  back,  one  bearing  a  little  spine  in  the 
middle.  In  sea- and  pond- water.  1-430". 

E.  turritus. — Smooth,  neaily  circular ; 
it  has  a  long  erect  spine  on  the  centre  of 
the  back.    1-600"  to  1-430". 

E.  Cimex  {Trichoda  Cimex,  M.). — Ob- 
long elliptical,  and  smooth,  provided 
with  cUia,  styles,  and  uncini.  In  sea- 
water,  and,  says  Perty,  in  fresh  pond- 
water.  1-430". 

E.  viridis. — Large  (ample),  oblong, 
truncate  in  front,  with  a  central  obtuse 
tooth,  dorsum  flat;  gi-anules  green. 
1-480".  Berlin. 

E.  aMnis  (Perty)  =  Plcesconia  aMnis 
(Duj.). 

E.  subrotundus  (Perty)  =  Ploescoma 
mlrotunda  (Duj.). 


Genus  PLCESCONIA  (Duj.). — Body  oval,  more  or  less  flattened,  enclosed 
by  an  apparent  lorica,  marked  by  longitudinal  ribs,  fiirnislied  mostly  on  one 
of  its  plane  surfaces  with  scattered,  fleshy,  thick  processes  in  the  form  of 
stiff  hairs,  or  of  non-vibratile  hooks,  yet  moveable  and  serving  the  pui'pose 
of  feet ;  on  the  other  surface,  with  a  row  of  vibratile  cilia  regularly  placed, 
and  becoming  finer  as  they  recede  from  the  anterior  towards  the  posterior 
end,  where  the  mouth  is  situated,  and  in  the  direction  of  which  they  vibrate. 

"  In  my  opinion,"  adds  Dujardin,  "  a  Plcesconia,  notwithstanding  its  ap- 
parent complexity  of  structure,  is  yet  an  animal  as  simply  organized  as  those 
previously  considered — ^having  a  simple,  fleshy,  homogeneous  substance,  which 
assumes  during  life  a  rather  complex  form,  but  loses  it  at  the  moment  of 
death,  having  no  membrane  or  fibre  to  sustain  it.  The  ciHa  or  cirrhi,  though 
of  varied  form,  are  still  of  the  same  natiu-e,  and,  I  should  say,  of  nearly  the 
same  consistence.  They  have  a  mouth  also,  but  no  anus ;  vacuoles  are  formed 
at  the  bottom  of  the  mouth,  as  a  result  of  an  impulsive  force  produced  by  the 
vibratile  cilia  on  the  surrounding  liquid,  or  they  may  be  hollowed  out  in  any 
part  beneath  the  surface ;  lastly,  disseminated  through  the  mass  ai-e  granules 
varymg  in  kind,  and  which  I  cannot  admit  as  determinate  organs  nor  as  ova." 

We  much  doubt  the  necessity  of  creating  this  new  genus,  since  all,  or 
nearly  all,  the  species  referable  to  it  might  be  arranged  wdth  Euplotes.  Steiu 
treats  Plcesconia  as  synonymous  with  Euplotes  (Ehr.),  but  would  retain  the 
former  term  to  designate  a  new  genus  represented  l)y  PI.  Scutum  (Duj.),  a 
species,  indeed,  which  is  marked  by  the  French  natiu-aJist  as  a  doubtful 
member. 
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Tt  will  be  observed  that  Dujardin  denies,  as  -usual,  tlie  existence  of  an 
anus ;  tbis  aperture  is,  boAvever,  generally  stated  to  be  found  on  the  ventral 
surface,  near  the  posterior  extremity. 


Plcesconia  Patella— Euplotes  Patella 
(Ehr.). 

P.  Vannus. — Depressed,  oblong,  oval; 
very  transparent,  smooth,  without  stiite, 
5  to  8  anterior  hooks  ;  and  7  to  8  straight 
styles  behind.    In  sea-water.  1-218". 

P.  (?)  Scutum. — Larger  than  the  pre- 
ceding, with  the  band  of  vibratile  cilia 
extending  further  backwards,  and  the 
posterior  stjdes  inhected  and  sinuous. 

"  This  species,"  says  Stein  (p.  158), 
"  differs  from  the  other  Euplotes  both  in 
having  prehensile  cilia  (imcini)  not  only 
on  the  ventral  siu'face,  at  the  poste- 
rior portion  of  the  body,  but  also  on  the 
dorsal  sm-face,  and  in  many  other  pecu- 
liarities." 

P.  halteata. — Oval,  rather  narrower  in 
fi'ont,  diaphanous,  with  5  stria3  (ribs) ; 
the  band  of  cilia  extending  five-sixths 
the  length  of  the  body;  styles  few,  feeble. 
In  sea- water ;  no  hooks,  as  in  P.  Vannus. 
1-325". 

P.  Citliara. — Oval,  with  ten  regidarlj' 
disposed  well-marked  ribs;  the  row  of 
cilia  semicircular,  extending  two-thirds 
its  length ;  styles  not  long,  and  almost 
confined  to  the  posterior  extremity. 
In  stagnant  sea-water.  1-290"  to  1-275". 

P.  crassa. — Oval,  oblong;  thick,  but 
diaphanous,  with  some  faint  signs  of  ribs ; 
the  band  of  cilia  little  cm'ved,  and  ex- 
tending one-half  the  length;  6  to  8  cirrved 


styles  at  anterior,  and  5  to  7  straight 
ones  at  posterior  extremity.  With  the 
preceding,  in  sea-water.  1-362". 

P.  Cliaron. — Irregularlj'  oval,  truncate 
in  fi'ont,  narrower  behind,  with  well- 
marked  in-egidar  ribs;  styles  long,  not 
curved.  Differs  much  from  Euplotes 
Charon  (Ehr.). 

P.  affinis. — Differs  from  P.  Cliaron,  by 
its  habitat  being  in  fresh  water,  and  by 
having  its  anterior  poi-tion  narrower, 
whilst  its  posterior  is  more  rounded  and 
less  plaited. 

P  (?)  si(brotunda. — O^^al,  thick,  gi-a- 
nular  within ;  no  distinct  ribs ;  truncated 
and  fissvu'ed  in  front;  stjdes  long,  thin  at 
each  end.  In  infusions.  1-535"  to 
1-475". 

Perty  found  it  imder  the  ice  in  a  pond 
near  the  Hospice  of  St.  Bernai-d,  and  sug- 
gests it  to  be  no  more  than  a  varietj'  of 
P.  affinis  with  indistinct  libs  (striae). 

P.  (?)  radiosa. — Longer  than  the  pre- 
ceding, l-520"to  1-395",  A^dth  long  styles 
radiating  from  each  extremitj--.  In  river- 
water. 

P.  longiremis. — Very  depressed,  iiTe- 
gularly  oval,  dilated  on  the  side  support- 
ing the  cilia,  where  it  is  more  ti-anspa- 
rent,  with  3  to  4  slightly  prominent  large 
ribs ;  styles  numerous,  verv  long  and 
flexible.  In  sea-water.  1-400"  to  1-306". 

P.  aculeata  =  Eiiplotes  aculeatus  (Ehi.). 


Genus  DIOPHETS  (Duj.)  (XXYI.  22  a,  6).— Body  discoid,  in-egular, 
thick ;  concave  on  one  side,  convex  on  the  other ;  with  long  styles  grouped 
at  each  end  :  no  month. 


DiOPHEYs  marina  (xxat:.  22  a,  b). — 
Oval,  with  a  longitudinal  excavation; 
terminated  in  front  by  5  great  vibratile 


cilia,  and  behind  by  4  to  5  veiy  long  geni- 
cidate  styles.   In  sea-water.  1-580". 


Genus  COCCUDINA  (Duj.)  (XXYI.  30  a,  &,  c).  —  Body  oval,  depressed 
or  nearly  discoid,  often  rather  sinuous  on  the  margin ;  convex,  pitted  or 
granular,  and  glabrous  above ;  concave  below,  with  vibratile  cilia,  and  styles 
or  hooks,  serving  as  feet ;  without  mouth. 

Intermediate  between  Loxodes  and  Plcesconia,  having  the  appendages  of 
the  latter,  and  the  general  figure  of  the  former.  Ehrenberg  has  left  the 
Coccudince  known  to  him  dispersed  among  the  species  of  O.vijtriclm  and 
Euplotes.    Aspidisca  should  probably  be  referred  to  this  genus. 

vibratile.  In  mai-sh-water  and  swampy 
ponds.  1-965". 

C.  crassa.  —  Oval;  lai-ger  and  appa- 
rently truncated  behind ;  conti-acted  and 
sinuous  in  front ;  convex  above,  witli 
feebly-marked  ribs ;  anterior  appendages 


CoccuDiNA  costata. — Oval,  obliquely 
contracted,  and  sinuous  in  front ;  convex 
and  fim'owed  beneath,  where  from  5  to  6 
very  prominent  tubercular  ribs  are  found, 
supporting  longcilia;  appendages  grouped 
at  ench  end;  the  anterior  thinner  nnd 
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iu  the  form  of  hooks;  posterior,  of 
strai":ht  styles.  1-20".  Marine,  among 
corallines. 

C.  pohjpoda  (xxvi.  30  a,  b,  e).— Oval, 
sinuous  in  front;  convex  above,  and 
marked  with  from  7  to  8  narrow  ribs; 
flat  below,  jmd  furnished  with  numerous 
long  and  flexible  styles.  In  stagnant 
sea-water. 

C.  Cicada. — Oval,  very  convex  above, 
gi-anular,  mthout  costas";  margin  roiind- 
ed ;  concave  beneath,  and  there  provided 
with  long  and  flexible  styles.  Appears 
the  same  as  the  Ti-ichoda  Cicada  of  Miiller, 
but  not  as  its  supposed  sj'nonym  Oxy- 


tricha  Cicada  (Ehr.),  which  is  like  the 
Cocntdina  costata  rather  than  C.  Cicada. 
1-812". 

C.  (?)  Cimex = Stylonychia  Cimex(E[n.). 

C.  reticulata.— A-  name  provisionally 
applied  to  an  animalcule  found  iu  the 
Seine,  having  a  granular  and  reticulated 
surface,  and  large  styles  at  each  end. 
1-578". 

C.  crystallina  (Party). — Hyaline,  with 
from  6  to  7  long  costse  on  the  dorsimi, 
and  very  short  cilia.  Outline  round.  The 
costse  are  less  elevated  than  in  C.  costata. 
Wet  moss  and  tui'f  on  the  Alps.  1-900" 
to  1-600". 


OF  THE  GROUP  ROTATORIA  (p.  392). 

(Plates  XXXII.-XL.,  and  part  of  XXV.) 

Those  animalcules  which  are  included  in  the  great  division  Eotatoria  are 
either  destitute  of  a  nervous  system,  or  have  merely  an  isolated  ganglion 
near  the  head,  representing  the  brain,  Tvith  a  few  nervous  threads  proceeding 
fi'om  it  to  the  body.  They  have  no  pulsating  heart,  nor  true  blood-vessels  in 
which  the  blood  circulates.  The  fluid  apparently  representing  the  blood 
occupies  the  cavity  of  the  body  and  bathes  the  external  surfaces  of  the  various 
viscera,  as  in  the  lower  Crustacea.  The  alimentary  canal  is  tubular,  varioiisly 
constricted  at  intei-vals,  often  divided  into  segments,  each  of  which  appears  to 
perform  special  functions.  One  segment,  near  the  upper  extremity  of  the 
canal,  is  provided  with  a  pair  of  moveable  appendages,  between  which  all  the 
food  swallowed  has  to  pass,  and  which  may  be  regarded  as  teeth  or  jaws, 
probably  analogous  to  the  gastric  teeth  of  Crustaceans.  In  many  species 
there  are  caecal  prolongations  of  the  stomach  ;  whilst  the  walls  of  the'organ  are 
thick  and  cellular,  having  a  glandular  aspect.  The  alimentary  canal  is,  with 
some  remarkable  exceptions,  furnished  with  an  orifice  at  each  extremity,  or 
mouth  and  anus,- — the  latter  usually  openmg  into  a  cavity  termed  the  cloaca, 
or  common  outlet  for  the  mtestine,  the  oviduct,  and  the  (so-caUed)  water- 
vascular  canals.  The  interior  of  the  canal  is  variously  supplied  with  cilia, 
which  are  in  constant  motion.  The  cascal  and  celk^ar  appendages  are  sup- 
posed to  be  glandular ;  but  their  functions,  as  well  as  relations  to  the  Kvcr 
and  other  chylopoetic  organs  of  higher  animals,  are  doubtful. 

The  character  and  instruments  of  the  respiratory  functions  in  the  Kotatoria 
are  alike  doubtful,  but  most  probably  they  arc  performed  by  the  water  ^•as- 
cular  canals.  These  are  two  slender  tubes  (XXXVI.  6  e,  q)  springing  from 
the  cloaca  near  the  anal  outlet,  and  proceeding  upwards  on  each  side  of  the 
intestine  towards  the,  head,  where  they  branch,  and  sometimes  the  two 
anastomose,  at  others  probably  terminate  iu  cuh-de-sac.  These  canals  com- 
mence at  a  pulsating  organ  (XXXVI.  Q  v ;  XL.  5),  common  to  both,  and 
connected  v,ith  the  cloaca.  In  vaiious  parts  of  their  course  they  arc  fur- 
nished with  pyrifoi-m  appendages  (XXXVT.  6  n)  (tags)  varying  in  number 
from  two  to  eight  on  each  side.  In  the  interior  of  each 'tag  is  a  single 
large  cilium,  which  exhibits  an  incessant  motion,  resembling  the  flickering- 
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flame  of  a  candlo,  and  which  most  probably  promotes  the  circulation  of  the 
water  contained  in  the  canals.  This  water  is  apparently  received  from  the 
cloaca  into  the  pulsating  appendage,  and  from  it  transmitted  to  the  various 
parts  of  the  tubular  system, — a  fact  especially  confinned  by  Cohn's  observa- 
tions on  Brachionus  militaris.  Hence  these  water-vascular  canals,  with 
theii-  vibratile  appendages,  appear  designed  to  convey  streams  of  fresh  water 
to  the  Ulterior  of  the  animal,  and  thus,  by  exosmosis,  aerate  the  fluid  filling 
the  body  of  the  animal, — the  latter  being  continually  driven  to  and  fro  during 
the  active  muscular  movements  by  which  the  creature  alters  its  contour. 

The  Rotatoria  are  provided  with  a  reproductive  apparatus,  the  female 
organs  being  remai'kably  large  and  conspicuous  (XXXVI.  4/).  In  the 
majority  of  species  the  latter  is  the  only  portion  that  has  hitherto  been  dis- 
covered ;  but  in  several,  male  organs  have  been  found  on  separate  indivi- 
duals, indicating  the  bisexual  nature  of  the  class — at  least  demonstrating 
the  dioecious  character  of  some  of  the  species,  a  featiu-e  which  wiU  probably 
be  found  to  characterize  the  entii-e  family.  The  ovary  consists  of  a  very  thin 
bag  of  structureless  membrane  (XXXVI.  4/),  distended  with  clear  fluid  fuU 
of  granular  molecules,  amongst  which  are  some  cellular  nuclei.  The  latter 
successively  attract  around  them  portions  of  the  granular  fluid,  thus  forming 
ova.  In  several  species  two  distinct  kinds  of  ova  are  produced  by  the  same 
individual,  one  being  a  true  generative  product,  the  other  a  modified  ex- 
ample of  gemmiparous  generation,  and  its  growth  independent  of  any  sexual 
process.  The  ovary  commimicates  with  the  cloaca  by  means  of  a  narrow  but 
dilatable  oviduct.  In  examples  of  male  animals  that  have  been  discovered, 
there  is  a  remarkable  absence  of  aU  viscera,  except  the  organs  of  reproduction 
(XXXVI.  7,  8).  Whether  all  the  Rotatoria  are  dioecious,  or  whether  some 
are  hermaphrodite,  the  male  organs  having  hitherto  escaped  detection,  re- 
mains to  be  ascertained. 

The  bodies  of  the  Rotatoria,  unlike  those  of  the  Polygastric  Infusoria,  re- 
tain a  determinate  form,  never  developing  external  gemmae,  nor  dividing  by 
spontaneous  division.  Even  on  emerging  from  the  egg,  they  possess  aU  the 
essential  featuresof  the  matured  animal(XXXVII.  16),neither  passing  through 
a  larval  state  nor  being  subject  to  metamorphosis  Uke  Crustaceans  and  Insects. 
In  the  young  animal  some  of  the  organs,  especially  the  ciliated  disks  and 
other  external  appendages,  are  imperfectly  developed,  but  they  undergo  little 
subsequent  changes  beyond  an  increase  of  size  and  definitiveness.  Some 
organs,  as  the  red  eye-spot,  often  disappear  as  the  animal  progresses  to  ma- 
turity. The  anterior  extremities  of  the  Rotatoria  are  furnished  with  various 
arrangements  of  the  disks  or  bulbs  supporting  numerous  cilia  (XXXVI. 
1  a  and  4  a).  These  combine  to  form  the  rotatory  organs,  so  designated  from 
the  wheel-Hlce  aspect  which  they  present  when  fuUy  expanded  and  with  the 
cilia  in  motion.  Though  destitute  of  true  articulated  limbs,  some  species  (e.g.  of 
Melicerta)  have  appendages  not  unlike  the  palpi  of  Crustaceans  and  Insects,  and 
which  are  probably  tactile  (XXXVI.  18  ;  XXXVII.  17  d).  Many  forms  are 
provided  with  a  prolongation  of  the  posterior  part  of  the  body,  which  is  often 
pointed  (XXXVIII.  1),  and  with  the  articulations  slipping  into  one  another 
like  the  joints  of  a  telescope.  This  organ  is  sometimes  furnished  with  a 
terminal  disk  (XXXVll.  17  6),  and  is  used  like  the  tail  of  the  leech,  as  an 
organ  of  attachment.  In  other  cases  the  disk  is  wanting,  and  its  place  sup- 
plied by  one  or  two  digital  appendages  (XXXVI.  4  7i),  employed  as  anchors  ; 
whilst,  in  swimming,  the  entire  organ  appears  to  become  a  rudder,  regulating 
the  direction  in  which  the  animal  moves. 

The  entire  animal  is  invested  by  a  thin  peUucid  membrane,  wliich,  from 
its  extreme  tenuity  and  transparency,  readily  allows  the  examination  of  the 
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internal  organs  wliilst  the  creatm-e  is  alive  and  the  viscera  fulfilling  their 
functions,— a  cii-cumstance  that  has  even  made  these  creatiu-es  the  tavouritcs 
of  the  microscopic  observer.  .  , 

Modes  of  Observing  the  Eotatosia.— The  magnifying  powers  most  useful 
in  the  examination  of  the  Rotatoria  are  those  vai-jnng  from  200  to  40U  linear. 
For  watching  theii-  general  habits,  an  object-glass  of  a  hali-mch  focus, 
which  with  an  oyc-piece  giving  a  power  of  about  70,  is  ample ;  but  lor  ex 
amining  theii-  internal  organization,  one  of  about  300,  having  an  object-glass 
of  from  ono-thii-d  to  one-sixth  of  an  inch,  is  the  most  useful ;  for  the  special 
examination  of  more  minute  structni-al  details,  stiU  higher  powers  are  occa- 
sionally, but  not  frequently,  needed.  We  have  already  remarked  that,  fi'om 
the  transparency  of  their  bodies,  the  Eotatoria  can  be  watched  with  much 
ease,  their  internal  organs  being  distinctly  visible ;  and,  as  these  latter  are 
often  equally  transparent  with  the  general  iategument,  their  contents,  and 
the  fimctions  they  perfonn,  can  be  investigated  with  little  difaculty.  When 
their  general  habits  are  subjects  of  investigation,  it  is  obvious  they  must  be 
allowed  much  of  the  freedom  enjoyed  in  their  natural  condition.  Por  this 
purpose  they  may  be  introduced  into  a  small  phial  of  thin  white  glass  with 
a  long  narrow  strip  of  similar  material  in  its  interior ;  the  latter  being  so 
fixed  as  to  be  nearer  one  side  of  the  phial  than  the  other.  A  blade  of  grass 
or  one  or  two  stalks  of  hay  may  now  be  introduced  between  the  strip  of  glass 
and  the  proximate  side  of  the  bottle ;  these  wiU  attract  the  animalcules  and 
bring  them  within  the  range  of  the  magnifying  power.  If  the  phial  be  now 
filled  with  water  containiag  the  Rotatoria,  they  will  soon  find  their  way  to 
the  vegetable  matter,  especially  if  the  bottle  stands  for  awhile  in  the  sun, 
with  the  side  to  which  the  plant  is  affixed  turned  to  the  light.  The  whole 
may  now  be  placed  under  the  microscope  and  readily  examined  through  the 
lower  magnifying  powers.  To  some  extent,  the  same  object  may  be  more 
readily  attained  by  merely  transferring  small  fragments  of  the  half-decayed 
vegetation  floating  in  the  water  containing  the  animalcules,  along  with  a 
drop  or  two  of  the  water  itself,  to  a  glass  slide,  covering  it  over  with  a  piece 
of  thin  microscopic  glass.  But  in  this  case  the  movements  of  the  creatui-es 
are  less  free,  especially  if  they  happen  to  be  of  the  larger  kinds,  such  as  the 
Floscularice.  These  are  often  chary  of  emerging  from  their  protecting  cases 
unless  the  coast  be  clear  of  aU  impediments.  But  the  freedom  of  motion,  so 
important  to  the  accurate  observation  of  their  habits,  wholly  prevents  the 
examination  of  their  internal  structui'e.  Their  perpetual  gyi'ation  renders  it 
impossible  to  trace  either  the  forms  or  relative  position  of  the  viscera ;  con- 
sequently they  must  be  controlled.  This  may  partly  be  accomplished  by 
introducing  them  between  the  glasses  already  recommended  without  the 
intervention  of  any  vegetable  or  other  foreign  substance.  In  this  case  care 
must  be  taken  to  adjust  the  relations  between  the  size  of  the  thin  glass 
covering  and  that  of  the  drop  of  water.  If  the  former  be  large  and  the  latter 
small,  the  chances  are  in  favour  of  the  animalcules  being  crushed.  If  these 
conditions  are  reversed,  their  motions  will  not  be  sufficiently  resti-ained, 
neither  can  the  water  be  preserved  from  distm-bance  and  vibration.  Hence 
care  in  hitting  the  medium  of  these  conditions  is  essential.  The  smaller  tho 
drop  of  water  the  thinner  will  be  the  fluid  fihn  when  the  protecting  glass  is 
placed  upon  it,  and  the  more  effectually  will  the  vagrant  habits  of  tho 
creatures  be  controlled.  Sometimes  it  becomes  necessary  to  rupture  tho 
animals  by  further  compression,  even  whilst  under  examination.  The  diffi- 
culty is  to  accompUsh  this  without  forcing  them  out  of  the  field  of  the  instru- 
ment. It  may  be  accomplished  by  means  of  a  common  sewing  needle  fitted 
into  a  handle,  by  which  pressure  may  be  applied  gently  but  fii-mly  to  the 
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thin  glass.  But  this  object  can  be  still  better  attained  by  means  of  one  of 
the  compressoria  provided  by  opticians :  the  pressure  being  effected  with  a 
fine  screw,  the  movement  can  be  regulated  with  the  utmost  nicety.  Thus 
the  animal  can  be  merely  fixed  in  its  position,  whilst  its  \ital  functions  pro- 
ceed without  interruption.  On  increasing  the  pressure,  we  obtain  increased 
transparency  by  reducing  the  thiclmess  of  the  animal ;  and  on  carrying  the 
motion  stiU  fiu'ther,  we  can  rapture  the  integument,  when  the  viscera  become 
detached  and  discharged  throrigh  the  fissui'e.  Thus  their  minute  organization 
can  be  more  acciu'ately  ascertained  than  when  retained  in  situ.  In  some 
cases  the  fonns  of  the  various  viscera  can  be  readily  ascertained  from  the 
different  hues  which  characterize  them,  but  in  the  majority  of  Eotatoria  tlus 
guide  fails  us.  Consequently  obsei-vers  have  long  adopted  a  plan  of  feeding 
the  animals  with  brightly-coloured  pigments,  such  as  carmine  and  indigo, 
which  many  of  the  creatures  consume  with  avidity :  a  very  small  quantity  of 
the  coloiu"  should  be  rubbed  up  with  a  little  water,  as  if  for  artistic  purposes. 
If  the  live-box  be  used  in  examining  the  creatures,  with  the  water  contain- 
ing the  animalcules  a  little  of  this  colour  must  be  mixed  prior  to  the  cover 
being  placed  upon  them.  But  when  a  common  glass  slide  is  employed,  it 
generally  sufiices  to  dip  a  camel's-hair  pencil  into  the  diluted  jjigment  and 
apply  it  to  the  edge  of  the  thin  glass.  The  colour  usually  flows  between  the 
glasses,  and  difiuses  itself  through  the  water  sufficiently  to  answer  every 
purpose.  Two  objects  axe  now  attained.  The  minute  coloui-ed  particles  are 
thrown  into  active  motion  by  the  cihary  movements  of  the  trochal  wreaths, 
beautifully  demonstrating  the  force  and  direction  of  the  aqueous  vortices  set 
up  by  the  animalcule ;  and  by  noting  the  direction  taken  by  such  of  the 
particles  as  are  swallowed,  the  position  of  the  mouth  and  oesophageal  canal 
can  be  traced.  These  particles  usually  accumulate  in  the  stomach,  distend- 
ing its  parietes ;  and  as  the  bright  coloiu-  of  the  pigment  contrasts  strongly 
with  the  transparent  walls  of  the  viscus,  its  size,  form,  and  position,  as  well 
as  the  structure  of  its  walls,  can  be  readily  made  out.  By  prolonging  the 
observation,  the  same  agent  enables  us  to  ascertain  the  direction  of  the 
intestine,  anus,  and  cloaca, — since,  when  the  stomach  becomes  inconveniently 
full,  the  creature  usually  everts  the  cloaca,  brings  the  anal  orifice  into  contact 
with  the  surrounding  fluid,  and  suddenly  empties  the  stomach  or  bowel  of  its 
contents. 

There  are  practical  disadvantages  attending  the  use  of  carmine  and  indigo, 
some  of  which  Mr.  White  appears  to  have  overcome  by  substituting  the  red 
pigment  which  lines  the  cornea  of  the  eye  of  the  common  house-fly  (Microsc. 
Journ.  ii.  p.  282).  By  means  of  a  finely-pointed  knife,  or  sharp-edged  needle, 
the  large  cornea  can  easily  be  detached  from  the  head  of  the  insect ;  whilst 
a  small,  stiff  camel-haii',  or  (stiU  better)  a  small  sable  pencil  suffices  to  wash 
the  pigment  out  of  the  internal  concavity  of  the  detached  cornea. 

It  is  occasionally  desirable  to  examine  the  animals  by  reflected  instead  of 
transmitted  light,  in  order  that  their  true  colours  may  be  exhibited,  as 
Mr.  Gosse  has  pointed  out  in  the  instance  of  Philodina  citrina. 

Localities  foe  Rotatoeia.  —  These  are  exceedingly  diversified,  vaiying 
from  the  wide  ocean  to  the  diied-up  sediment  of  the  water-spout.  There 
are  few  circumstances  under  which  water  exists,  in  which  Rotatoria  may  not 
be  found,  though  they  dislilce  it  when  its  contents  are  undergoing  decom- 
position. Consequently,  though  they  occur  in  aU  vegetable  infusions,  they 
are  only  to  be  found  when  the  first  stage  of  decomposition  has  passed  away, 
and  they  usually  disappear  again  when  the  water  becomes  putrid  and  oflen- 
sivc.  After  the  Monadina,  Paramecia,  and  other  smaller  Infusoria  have  run 
thoir  course,  and  in  large  measure  disni)pcarcd,  the  Ivotatoria  occupy  their 
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places,— a  circumstance  that  has  led  some  observers  to  suggest  the  probability 
of  some  of  these  lower  forms  being  the  lai-val  states  of  the  higher  ones— a 
view  now  known  to  be  erroneous. 

Some  species,  especially  the  Eotlfer  vulgaris,  are  common  wherever  water 
has  remained  for  a  httle  time  without  distiu-bance,  in  cisterns,  depressions 
in  the  gutters  of  houses,  saucers  of  flower-pots,  and  similar  situations.  A 
few  forms  have  been  found  in  the  interiors  of  vegetable  cells.  Thus  Botifer 
vulgaris  occiu-s  in  the  leaf-cells  oi  Spliagnum,  and  in  the  clavate  branches  of 
Vaucheria,  feeding  upon  the  contained  chlorophyll.  Notommata  parasitwa 
and  N.  petromyzon,  found  within  the  spheres  of  Vohox  ghhator,  in  like 
manner  consume  the  little  masses  of  green  protoplasm ;  whilst  iVotomma to 
Werneclii,  like  the  Rotifer,  occurs  in  the  cells  of  Vaucheria. 

They  often  abound  in  the  damp  moss  from  the  neighbom-hood  of  bogs, 
streams,  and  waterfalls.  But,  besides  these  special  situations,  some  of  them 
are  to  be  found  in  almost  every  ditch  and  pond  in  which  Lemnse,  Confervae, 
and  other  decaying  masses  of  vegetation  abound.  Sometimes  they  play  round 
tlie  plants  with  incessant  action,  pushing  their  slender  bodies  into  eveiy 
recess  in  which  food  may  hu'k,  then  bacldng  out  again  as  cleverly  as  any  of 
theii-  larger  aquatic  companions  can  do  with  fin  and  tail, — now  anchoring 
themselves  to  some  projecting  point  by  means  of  their  flexible  pseudopodia, 
drawing  in  their  trochal  disks  with  apparent  alarm  if  any  other  creatiu'e 
brushes  past  their  resting  place  with  unmannerly  rudeness  ;  then,  forgetting 
their  fears,  they  again  evolve  their  ciliated  wheels,  loosen  from  their  anchor- 
age, and  launch  away  into  the  clear  stream,  displaying  the  vaiied  modes  of 
progTCSsion  so  characteristic  of  different  species.  But  it  is  only  some  of 
the  forms  which  iudulge  these  vagrant  habits.  The  higher  forms,  such  as 
Limnias,  Melicerta,  Floscularia,  Lacinulana,  and  Stephanoceros,  are  quiet 
stay-at-home  matrons,  at  least  after  sowing  the  wild  oats  of  their  youthful 
days.  Eor  a  short  time  only  after  leaving  the  ovum  do  they  roam  wild  and 
free.  They  soon  settle  down,  attaching  themselves  by  their'  false  feet  to  some 
fixed  resting  place,  where  they  spend  the  rest  of  their  lives  in  sober  tran- 
quillity. These  home-birds  must  be  sought  for  amongst  the  stems  and  leaflets 
of  Ceratophyllum,  Cliara,  and  the  water  Eanunculus,  more  frequently  occurring 
in  the  clearer  streams  and  ponds  than  do  many  of  their  smaller  allies. 

Unlike  the  Monadina  and  other  lower  Infusoria,  the  Eotatoria  rarely  occur 
m  such  profusion  as  to  colom*  the  water.  It  is  occasionally  rendered  tiu'bid 
and  milky  by  Brachionus  Palea,  which,  in  such  cases,  occurs  in  vast  profusion. 
Brachionus  imeolaris  and  B.  ruhens  sometimes  present  the  same  conditions. 
Typhlina  viriclis,  found  by  Ehrenberg  in  Egypt,  coloured  the  water  green. 
Lacinularia  forms  small  transparent  gelatinous  masses.  Limnias  annulatus 
occasionally  studs  the  leaves  of  water-plants  in  such  number  as  visibly  to 
clothe  them  in  russet  brown ;  and  groups  of  Conochilus  Volvox  appear  in 
small  clusters,  adherent  by  the  extremities  of  their  pseudopodia,  Hke  a  group 
of  tadpoles  dipped  in  colomless  jeUy,  from  which  they  can  protrude  their 
heads  or  retract  them  at  will ;  but  sociality  does  not  usually  characterize 
the  Rotatoria  as  it  docs  Euglena  and  similar  forms.  It  is  only  when  the 
parasitic  species  have  taken  possession  of  some  remarkably  favom-able 
locahty  that  they  so  abound  as  to  affect  the  aspect  of  the  plants  on  which 
they  dwell,  and  thus  force  themselves  on  the  attention  of  the  observer. 
Usually  they  must  be  sought  for  in  a  systematic  way,  without  any  external 
inrhcations  whether  a  pool  will  prove  productive  or  bari-cn.  We  have,  how- 
ever, rarely  been  disappointed  on  examining  the  green  and  foul-looking 
drainage  from  the  manure  heap  in  the  farm -yard.  Amidst  its  swarms  of 
Eugleno}  we  have  usually  found  a  rich  supply  oif  Rotatoria.    The  true  micro- 
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seopist  must  not  be  afraid  of  soiling  his  hands,  or  have  a  weakness  for  kid 
gloves.  Some  few  Rotatoria  assume  the  habits  of  Entozoa.  Albertia  ver- 
micularis  was  found  by  Dujardia  in  the  abdomiaal  ca^dtic8  of  the  earthworm 
and  in  the  intestine  of  Limacina ;  whilst  Albertia  crystallina  was  discovered 
by  Schultze  in  the  intestine  of  Neds  littoralis. 

Captube  of  Eotatoeia. — The  modes  of  capturing  the  Rotatoria  must  vary 
with  the  species  sought,  as  will  be  evident  from  the  remarks  made  in  the 
preceding  section.  The  simplest  mode  of  obtaining  the  majority  of  the  forms 
is  to  collect  a  quantity  of  Confer vfe,  Lemnse,  or  the  half- decaying  masses  of 
the  different  pond-weeds,  filling  the  vessel  with  water  from  the  pool  in  wliich 
plants  were  growing.  We  have  usually  found  the  shallow  margins  of  the 
pond  most  productive.  On  reaching  home,  the  vegetable  mass  must  be  well 
stirred  up  in  the  water,  in  order  to  detach  the  animalcules  from  the  plants  to 
which  they  cling ;  and,  before  they  have  time  to  re-attach  themselves,  the 
water  must  be  poured  off  into  another  vessel,  thi-ough  a  piece  of  mushn  or 
very  fine  net.  All  the  coarse  material  is  thus  got  rid  of,  nothing  passing 
through  the  strainer  but  water  rendered  turbid  by  fine  particles  of  half- 
decayed  vegetation  suspended  in  it.  But  along  with  these  vegetable  atoms 
the  Rotatoria  will  also  pass  into  the  receiving  vessel,  which  must  be  allowed 
to  stand  for  a  while,  allowing  the  sediment  to  sink  to  the  bottom,  where 
it  will  be  followed  by  the  animalcules  which  find  nutriment  in  the  half- 
decayed  mass.  A  small  portion  of  tliis  sediment  may  now  be  taken  up  by 
means  of  a  narrow  glass  tube,  one  end  of  which  must  be  introduced  to  the 
bottom  of  the  vessel,  whilst  the  opposite  one  is  closed  by  the  finger  or  thumb. 
On  removing  the  latter,  the  sediment  rushes  up  into  the  tube ;  and  if  the 
upper  end  of  the  tiibe  be  again  closed  as  before,  the  contained  material  can  be 
transferred  to  the  live-box  or  the  glass  slide.  If  the  tube  be  held  for  a  few 
moments  in  a  vertical  position,  the  upper  part  being  stiU  closed  with  the 
finger,  the  vegetable  matter  and  its  accompanying  animalcules  wiU  sink  to 
the  lowest  part  of  the  water  ;  consequently  the  fii-st  drop  escaping  from  the 
lower  end  of  the  tiibe  will  usually  be  richer  than  those  that  follow.  If  the 
drop  be  received  upon  a  glass  slide,  it  must  be  covered  over  with  a  piece  of 
thin  glass,  when  it  is  ready  for  the  microscope,  and,  unless  the  pond  has  been 
imcommonly  barren,  the  instrument  will  reveal  a  rich  harvest  of  Algae,  Con- 
fervaj,  Desmidiete,  Diatoms,  and  Polygastriea ;  whilst  amongst  all  these  the 
Rotatoria  will  be  found  sailing  from  point  to  point,  exploring  aU  the  recesses 
between  the  vegetable  fragments,— now  quiescent,  as  if  contemplating  the 
contents  of  the  larder,  then,  as  if  dissatisfied  with  the  prospect,  sailing  away 
to  some  more  promising  pasture.  But  when  a  tempting  nook  presents  itselt, 
this  restless  locomotion  ceases,  and  they  attach  themselves  to  some  fixed  pomt 
either  by  means  of  a  disk-like  foot  or  by  using  its  terminal  joints  as  an  anchor, 
—their  ti'ochal  disks  being  for  the  time  di-awn  in,  and  comfortably  lodged  m 
the  anterior  part  of  the  body.  Its  position  being  fairly  secured,  the  animalcule 
evolves  its  wheels,  at  first  slowly,  but  soon  increasing  their  speed.  A  violent 
commotion  amongst  the  atoms  abounding  in  the  water  soon  indicates  the  pro- 
duction of  a  miniature  whiiipool,  which  brings  a  continuous  stream  of  edible 
matter  within  the  reach  of  the  hungry  traveUer.  But,  though  hungry,  he  is 
a  dainty  gentleman,  and  chooses  to  select  his  fare.  The  bulk  of  what  is 
drawn  towards  him  by  the  vortex  he  has  created,  not  suiting  his  tjiste,  is 
suffered  to  flow  by,  in  a  continuous  stream,  like  that  left  by  the  rocket  m  its 
flight  But  everything  is  not  thus  allowed  to  pass :  the  teeth-like  jaws  ot 
the  animalcule  are  constantly  playing  against  each  other  with  desperate 
enerffv  whilst  sudden  jerks  and  contractions  indicate  that  the  animaicuic  nas 
made  a  capture  ;  and  though  it  is  not  always  easy  to  see  liis  prey  pass  do>vn 
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his  gullet,  the  gradual  expansion  of  his  stomach  proves  that  he  is  not  labour- 
ing in  vain.  The  Monads  find  to  their  cost  that  he  is  a  real  Triton  amongst 
the  miamows. 

Another  mode  of  capturing  similar  forms  is  by  employing  a  small  net,  of 
very  fine  muslin  fii-mly  fastened  to  a  ferrided  hoop  of  brass  or  iron,  a  few- 
inches  in  circumference,  and  capable  of  being  fitted  to  a  walking-stick  or 
fishiug-rod.  It  has  been  recommended  that  the  exterior  of  this  hoop  shoidd 
be  grooved,  so  that  nets  of  various  degrees  of  fineness  can  readily  be  employed 
— these  being  attached  merely  by  means  of  an  elastic  ring  of  vulcanized 
iudian-i-ubber,  drawn  over  them  and  fitting  iato  the  metallic  groove.  By 
means  of  a  net  of  this  chai'acter,  the  central  and  deeper  parts  of  a  pond  can 
be  searched,  as,  if  the  gauze  be  sufficiently  fine,  the  net  will  retain  the  larger 
Rotifera,  whilst  the  water  passes  freely  tkrough  it.  After  making  a  succes- 
sion of  sweeps  through  the  pond,  the  net  may  be  everted  into  a  receiver  con- 
taining clear  water,  and  with  a  little  manipulation  the  animalcules  adhering 
to  it  may  be  washed  into  the  vessel.  By  means  of  the  same  net  the  fluid 
may  be  concentrated  imtil  at  length  the  rich  products  of  an  hour's  fishing- 
may  be  carried  home  in  an  ounce  phial.  But  the  muslin  must  be  very  fine, 
or  the  richest  of  the  game  will  escape.  When  the  large  and  exquisitely 
beautiful  Floscularian  Rotatoria  are  the  objects  of  search,  a  different  method 
must  be  followed.  It  is  but  occasionally  that  they  can  be  met  with ;  conse- 
quently the  student  must  be  prepared  to  give  time  and  labour  before  he 
succeeds  in  discovering  these  lovely  objects ;  but  they  are  weU  worth  the 
price.  As  before  observed,  Melicerta,  Stephanoceros,  and  similar  forms  are 
found  attached  to  the  slender  stems  and  subdivided  leaves  of  Geratophyl- 
lum,  Myriophyllum,  Ranunculus  aquatilis,  the  (Jliarce,  and  similar  plants. 
The  method  of  search  which  we  have  found  the  most  successful  has  been  to 
carry  with  us  to  the  field  a  narrow  phial  of  clear  white  glass  or  a  chemist's 
test-tube,  into  which  portions  of  such  plants  as  a  pond  may  contain  may  be 
introduced  along  with  a  little  clean  water.  The  unaided  eye,  when  experi- 
enced, soon  ascertains  the  presence  or  absence  of  the  objects  sought  for ;  but 
the  search  may  be  further  facilitated  by  means  of  a  pocket-lens  of  low- 
magnifying  power.  If,  after  selecting  several  fragments  drawn  from  different 
parts  of  a  pond,  these  do  not  reveal  traces  of  some  of  the  Floscularians,  it  is 
probable  they  do  not  exist  there,  and  we  may  proceed  to  some  new  fishing- 
ground ;  but  if  an  isolated  individual  be  detected,  every  clump  of  aquatic 
vegetation  in  the  pond  should  be  carefuUy  searched ;  for,  as  is  the  case  with 
Volvox  and  many  other  microscopic  organisms,  there  will  be  found  in  some 
part  of  the  water  a  colony  where  Malthusianism  has  no  place,  and  to  which 
the  isolated  individual  first  found  bears  the  same  relation  as  the  trappers  and 
backwoodsmen  of  the  west  do  to  the  swarming  communities  of  Boston  and 
New  York. 

One  remarkable  circumstance  must  be  borne  in  mind  by  the  animalcule- 
hunter.  If  he  happens  to  remember  a  pond  where  some  rare  species 
abounded  last  year,  let  him  not  again  turn  thither  in  search  of  it,  as  the 
chances  will  not  be  m  his  favour.  These  creatures  rarely  exist  in  the  same 
water  duiing  two  successive  years.  The  reasons  for  this  are  not  easily  ascer- 
tainable. The  remark  is  equally  appUcable  to  Volvox  and  the  Desmidiete. 
Ihe  search  will  be  most  productive  if  prosecuted  on  new  ground.  It  may  be 
remarked  that  the  Floscularian  Rotatoria  are  usuaUy  discovered  accidentally, 
rather  than  by  predetermined  search.  Respecting  the  marine  Rotatoria  but 
little  IS  known.  The  class  appears  to  have  but  few  representatives  in  salt 
water,  contrasted  with  their  abundance  elsewhere.  Nevertheless  some  may 
occasionally  be  observed  whilst  examining  corallines  and  seaweeds  under 
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the  microscope,  around  which  objects  they  play  after  the  fashion  of  their 
freshwater  allies.  In  the  ocean  we  have  few  or  no  counteqjarts  of  the 
stagnant  pools  found  on  land ;  those  dark  holes  on  rocky  coasts,  the  homes  of 
the  Actinke  and  the  seaweeds,  which  would  otherwise  represent  ponds  and 
ditches,  are  too  constantly  distm-bed  by  the  tidal  wave  to  admit  of  the  accu- 
mulations of  decaying  vegetation  so  favourable  to  the  existence  of  the  fresh- 
water species. 

Classification. — The  exact  place  which  the  Eotatoria  should  occupy  in 
the  zoological  scale  is  as  yet  undetermined,  siuce  discordant  opinions  are 
entertaiaed  on  the  subject  by  some  of  oiu-  most  eminent  naturalists,  as  will 
be  seen  by  a  recurrence  to  Part  I.  of  this  work  (p.  392).    The  question  can 
be  decided  only  by  a  careful  study  of  their  development  as  compared  mth  that 
of  other  animals.    Most  inferior  creatures  are  the  permanent  representatives 
of  conditions  which  are  merely  transitional  in  the  advance  from  the  ovum  to 
matuiity  of  some  higher  form, — the  former  beings  obviously  occupying  a  posi- 
tion subordinate  to  the  latter,  inasmuch  as  they  never  advance  beyond  a  state 
which  only  occurs  in  the  higher  animal  m  its  immature  and  imperfect  con- 
dition. The  Myriapod  and  the  Worm,  with  their  strongly-marked  vegetative 
repetitions  of  parts,  obviously  find  a  temporaiy  representative  in  the  crawling 
caterpillar,  but  not  in  the  fully-formed  winged  insect  of  which  the  catei-pillar 
is  but  the  rudimentary  larva.    Consequently  the  Worm  and  the  Myiiapod 
must  alike  be  placed  below  the  Insect,  if  we  arrange  animal  forms  in  a  linear 
series  according  to  their  development.  Supposing  this  method  of  ascertaining 
the  true  zoological  position  of  any  class  of  animals  to  be  correct,  the  question 
naturally  arises,  what  larval  states  of  other  animals  are  most  closely  repre- 
sented by  the  permanent  forms  of  the  Rotifera  ?   It  is  clear  that  the  Rotifera 
have  little  affinity  vrith  the  Polygastric  Infusoria  ;  for,  though  the  family  of 
VorticeUina  amongst  the  latter  animals  seems  to  constitute  a  sort  of  inos- 
culating link,  the  affinity  of  the  Vorticellce  to  the  Rotatoria  appeare  to  be 
rather  one  of '  resemblance  than  of  relationship.  The  history  of  the  Vorticellce, 
as  worked  out  by  Professor  Stein,  reveals  morphological  changes  wholly  dis- 
similar from  what  occurs  in  the  Rotatoria,  amongst  which  the  encysting- 
process,  so  characteristic  of  the  Vorticellce,  has  no  place.    This  process  is 
obviously  one  of  the  phenomena  of  development  by  gemmation  which  is  most 
prevalent  amongst  the  lower  animal  forms,  and  becomes  less  frequent  as  we 
ascend,  until,  amongst  the  higher  classes,  it  never  occiu-s.   In  ascertaimng  the 
relation  of  the  Rotatoria  to  the  Vorticellce,  it  is  necessary  to  inquire  how  far 
this  reproduction  by  gemmation,  as  distinct  fi'om  sexual  reproduction,  has 
any  existence  amongst  the  foi-mer  animals  ;  and  tHs  is  precisely  the  question 
which  we  are  as  yet  unable  to  answer.    It  has  been  suggested  that,  of  the 
two  forms  of  eggs  known  to  be  produced  by  some  Rotatoria,  one  group  con- 
sists merely  of  buds  encased  in  a  sheU,  whilst  the  others  are  the  tine  sexual 
products ;  but  such  eminent  observers  as  Professor  Huxley  and  Dr.  Colin  ai-e 
at  issue  as  to  which  of  the  two  kinds  of  ova  are  to  be  respectively  regarded 
as  true  eggs  or  as  gemmas.    Dr.  Cohn  contends  that  the  bodies  ordmarily 
regarded  as  eggs  are  merely  gemmfe  thrown  off  fi-om  the  organ  beheved  to 
be  an  ovary,  without  any  fertilization  by  a  male  animal,— thus  accounting 
for  the  extraordinary  profusion  in  which  these  eggs  are  developed,  whilst  so 
many  observers  have  been  baffled  in  their  attempts  to  discover  spermatozoa 
or  any  male  organization.    The  mode  of  development  which  Professor  Huxley 
observed  in  the  ova  of  Ladnularm,  and  Professor  Williamson  m  tliose  of 
Melicerta  are  not  incompatible  with  the  idea  of  their  being  gemmae,  and 
the  ovary  a  gemmiferous  stolon.    Supposing  all  this  to  be  true  we  have 
in  the  formation  of  those  shelled  gemmae,  an  analogue  to  the  development  ot 
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the  Vorticella-hwds  from  the  Aeinetal  condition  of  the  Vorticellce ;  but  the 
encysting  of  the  entii-e  body  of  the  latter  animal,  and  especially  its  resolution 
into  a  multitude  of  gemmulos,  finds  no  parallel  amongst  the  liotifera ;  hence 
we  cannot  regard  the  two  classes  of  animals  as  having  any  close  affinity  to 
one  another. 

Professor  Owen  removes  the  Rotatoria  from  the  Cuvierian  group  of  Radiata 
and  places  them  amongst  the  Articulata,  in  close  alliance  with  the  Crustacea. 
This  idea  is  a  plausible  one,  and  has  several  supporters.  But  here  we  are 
met  by  the  fact  that  aU  the  Crustacea,  not  excluding  the  Cii'ripeds  and  the 
Entomostraca,  pass  through  a  larval  condition,  resembling  which,  notwith- 
standing the  assertion  of  Leydig,  nothing  has  hitherto  been  obsei-ved  amongst 
the  Rotatoria ;  whilst  the  latter  cannot  be  regarded  as  having  any  resemblance 
to  the  lai-val  conditions  of  these  higher  Crustaceans  in  any  stage  of  their 
liistoiy.  Professor  Huxley's  suggestion,  that  they  are  the  permanent  repre- 
sentatives of  the  lai-val  forms  of  liis  group  of  Annuloida  (including  the  Echi- 
noidea,  Annelida,  Trematoda,  and  Nematoidea),  appears  to  have  many  facts 
in  its  favour,  since  it  connects  them  with  the  articulate  division  of  animals 
without  raising  them  to  the  level  of  true  Ciaistaceans.  Burmeister  and  Leydig 
hold  similar  views  to  those  of  Owen  respecting  the  close  relation  existing 
between  the  Rotatoria  and  the  Crustacea.  Leydig  dwells  especially  upon 
their  external  figure,  the  frequently  hardened  lorica,  the  existence  in  their 
bodies  of  striped  muscular  fibre,  their  nervous  system,  the  anatomical  and 
physiological  phenomena  of  their  sexual  life,  and,  lastly,  the  supposed  fact 
that  the  young,  at  its  liberation  from  the  ovum,  has  not  the  form  of  the 
adult  animal,  and  consequently  must  imdergo  a  metamorphosis.  These  argu- 
ments, when  examined  closely,  afford  feeble  support  to  Ley  dig's  opinion. 
External  form  is  an  unsafe  criterion  of  zoological  position.  Were  it  trust- 
worthy, it  would  bring  the  Rotatoria  nearer  to  the  cilio-brachiate  polypes 
than  to  the  Crustacea.  The  hardened  lorica  is  nothing  more  than  a  modified 
exo-skeleton,  which  is  as  fully  developed  in  the  Echinoderms  as  in  the 
Crustaceans ;  whilst  in  the  majority  of  the  Lemeadse  (the  section  of  Crus- 
taceans to  which  Rotatoria  bear  the  closest  affinity)  this  hardened  integument 
is  wanting.  The  existence  of  striped  muscular  fibre  proves  nothing,  since 
Mr.  Busk  long  ago  discovered  this  structm-e  in  some  of  the  Acalephae.  The 
nervous  system  of  the  Rotatoria  is  as  yet  so  imperfectly  understood  that  Little 
reliance  can  at  present  be  placed  upon  our  knowledge  of  it ;  besides  which,  as 
Professor  Huxley  has  pointed  out,  a  similar  condition  to  that  of  the  supposed 
nervous  system  of  Rotatoria  exists  in  Tui-bellaria ;  and,  lastly,  the  pheno- 
mena of  sexual  life  amongst  the  Rotatoria  are  as  little  understood  as  is  theii* 
nervous  system.  The  few  instances  in  which  male  animals  have  been  found, 
present  some  resemblance  to  the  phenomena  seen  amongst  the  Lemeadae  ; 
but  the  subject  is  equally  involved  in  obscurity  in  each  of  the  two  classes  of 
creatures,  whilst  Leydig's  assertion,  that  the  young  Rotifera  undergo  meta- 
morphosis, appears  entirely  erroneous.  The  only  facts  positively  determined 
indicate  that  nothing  of  the  kind  takes  places  amongst  them,  whilst  aU  the 
Crustaceans,  including  the  Lemeadae,  imdergo  repeated  moults  before  reaching 
maturity. 

We  forbear  enlarging  on  this  question  of  the  zoological  position  of  the 
Rotatoria,  as  it  has  already  been  discussed  in  much  detail  in  the  first  part  of 
this  work  (p.  468  et  seq.). 

The  most  philosophical  mode  of  subdividing  the  Rotatoria  into  families 
is  almost  as  undetermined  as  their  zoological  affinities.  Ehrenberg,  who 
led  the  way  in  this  work  of  classification ,  based  his  primary  groups 
upon  the  number  of  divisions  and  form  of  the  ciliated  trochal  wreath,  sub- 
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dividing  each  division  according  as  the  animals  composing  it  were  loricated 
or  illoricated. 


The  following  table  rex^resents  his  classification : — 

■  Illoricated 

With  a  simple  continuous 


ipl 

wi-eath  of  cilia  (Mono- 
trocha) . 


With  a  compound  or  di- 
vided wreath  of  ciUa 
(Sorotrocha)   


Margin  of  ciliated  vn-eath  f  lUoricated 
lobed  or  notched  (Schi-  ■! 
zotrocha)   [  Loricated. 


Ichthydina. 

Loricated   QEcistina. 

Megalotrochasa. 
Floscularisea. 
Hydatinaa. 


(  With  the  ciliated  wreath  f  lUoricated 
divided    mto    several  \ 

series  (Polytrocha)         [  Loricated   Euchlanidota. 

With  the  ciliated  wreath  ( lUoricated  . . .  Philodinaea. 
divided  into  two  series -I 

(Zygotrocha)    \  Loricated   Brachionssa. 


N.B.  This  classification  is  given  more  at  length  at  p.  478. 


Siehold  adopts  the  classification  of  Ehrenherg  for  the  Rotatoria,  omitting  a 
few  genera.  Dujardin,  on  the  contrary,  regards  the  principles  employed  by 
the  great  Prussian  microscopist  in  framing  his  division  of  these  animals  as 
faulty  and  uncertain ;  consequently  he  puts  forth  a  classification  of  his  own, 
substituting  the  name  of  Systohdes  for  the  better  known  one  of  Rotatoria. 
He  admits  four  primary  divisions  of  the  class,  viz. — 

1.  Those  Rotatoria  which  Hve  fixed  to  some  foreign  body  by  their  posterior 

extremity.  .  .... 

2.  Those  which  employ  but  one  means  of  locomotion,  using  their  vibratile 
cUia  as  instruments,  and  being  always  swimmers. 

3.  Those  which  exhibit  two  modes  of  progression,  viz.  swimming  and 
crawling,  after  the  manner  of  leeches. 

4.  Those  which  creep  by  uncini,  and  are  destitute  of  vibratile  ciha. 

The  first  of  these  groups  includes  only  his  Flosculariens  and  MeUcertiens. 
The  second  contains  by  far  the  largest  number,  and  is  subdivided  into  two 
secondary  groups,  in  one  of  which  the  animals  have  an  integument  wholly 
flexible,  whilst  in  the  other  they  have  some  part  of  it  sohd,  constituting  a 
lorica  or  shield.  The  third  section  contains  only  his  family  of  Rotifera, 
closely  corresponding  with  Ehrenberg's  family  of  PhilodinEea;  whilst  the  last 
comprehends  the  Tardigrada.  These  curious  animals  are  now  known  to  have 
no  affinity  with  the  Rotatoria,  but  belong  to  the  Ai-achnida,  or  class  of  spiders. 
Indeed,  at  the  time  of  piibhshkig  his  book,  Dujardin  expressed  doubts  as  to 
the  propriety  of  uniting  them  with  the  Rotatoria. 

Leydig  proposes  a  new  classification  of  the  Rotatoria,  or  as  he  terms  them, 
in  accordance  with  liis  views  respecting  their  natiu'e,  Cilio-crustacea,  whicli 
he  arranges  "  according  to  their  forms — ^whether  they  are  cylindrico-comcal, 
sacciform,  or  compressed,  together  with  which,  as  further  chai-actere,  the 
condition,  presence,  or  absence  of  the  foot  may  be  employed." 

He  adopts  three  primaiy  divisions : — 

A.  Figure  between  clavate  and  cylindrical. 

B.  „  sacciform. 

C.  „  compressed. 
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These  he  again  subdivides  as  follows : — 

"1.  "With  elongated,  transversely-ringed,  attached  foot. 

2.  With  elongated,  jointed  foot,  retractile,  like  a  telescope. 

3.  "With  elongated,  jointed,  non-retractile  foot. 
A.<(  4.  With  short  foot  and  long  pedal  forceps. 

5.  With  short  foot  and  pedal  forceps  which  are  of  equal  length  with,  or 

somewhat  shorter  or  longer  than  the  foot. 
^6.  Without  foot. 

T,   f  1.  Foot  short. 


[  b.  Laterally  compressed. 

It  will  be  seen  that  the  classifications  of  Ehi'enberg,  Dujardin,  and  Leydig 
agree  in  one  feature  :  they  are  more  or  less  artificial,  being  based  upon 
peculiarities  of  external  form  and  habit  rather  than  upon  internal  organiza- 
tion. The  subdivision  of  the  trochal  wreath  varies  in  its  extent  with  the 
age  of  the  animal,  the  depth  of  its  sulci  increasing  with  the  approach  of 
matmity ;  consequently  the  defectiveness  of  Ehrenberg's  system  becomes  at 
once  obvious.  No  such  changes  as  we  have  just  referred  to  affect  the  internal 
viscera,  except  in  a  minute  degree ;  consequently  the  latter  alone,  when 
thoroughly  understood,  can  furnish  the  true  materials  for  a  philosophical 
classification.  But  unfortunately  we  do  not  as  yet  possess  such  a  number  of 
accui-ate  observations  as  admit  of  our  arranging  the  various  species  on  this 
higher  basis.  Eor  example,  the  Rotatoria  are  either  monoecious  or  dioecious  : 
a  few  have  been  demonstrated  to  belong  to  the  latter  class ;  but  of  the  vast 
majority  we  are  unable  to  say  which  of  these  two  features  characterizes 
them.  The  behef  in  their  monoecious  natm-e  has  until  recently  been  general ; 
but  the  possibility  of  their  being  all  dioecious  now  suggests  itself.  Should 
future  observations  establish  the  fact  of  some  Eotatoria  being  monoecious 
and  others  dioecious,  the  distinction  wiU  be  one  of  paramount  importance 
as  a  basis  of  classification.  But  of  the  internal  organization  of  the  vast 
majority  of  these  animals  we  unfortunately  know  little  or  nothing.  A 
very  small  number  even  of  the  higher  forms  have  been  submitted  to  rigid 
and  accurate  scrutiny;  consequently  the  want  of  material  for  a  natui-al 
classification,  based  on  anatomical  and  physiological  data,  compels  us  to  faU 
back  upon  such  as  are  artificial.  (See  Part  I.  p.  477  for  additional  remarks 
on  classification.) 

The  relative  value  of  the  three  systems  of  Ehrenberg,  Dujardin,  and  Leydig 
will  be  a  disputed  question.  Where  the  piu'pose  to  be  accomplished  is  merely 
the  provision  of  an  index  (and  artificial  systems  can  be  little  more),  the  clas- 
sification in  which  the  distinctions  are  most  readily  recognized  will  best  fulfil 
its  purpose.  On  these  grounds  we  think  there  is  little  room  for  choice  be- 
tween those  of  Ehrenberg  and  Dujardin.  The  two  primary  sections  of  the 
great  Prussian  naturalist  are  easily  recognized,  his  four  principal  subdivisions 
almost  equally  so ;  and  the  ultimate  division  of  each  group  into  a  loricated 
and  an  iUoricated  series  not  only  facilitates  the  investigations  of  the  young 
student,  but  is  an  element  in  Dujardin's  system,  who,  by  adopting  it,  re- 
cognizes Its  value.  At  fii-st  sight  Leydig's  classification  would  appear  to 
approach  nearer  to  a  natural  system  than  either  of  the  others  enumerated ; 
but  close  examination  does  not  confirm  this  impression,  since,  in  order  to 
arrange  the  objects  in  their  respective  groups,  such  genera  as  Diglena.,  Fi(r- 
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cularia,  and  Notommata  have  required  to  be  subdivided,  part  being  thrown 
into  one  subdivision  and  part  into  another.  Objects  which  present  such  close 
resemblance  as  to  be  capable  of  arrangement  in  one  generic  group  can  scarcely 
be  so  diverse  as  to  justify  their  separation  into  different  famOies.  The  de- 
tachment of  the  fifth  section  from  the  fourth,  merely  because  its  individuals 
are  furnished  with  short  pedal  forceps,  would  furnish  a  precedent  for  classi- 
fying birds  and  quadrupeds  according  as  they  have  long  tails  or  short  ones. 
These  reasons  have  led  us  to  retain  the  classification  of  Ehrenberg  for  the 
present,  since  the  advantages  afforded  by  the  two  newer  systems  do  not  seem 
sufficiently  great  to  justify  our  abandoning  the  general  plan  followed  in  the 
previous  editions  of  this  work.  At  the  same  time  we  are  fully  alive  to  its 
imperfections,  both  in  its  principles  and  details.  Leydig's  objection  to  Ehren- 
berg's  employment  of  the  term  lorica  is  a  substantial  one,  since  it  is  stretching 
the  term  beyond  what  is  admissible,  to  apply  it  to  the  delicate  investing 
membranes  of  Flosculana  and  Stephanoccros,  or  to  the  gelatinous  envelope  of 
ConocUlus.  Consequently,  though  for  reasons  ali-eady  advanced  we  retaiii 
the  subdivisions  of  the  Prussian  microscopist,  we  extend  his  definitions  of  his 
third  series  of  gi-oups :  instead  of  defining  them  as"  loricated,"  and  "illoricated," 
we  would  describe  them  as  "loricated,  or  usually  provided  with  a  hard 
investing  layer,"  and  "  illoricated,  or  unprovided  with  a  hardened  investing 
layer." 

Leydig's  objection,  that  such  animals  as  Ehrenberg  indicates  by  the  terms 
Polytrocha  and  Zygotrocha  have  no  existence,  is  ill  founded.  There  is  no 
question  that  the  ciliated  lobes  of  the  head  are  divisible  and  distinct  in  a 
large  number  of  species ;  and  being  so,  they  become  as  good  characteristics  of 
families  as  do  Leydig's  long  or  short  pincers  to  the  foot. 


FAMILY  I.— ICHTHYDINA. 

Rotatoria  with  a  single  continuous  rotary  organ,  not  cut  or  lobed  at  the 
margin ;  destitute  of  lorica  or  indurated  integument.  Li  Ptygura  and  Gle- 
nophora  the  wheel-like  organ  is  in  the  form  of  a  cii-cle,  and  is  an  instrament 
of  locomotion.  In  the  other  genera  it  is  long  elliptical,  and  on  the  ventral 
suiface.  Chcetonotus  and  Ichthydium  have  each  a  forked  foot-like  process, 
and  the  rest  of  the  genera  a  simple  one.  A  long  simple  aHmentary  canal, 
with  a  long  oesophagus,  apparently  without  teeth,  occui-s  in  ChcEtomtus  and 
Ichthydium.  Olenophora  has  a  short  oesophagus,  with  two  single  teeth  ;  and 
Ptygura  an  elongated  stomach  and  three  teeth.  Glands  axe  seen  only  m 
Chcetonotus  and  Ptygura.  No  caeca  exist  in  any  of  the  genera.  The  male 
reproductive  organs,  not  hitherto  discovered;  those  of  the  female  consist,  in 
Ptygura  Ichthydium,  of  a  large  ovarium  containing  one  or  more  developed 
ova.  The  two  red  eyes  seen  in  Olenophora  are  supposed  by  some  to  mdicate 
the  existence  of  a  nervous  system  as  yet  undiscovered. 

Ehrenberg's  classification  of  tHs  family  wiU  be  found  m  p.  4/'8  ot  the 
General  History.'  It  is  probably  the  weakest  which  Ehrenberg  has  esta- 
blished, being  admitted  neither  by  Diijardin  nor  Leydig.  Dujardin  does  not 
recognize  the  genus  Olenophora,  neither  does  Siebold,  whilst  Leydig  rejects 
both  it  and  Ptygura,  regarding  them  as  immature  foi-ms  of  some  other 
snecies  Ptvqura  especiaUy,  the  latter  writer  suggests,  may  be  the  young 
Melicerta  ringens;  but  this  idea  Professor  Williamson's  observations  have 
shown  to  be  erroneous;  consequently  the  genus  must  be  retamcd  imtil  its 
immature  condition  is  better  established  than  at  present.  Du.iardin  com- 
^ifnS Ptygrcra  in  his  family  of  Melicertiens.  whilst  he  rejects  Ichthydium 
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and  Ohcetonotns  £rom  amongst  the  Rotatoria,  beHeving  tliem  to  be  Polygastric 
Infusoria,— a  conclusion  with  which  we  are  strongly  disposed  to  agree. 

Genus  PTYGURA.— Eyes  and  haii-  absent ;  foot  simple,  truncated,  cylin- 
drical. Body  campanulate,  oblong.  Eotary  organ  simple,  and  nearly  circular. 
Numerous  tooth-Uke  bodies,  adhering  to  the  bulb  of  the  oesophagus  two 
glands,  a  smaU  narrow  oesophagus,  an  elongated  stomach,  and  a  subgiobuiar 
rectum  constitute  the  apparatus  of  nutrition.  An  ovarium  and  a  contractile 
vesicle  have  been  observed,  but  no  visual  organs. 

This  genus  is  comprehended  in  the  family  Melicertiens  of  Dujardin,  along 
with  Lacinularia,  Tubicolana,  and  Melicerta,  and  is  made  to  include  the 
species  distributed  by  Ehrenberg  in  the  several  genera  Ptygura,  (Ecistes,  and 
Conochilus ;  for  Dujardin  states  that  the  individuals  of  these  three  genera 
present  no  fuiiher  ditference  than  is  seen  in  the  gelatinous  envelope,  which 
sim-ounds  the  two  last,  forming  in  (Ecistes  a  distinct  tube  for  each  individual, 
whilst  it  inchides  the  individuals  of  Conochilus  ia  a  common  globular  mass, 
and  is  absent  in  Ptygura.  The  same  author  would  name  (Ecistes  crystalUnus 
"  Ptygura  crystallina,"  and  the  Volvox  conochila  "  Ptygura  Volvox" 


Ptyguba  Melicerta.  —  Transparent ; 
body  cylindrical,  club-shaped,  tm-gid  an- 
teriorly, with  two  little  cui-ved  horns  at 
the  mouth,  and  a  single  short  tube  at 
the  neck  (?).  The  tail-like  foot  always 
remains  transversely  folded  (wriukled), 
as  seen  in  xxv.  354,  which  represents 


the  under  side.  When  swimming,  a  ring- 
like  simple  vibratile  organ  is  thrust  out, 
with  a  lateral  notch.  The  two  jaw-like 
parts  ~of  the  oesophageal  bulb  have  nu- 
merous teeth,  as  represented  at  xxv.  355. 
1-140". 


Genus  DASYDTTES  (Gosse). — ^Eyes  absent ;  body  furnished  with  bristle- 
like hairs ;  tail  simple,  truncate. 

This  genus,  according  to  Ehrenberg's  description  of  Ichthydina,  must  follow 
after  Ptygura. 


Dasydytes  goniothrix. — Hairs  long, 
each  hair  bent  with  an  abrupt  angle; 
neck  constricted.  1-146".  Found  at 
Leamington. 

D.  antenniger. — Hair  short,  downy;  a 


pencil  of  long  hairs  at  each  angle  of  the 
posterior  extremity  of  the  body ;  head 
fmnished  with  two  club-shaped  organs 
resembling  antennae.  1-170". 


Genus  ICHTHYDIUM.— Tail  cleft  or  forked,  foot-like ;  no  eyes  or  hair ; 
currents  at  the  mouth  and  along  the  ventral  side  indicate  the  existence  of  a 
vibratile  organ,  which  not  only  serves  for  swimming  but  likewise  for  creeping. 
A  long  oesophagus,  a  thick  simple  conical  alimentary  canal,  and  sometimes  a 
large  single  ovum,  comprise  our  knowledge  of  their  organization.  It  is  pro- 
bable that  a  cylinder  of  little  wand-Uke  teeth  exists  (see  Part  I.  p.  380). 


IcHTHYnrcTM  Podura  (  CercariaPodura, 
M.).  —  Straight,  oblong,  often  slightly 
constricted  anteriorly,  where  it  is  turgid, 
and  sometimes  three-lobed.  It  is  colom*- 
leas  or  whitish,  but  during  repletion 
sometimes  appears  yellowish ;  the  ven- 
tral surface  is  flat  and  ciliated,  the  dorsal 


arched  and  smooth.  The  large  dark 
ovarium  has  been  seen  by  Ehrenberg. 
It  seldom  swims,  but  mostly  creeps, 
xxv.  356  exhibits  a  full-grown  animal- 
cule (ventral  side).  Among  Conferv89 
and  Oscillatorise.   1-440"  to  1-140". 


Genus  CHiETONOTUS.— Dorsal  sui-face  covered  with  hairs ;  tail  forked ; 
eyes  absent.  Locomotion  is  performed  by  means  of  a  double  row  of  cilia  upon 
the  ventral  surface,  forming  a  band-Ulce  rotaiy  organ.  The  nutritive  organs 
consist  of  a  tubular  mouth,  probably  provided  with  a  cjdinder  of  teeth,  a  long 
thin  oesophagus,  and  a  long  conical  stomach  {irachdogastricuvi),  upon  whose 
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upper  thick  end  (in  the  large  species)  two  semiglobular  glands  are  seen ;  at 
certain  periods  from  one  to  three  large  ova  are  formed  posteriorly,  but  the 
ovarium  in  which  they  are  developed  has  not  been  directly  observed ;  male 
reproductive  organs  unlcnown.  They  are  sluggish  in  their  movements,  except 
in  creeping;  they  rarely  swim.   (See  Part  I.  p.  380  et  seq.) 

Ch^tonotus  maximm  (xxxi.  29, 30).   berg  has  seen  only  one  large  ovum ;  he 


■Elongated,  slightly  constricted  ante- 
riorly, tm-gid  and  obtusely  three-lobed ; 
hairs  vipou  the  back  short  and  equal. 
From  his  latest  observations,  Ehrenberg 
states  the  mouth  to  possess  teeth,  of 
which  he  has  counted  more  than  eight ; 
he  once  saw  the  exclusion  of  ova  imme- 
diately over  the  foot-like  tail.  It  creeps 
but  slowly.  1-216"  to  1-120".  (See 
p.  381.) 

C.  Larm  (Triclioda  Acarus,  Anas  et 
Lm-us,  M.). — Elongated,  slightly  con- 
stricted anteriorly,  where  it  is  tiu-gid  and 
obtusely  triangular;  the  posterior  hah 
on  the  dorsal  smface  is  longest.  Ehren- 

As  before  stated,  Dujardin  places  this  genus,  together  with  Ichthydium, 
among  the  Infusoria  (Polygastrica,  Elir.),  but  in  a  subclass  of  them,  called 
symmetrical,  along  with  Goleps  and  a  doubtful  genus  named  Planaiiola. 
These  genera  are  distinguished  by  him  from  all  other  Infusoria  in  having  a 
symmetrical  figure. 

One  species  of  Ghcetonotus  described  by  Dujardin  is  probably  new,  although 
it  may  be,  as  he  remarks,  but  the  C.  maximus  of  Ehrenberg. 

The  follovdng  are  its  characters : — 


states  that  the  bodies  of  those  beaiing 
ova  were  thick  posteriorly,  though,  under 
other  circumstances,  the  head  is  broadest. 
It  appears  to  have  eight  teeth.  The  dor- 
sal hairs,  which  are  an-anged  in  longi- 
tudinal rows,  destroy  the  ti-ansparency 
of  the  body.  xxv.  357  is  a  dorsal,  and 
358  a  side  view.  Ova  one-third  the 
length  of  the  body.  In  muddy  water. 
1-720". 

C.  brevis. — Ovato-oblong,  slightly  con- 
stricted near  the  turbid  front;  dorsal 
hau's  few,  the  posterior  longest;  ova 
smaU.  1-340". 


in  a  scale-like  form  toward  the  base,  and 
regularly  imbricated.  In  long-kept  sea- 
water  brought  fi'om  Toulouse. 


C.  squamatus. — Elongate,  narrowed  at 
its  anterior  thud,  but  expauded  in  its 
posterior  half.  1-130"  to  1-135".  Co- 
vered with  short  hairs,  which  are  dilated 

Genus  SACCULUS  (Gosse)  (XL.  17,  18).— One  eye,  frontal ;  body  desti- 
tute of  hair,  and  without  a  foot ;  rotary  organ  a  simple  wi-eath  ;  alimentary 
canal  very  large ;  jaws  set  far  forward,  apparently  consisting  of  two  dehcate 
unequal  'mallei  and  a  slender  incus ;  veiy  evanescent ;  eggs  attached  behind 
after  deposition. 

This  genus  comes  nearest  to  Qlenopliora,  but,  unlike  the  latter.  Has  but 
one  eye.    Perty's  genus  AscomorjpTia  appears  identical  with  Sacculus 

Saccultts  viridis. — Pear-shaped ;  flat- 
tened ventrally,  the  anterior  end  the 
naiTower ;  head  conical-pointed,  sur- 
roimded  by  a  wreath  of  long  cilia ;  di- 
gestive canal  occupying  nearly  the  whole 
body,  and  always  filled  with  a  substance 
of  a  rich  gTeen  hue  in  masses.  1-150". 
This  ciuious  animal,  foimd  in  consider- 
able number  in  a  httle  pool  on  Hamp- 
stead  Heath,  must  be  placed  in  this 

Genus  GLENOPHOEA (XXV. 359).— Eyes  two, placed  anteriorly;  rotary 
or<-an  frontal,  circular ;  tail  bifid,  truncated.  The  aUmentary  canal  is  short, 
thick,  and  conical ;  it  sometimes  contams  green  matter.  The  two  protrading 
forceps-like  bodies  in  the  middle  of  the  rotary  organ  may,  says  Ehrenberg, 


family,  according  to  Ehrenberg's  system ; 
but  the  mode  of  carrying  its  eggs  indi- 
cates an  affinity  with  the  Brachionaea. 
The  Ascomorpha  gemanka  of  Leydig  is 
identical  with  the  above  species. 

Mr.  Gosse  has  ascertained  that  this 
species  is  diojcious.  xl.  17  represents 
a  newly-bom  male,  and  18  a  female  with 
ova  attached. 
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be  considered  teeth ;  glands  ai-e  indicated  by  luiot-like  tiirbid  bodies.  The 
eyes  are  sharply  circumscribed,  and  situated  at  the  frontal  region.  Dujardin 
and  Leydig  believe  this  genus  to  be  based  on  young  animals,  and  as  such 
unsatisfactoiy. 


Glenophora  Tivchtts.  — Ovato-coni- 
cal,  truncated  and  turgid  anteriorly,  at- 
tenuated posteriorly,  wdth  a  false  foot ; 
the  eyes  ai-e  blackish.  It  swims  quickly, 
like  a  Tiichoda  or  free  Vorticella.  The 


genera  Monolahis  and  Microcodon  have 
similar  forms,  (xxv.  359,  360  represent 
two  animalcides,  the  latter  having  the 
stomach  filled  with  a  gi-een  substance.) 
1-570". 


FAMILY  II.— (ECISTINA. 

Eotatoria  with  a  single  rotary  organ,  entire  at  the  margin,  and  an  ex- 
ternal gelatinous  envelope.  This  family  contains  only  two  genera,  which 
possess  a  more  developed  internal  organization  than  any  hitherto  described. 
They  are  fiu-ther  provided,  according  to  Ehi-enberg,  with  locomotive  organs, 
internal  muscular  bands,  a  tail- like  foot  without  terminal  pincers ;  nutritive 
organs,  among  which  is  a  crushing  apparatus  consisting  of  teeth  in  rows ; 
two  paacreatic  glands,  and  red  visual  or  eye-spots.  In  Conochilus  alone  he 
thinks  he  observed  ganglia  with  nervous  fibrillae,  male  organs,  vessels,  and 
two  filiform  tremulous  organs  or  gills. 

This  description  is  of  coiu'se  modified  by  the  views  Ehrenberg  entertains 
respecting  the  various  organs  contained  in  the  bodies  of  these  animals.  We 
have  no  evidence  that  the  glands  are  pancreatic  ;  the  "  male  organs  "  are 
the  water-vascular  canals  of  other  writers,  of  which  the  tremulous  organs  or 
gOls  are  external  apj)endages;  the  "  vessels  "  are  muscular  bands ;  and  the 
nervous  fibrillfe  and  ganglia  have  a  more  than  doubtful  existence. 


External  envelope 


r  Special  for  each  animalcule    QEcistea. 

[  Compound,  or  common  to  many  animalcules   Conochilus. 


Both  the  (Ecistes  and  Conochilus  are  included  by  Leydig  in  his  fli^st  division 
of  Rotatorial  animals. 

Genus  OSCISTES  (XXY.  361-364).— Characterized  by  each  animalcule 
having  a  separate  lorica.  The  two  eyes,  situated  anteriorly,  become  effaced 
as  age  advances.  Ciliary  wreath  simple  and  frontal ;  the  long  tail-like  foot 
has  internal  longitudinal  muscles.  Alimentary  canal  simple,  tubular,  con- 
tracted ;  stomach  elongated ;  teeth  attached  in  rows  to  two  jaws  situated  in 
the  pharjmgeal  bulb,  and  two  glands,  compose  the  apparatus  of  nutrition. 
The  visual  organs  are  red  when  the  animalcule  is  young,  and  coloiuless  in 
old  age.  The  ovarium  has  only  a  single  ovum.  The  envelope  is  a  viscid, 
gelatiuous,  cylindrical  sheath  (urceolus),  into  which  the  animalcule  can 
entirely  withdi-aw  itself,  or  which  it  may  quit  when  a  new  one  is  desirable. 
The  attachment  to  the  bottom  of  the  lorica  is  by  the  under  surface  of  the  end 
of  the  foot-like  tail. 


(EciSTES  crystallinus.  —  Lorica  hya- 
line, viscid,  fioccose;  body  crystalliue. 
The  structm-e  it  is  difficult  to  see.  Each 
jaw  ha-s  three  distinct  teeth.  The  de- 
velopment of  the  yoimg  from  the  egg 
is  interesting  to  observe  :  Ehronberg 
saw  within  the  shell  two  dark  points 
(eyes)  near  the  already  developed  jaws ; 


and  on  giving  the  egg  a  gentle  pressure 
it  bui'st,  and  the  free  young  animal 
came  forth  (xxv.  361,  a  full-grown  ani- 
malcule in  the  act  of  unfolding  itself ; 
362,  another  with  its  rotary  organ  ex- 
panded). Their  sheaths  are  incrusted, 
and  within  may  bo  seen  a  number  of 
eggs  (363,  364  represent  them  attached 
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to  tlio  pectinated  leaves  of  the  water- 
violet,  as  they  appear  under  a  shallow 


pocket  magnifiei-).  Length,  with  tail, 
l-a6" ;  without,  1-140" ;  lorica  1-70". 


Genus  CONOCHILUS  (XXV.  365-370). — Animalcules  social,  having  con- 
glomerate and  contiguous  envelopes ;  each  has  two  permanent  eyes.  Only 
one  species  is  known;  its  description,  therefore,  will  include  that  of  the 
genus. 


CoNOCHiLtrs  Volvox. — The  compound 
masses  white ;  envelope  gelatinous,  hya- 
line, consisting  of  fi'om  ten  to  forty  ani- 
malcules united  so  as  to  form  a  sphere, 
which  revolves  in  swimming,  like  the 
Volvox.    The  frontal  region  of  the  ani- 
malcule is  broad,  tnmcated,  and  sur- 
rounded with  a  wreath  of  cilia,  inter- 
rupted at  the  mouth,  which  is  lateral. 
On  the  frontal  plane  aiise  fom-  thick 
conical  papillEe,  often  fm-nished  with  an 
articulated  biistle,  especially  the  two 
anterior,  as  seen  in  xxv.  365,  366,  and 
368.    The  oesophagus  is  short  and  nar- 
row; its  head,  or  bulb,  has  jaws,  vnth 
teeth  and  four  muscles;  it  lies  imme- 
diately within  the  mouth.  The  stomach 
and  rectiun  are  oval.    Two  spherical 
glands  are  observed  near  the  oesophagus, 
and  posteriorly  an  ovarium,  often  con- 
taining a  large  ovum,  which  is  expelled 
near  the  base  of  the  taU.    The  ovate  or 
shortly-cylindrical  body  terminates  in  a 
long,  thin,  and  sti-ong  cylindrical  foot- 
like tail,  the  end  having  a  suction-disc. 
The  gelatinous  envelope  is  only  percep- 
tible in  colom-ed  water,  except  when 
infested  with  green  parasitical  Monads ; 
the  animalcules  can  completely  withdraw 
themselves  within  it,  their  tails  becom- 


ing thickened  and  bent.    (In  the  group, 
xxv.  365-368,  the  lorica  is  not  shown.) 
There  are  no  anterior  muscles,  but  three 
pairs  of  posterior  ones,  which  disappear 
near  the  rotaiy  organ ;  there  are  also  a 
back  and  two  lateral  pau'S.  Several 
transverse  bands  appear  connected  with 
two  anterior,  lateral,  longitudinal  ones, 
which,  Ehrenberg  states,  must  arise  from 
a  network  near  the  head,  as  in  Hydatina. 
These  are  probably  musculai-.    He  has 
also  seen  two  sphal  bands,  situated  pos- 
teriorly. Two  beautiful  red  visual  organs 
lie  immediately  beneath  the  wreath  of 
cilia,  and  behind  them  little  ova]  bodies, 
which  he  regarded  as  nervous  ganglia, 
but  doubtless  erroneously.    In  the  foot- 
like  tail  are  two  large  wedge-shaped 
glands,  probably  male  organs.  _  These 
creatures  will  feed  upon  cai-mine  and 
indigo,  but  are  mostly  filled  with  a 
golden-colom-ed  food,    (xxv.  370  repi-e- 
sents  a  cluster  of  animalcules  magmfied 
about  ten  diameters,  of  which  figs.  365- 
368  represent  a  portion  highly  mag- 
nified; the  first  is  an  under  view,  the 
two  next  dorsal  "vdews,  and  the  last  a 
side  view.     xxv.  369  shows  the  jaws, 
teeth,  and  part  of  the  pharyngeal  bulb 
separate.)    Size  1-60";  sphere  1-9". 


FAMILY  III.— MEGALOTEOCMA. 

No  envelope  or  lorica.  Eotary  organ,  which  is  also  that  of  locomotion, 
simple,  incised  or  flexuose  at  the  margin.  Distant  muscular  bands  visible, 
by  means  of  which  the  shape  of  the  body  can  be  modified.  In  Megahtrocha 
the  alimentary  canal  is  provided  with  two  jaws,  a  stomach,  two  cteca,  and 
two  glandular  appendages.  In  Micrococlon  there  are  two  smgle-toothed  jaws, 
and  a  simple  canal,  without  distinct  stomach  or  cteca.  The  ovanum  in  both 
genera  develope  a  few  large  ova,  each  of  wHch  in  Megahtrocha  Ehrenberg 
Affirms,  after  expression,  is  retained  in  connexion  with  the  body  by  means  of 
a  thread.  Water-vascular  canals,  with  tremulous  tags,  exist  m  Megahtrocha  ; 
red  eve-spots  in  both  genera  indicate  a  nervous  system ;  and  m  Megahtrocha 
a  radiating  body,  supposed  to  be  a  cerebral  ganghon  and  to  foi-m  dark  glan- 
dular C^)  spheres,  ai'e  seen  in  the  neighboui-hood  of  the  mouth. 

Senberg's  divisions  of  the  family  are  given  at  p.  478  of  the  General 

^  Th7genera  contained  in  this  family  are  nndescril^ed  by  Dujardin  and 
T  J^L  whilst  Siebold  only  recognizes  Megahtrocha.  Cuphonantcs,  mst  tutcd 
l7^^re:^tn^lto  a  Jmalcules  foun/in  water  from  the  Baltic.  Dujardin 
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considers  is  a  doubtful  member  of  the  Rotatorial  class ;  and  Leydig  suggests 
that  it  is  probably  a  larva  of  some  cephalous  moUusk.  In  the  propriety  of 
excluding  it  from  amongst  the  Rotatoria  we  fully  concur.  Dujardin  and 
Leydig  also  transfer  Mia-ocodon  to  another  family,  regarding  its  caudal  process 
as  being  a  free  ai-ticulate  foot  rather  than  a  contractile  attached  peduncle. 
Its  affinities  are  imquestionably  with  Furcidaria,  Notommata,  and  Eydatina, 
rather  than  with  Megalotrocha. 

Ehrenberg's  description  of  the  ovum  of  Megalotrocha  albo-Jlavicans  con- 
tains some  grave  errors.  He  describes  the  embryo  as  developing  within  the 
germinal  vesicle,  and  gi-owing  at  the  expense  of  the  surrounding  yelk,  as  is 
the  case  with  a  vertebrate  ovum.  This  is  so  contrary  to  what  occurs  in 
other  Rotifera,  in  which  the  entii-e  yelk  is  directly  transmitted  into  the 
embryo,  that,  merely  reasoning  from  analogy,  we  should  be  led  to  reject  it. 
But  Kdlliker  has  shown  that  the  embryo  of  Megalotrocha  is  developed  in  the 
same  way  as  those  of  other  Rotifera. 

Genus  MICROCODON. — Eye  single ;  wreath  of  cilia  simple,  bent  in  the 
middle  so  as  to  resemble  the  figure  8  lying  transversely ;  alimentary  canal 
thick  and  straight,  without  a  stomach ;  no  oesophageal  tube,  but  a  sort  of 
pharyngeal  bulb  and  a  couple  of  single-toothed  jaws ;  also  a  turgid  ovarium. 
Immediately  behind  the  rotary  apparatus  is  a  small  red  visual  organ ;  and  at 
the  frontal  region,  beside  it,  is  a  reddish  knot  whose  function  is  unknown. 

MiCHOCODON  Clavm.  —  Campanulate,  organ,  and  are  in  connexion  with  the 
pedicled,  the  stylifoi-m  foot-lilce  tail  as 
long  as  the  body ;  in  the  middle  of  the 
brow  are  two  bundles  of  stiff  bristles ; 
two  pincer-like  points,  evidently  teeth, 
project  out  of  the  middle  of  the  rotary 


reddish  jaws,  (xxxii.  371  is  a  back,  and 
fig.  372  a  left  side  view.)  1-280". 

Party  thinks  that  the  so-called  eye 
consists  of  two  red  stripes,  beneath  which 
a  ribbed  body  is  faintly  discernible. 


Genus  MEGALOTROCHA. — ^Eyes  two,  sometimes  becoming  effaced  by 
age ;  rotary  organ  has  two  lappets.  The  nutritive  system  consists  of  a 
stomach,  caecum,  rectum,  and  oesophageal  head,  having  two  jaws,  with  teeth, 
and  two  glands ;  reproductive  organs,  a  short  knotted  ovarium,  with  a  few 
ova ;  muscles,  thi'ee  pair  anterior,  two  paii-  posterior,  longitudinal ;  two  con- 
tractile muscles  for  the  rotary  organ,  and  four  oesophageal ;  eyes  frontal,  of 
a  red  colour  when  young ;  four  circular  transverse  muscular  bands  are  also 
seen.  The  natm-e  of  four  opaque  white  spherical  bodies  at  the  base  of  the 
rotary  organ  is  unknown. 


Megalothocha  alho-flavicans  {Vor- 
ticella  socialis,  M.).  —  White  and  free 
when  young ;  yeUo-\vish,  and  attached  in 
radiating  clusters  when  old.  Ehrenberg 
states  he  has  often  perceived  the  red 
eyes  within  the  unbroken  egg ;  and  the 

i'aws,  as  if  in  the  act  of  chewing,  move 
aterally  and  horizontally  against  eacli 
other.  Two  ova  are  rarely  produced  at 
one  time ;  the  egg,  when  expelled  from 
the  body,  remains  attached  to  it  by  a 
thread;  and  the  parent  has  often  four 


or  five  thus  attached,  and  in  process 
of  fui-ther  development,  (xxxn.  374- 
376  represent  different  specimens ;  377 
merely  the  teeth  and  jaws  separate.) 
Upon  water-plants.  Size  of  single  ani- 
malcide  1-36" ;  of  the  spheres  1-6" 
(xxiii.  1). 

M.  velata  (Gosse). — Animals  separate ; 
disc  partially  enveloped  hi  a  cleft,  gra- 
nular integument ;  eggs  not  attached  to 
the  parent  after  deposition.  1-55". 


FAMILY  IV.— FLOSCULARIiEA. 

Rotatoria  surrounded  by  a  case  or  envelope,  and  provided  with  a  single 
rotary  organ,  flexuose  at  its  margin  and  lobcd  or  rhvidcd,  having  from  Iwo  to 
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six  clefts.    la  some  genera  the  cilia  of  this  organ  are  quiescent  at  intervals, 
not  vibrating  continuously ;  the  alimentary  canal  is  complex,  usually  divided 
transversely  into  several  segments,  and  with  various  external  appendages, 
believed  to  be  glandular,  the  proventricular  segment,  gizzard,  or  pharyngeal 
bulb  furnished  with  teeth.  Lacinularia  has  a  mouth,  oesophagus,  phaiyngeal 
bulb  with  teeth,  a  stomach  constricted  into  three  segments,  and  a  short 
intestine  ;  the  lower  stomach  clothed  internally  with  a  very  long  ciLia. 
Melicerta  has  a  similar  arrangement,  but  with  only  two  unequal  segments  in 
the  stomach,  both  of  which  are  ciliated  interiorly.    Two  water-vascular 
canals  ai'ise  from  a  contractile  sac  opening  into  the  cloaca,  and  pass  upwards, 
one  on  each  side  of  the  alimentary  canal  to  the  head,  where,  in  Lacinularia, 
they  ramify  into  a  network ;  along  their  course  they  have  appended  to  them 
small  tags  or  sacs,  each  containing  a  large  vibratile  cilium.   These  have  been 
seen  in  Lacinular'ia,  Melicerta,  and  StepJianoceros.    In  Lacinularia,  Limnias, 
and  Melicerta,  a  small  lobate  mass  exists  near  the  mouth,  believed  by  Huxley 
to  be  a  cerebral  ganglion.    Leydig  assigns  nervous  functions  to  small  bodies 
distributed  through  Lacinularia ;  but  these  appear  to  be  merely  the  small 
stellate  masses  of  viscid  protoplasm  described  by  Williamson  in  Melicerta, 
and  Leydig  in  Stephanoceros.    Eyes  exist  in  all  the  genera,  except  Tuhico- 
laria,  at  some  stage  of  life.    In  Melicerta  and  Lacinularia  they  disappear  as 
the  animal  approaches  adult  life.    Gosse  says  that  the  same  is  usually  the 
case  in  Floscularia,  but  that  he  has  occasionally  met  with  adult  specimens  in 
which  eyes  were  present.  Some  species  (if  not  aU)  have  weU-marked  fasciculi 
of  volimtary  muscular  fibre,  especially  running  parallel  to  the  long  axis  of 
the  body,  which  their  contraction  shortens.  Male  reproductive  organs  hitherto 
unobserved.    Female  organs  an  ovisac  composed  of  thin  transparent  mem- 
brane, distended  with  granular  protoplasm,  in  which  are  distributed  cells  or 
germinal  vesicles,  each  containing  a  nucleus  or  germinal  spot.  _  In  Melicerta 
this  ovarium  communicates  vsdth  the  cloaca  by  means  of  an  oviduct.  Some 
species  produce  two  classes  of  eggs,  one  being  probably  the  true  ovum,  the 
other  an  encased  gemma  or  bud.    Several  species  retain  the  eggs  within  the 
envelope  of  the  parent  until  the  young  are  hatched ;  others  set  them  free  at 
an  early  stage  of  embryonic  development. 

Ehrenberg's  arrangement  of  the  genera  of  this  family  wiU  be  found  at 
p.  478  of  the  General  History. 

Byes  present    Tubicolaria. 

One  eye  present  (when  young)    Stephanoceros. 

/  /Envelope  of  the  single  animal-  \  Limnias. 

cules  distinct  or  separateli...  j  Cephalosipbon. 


Two  eyes 
present 
(when 
young) 


Rotary  organ  two-parted  _ 
when  full-grown  


Envelope  of  the  single  animal- 1  Lacinularia. 
cules  conglomerated   J 

Eotary  organ  four-parted  when  full  grown    Melicerta. 

^  Eotary  organ  five-  to  six-parted  when  full-grown   Floscularia. 


Duiardin  has  a  family  of  "  Floscnlariens,"  which,  however,  differs  much 
from  that  of  Ehrenberg,  both  in  its  distinctive  characters  and  in  tlie  species 
assigned  to  it.  The  French  natm-aUst  includes  only  two  genera,  viz.  Fhs- 
culmia  and  Stephanoccros.  Contrary  to  Ehrenberg's  assertion,  these  two 
genera  are  stated  by  Dujardin  to  be  destitute  of  a  rotary  organ,  and  indeed 
of  vibratile  cUia,  and  are  described  as  having  a  campauulatc,  contractile 
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body,  tapering  towards  the  base  so  as  to  form  a  long  pedicle,  by  which  they 
affix  themselves  to  solid  bodies.  Theii'  mouths  are  furnished  with  homy  jaws. 
Speaking  of  their  affinities,  ho  remarks,  "  The  Flosciilanens,  hke  the  Meli- 
certiens,  also  have  a  certain  affinity  in  form  with  the  Voi-ticeUiens  and  the 
Stentors,  and  also  with  the  Campamdarice  among  polypes.  They  live  m  the 
same  way,  fixed  to  water-plants  by  the  pedicle  of  their  campanulate  body,  the 
mai-gin  of  which  presents  five  or  six  lobes,  terminated  by  appendages  or  cilia, 
without,  however,  any  indication  of  a  vibratile  movement.  At  the  bottom  of 
this  wide  opening  is  situated  the  mouth,  provided  with  jaws  attached  to  a 
muscular  bulb,  less  frequent  and  regidar  in  its  movements  than  the  other 
Rotatoria.  In  Floscularia  the  jaws  are  simple,  and  the  lobes  of  the  (anterior) 
margin  short,  but  with  long  radiating  cilia;  whilst  in  StepJianoceros  the  jaws 
are  compoimd,  and  the  marginal  lobes  very  long  and  covered  vdth  short 
cilia."  Dujardin  states  fui'ther,  that  the  gelatinous  case  of  Floscularia  may 
disappear,  and  therefore  cannot  be  used  as  a  generic  distinction,  either  in  the 
case  of  that  genus  or  indeed  of  the  other  genera  included  in  Ehrenberg's 
family  of  the  same  name.  Entertaining  this  opinion  of  the  differences  of  the 
gelatinous  envelope  being  accidental,  not  constant,  Dujardin  rejects  the  genus 
Limnias  as  not  distinct  from  Ladnularia,  whilst  he  denies  that  the  latter  is 
genericaUy  distinct  from  Megalotrocha — a  conclusion  in  which  Huxley  is  dis- 
posed to  agree  with  the  French  natiirahst.  Of  the  remaining  genera  of 
Ehrenberg's  family  Flosculariffia,  viz.  Tuhicolaria,  Ladnularia,  and  Melicerta, 
to  which  he  adds  Ptycjura,  already  described,  Dujardin  constitutes  a  family 
which  he  terms  Melicertiens.  In  some  of  these  objections  there  is  force. 
Floscularia  and  StepJianoceros  undoubtedly  difiPer  from  the  remaining  genera 
in  the  form  assumed  by  cihated  appendages  supposed  to  represent  the  trochal 
disk  of  Melicerta  and  Ladnularia.  Gosse  states  that  in  Floscularia  rotation 
is  accomphshed,  not  by  the  tiifts  of  long  setse,  but  by  cUia  set  on  the  inner 
surface  of  the  disk,  which  cause  the  currents  to  converge  to  the  mouth  of  the 
animal ;  hence,  if  the  setigerous  bulbs  of  Floscularia  and  the  ciliated  arms  of 
StepTianoceros  are  not  the  homologues  of  the  true  trochal  disks  of  Melicerta, 
the  propriety  of  Ehrenberg's  definitions  is  seriously  impaired.  But  we  see 
no  reason  for  rejecting  this  homology  in  the  case  of  StepJianoceros  merely 
because  the  motion  of  the  verticUlate  cilia  is  periodic  and  interrupted  instead 
of  continuous :  and  if  Mr.  Gosse  is  correct  in  his  conception  respecting  Floscu- 
laria, it  is  equally  entitled  to  its  present  place ;  for  whilst,  on  the  one  hand, 
it  is  not  essential  to  a  trochal  disk  that  its  moving  ciha  shoiild  be  arranged  at 
its  margin,  on  the  other,  these  cilia  do  not  exclude  the  possibility  of  other 
appendages,  such  as  the  pencils  of  setse  in  Floscularia,  beiag  attached  to  the 
same  organ,  though  such  appendages  may  have  no  homologues  amongst  the 
other  ElosciUarian  genera. 

Diijardin's  objection  respecting  the  gelatinous  case  of  Floscularia  is  probably 
based  on  en-or.  Mr.  Gosse  has  shown  that  in  some  cases  it  is  so  thin  tiiat  it 
might  easily  be  overlooked,  without  great  cai'o  being  taken  to  discover  it. 

Leydig  of  course  rejects  Ehrenberg's  family  of  Floscularia,  arranging  the 
animals  composing  it  in  his  first  group,  along  with  CEdstes  and  ConocJiilus, 
with  which  they  have  unquestionably  a  very  close  affinity. 

The  creatures  composing  this  family  are  imdoubtedly  among  the  most 
interesting  and  beautifid  of  Infusorial  animals.  Their  developed  organiza- 
tion, and  singular  habits,  render  them  objects  of  the  highest  interest,  both 
to  the  naturalist  and  the  physiologist;  whilst  their  exquisitely  beautiful 
contoiir  and  the  magnificent  phenomena  presented  by  the  trochal  cilia  wlien 
in  active  rotation,  never  fail  to  impress  even  the  most  careless  of  obsei-vers 
with  a  sense  of  wonder  and  delight. 
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Genus  TUBICOLARIA  (XXXII.  379-382).  —  Figure  clavate,  with  a 
transparent  gelatinous  case.  Eotary  organ  deeply  fissured  on  the  abdominal 
aspect,  and  less  strongly  on  the  dorsal  side,  by  which  it  is  divided  into  two 
lappets,  each  of  which  is  again  partially  subdivided  into  two.  Ciliary  wreath 
double,  with  a  space  between  the  rows.  Mouth  opening  directly  into  the 
oesophageal  bulb,  in  front  of  which  is  a  small  vesicular  organ  filled  with  pale- 
reddish  matter.  Stomach  long,  with  thick  ceUular  walls  and  four  glandular 
organs  surrounding  its  upper  extremity.  Intestine  thin  and  clear,  curving 
slightly  forward  towards  the  anus.  Two  water- vascular  canals  extend  along 
the  body,  apparently  forming  a  network  at  the  head,  and  bearing  a  couple  of 
vibratile  tags.  No  contractile  vesicle  observed  at  their  cloacal  extremity. 
Foot,  by  means  of  which  it  adheres  to  foreign  bodies,  terminated  by  a  bimdle 
of  cilia.  Two  tentacles  extend  from  the  abdominal  surface,  a  little  below 
the  mouth ;  each  has  a  clear  fibrous-looking  tract  along  its  centre,  and  is 
terminated  by  a  bundle  of  setae.  Embryo  with  the  gelatiaous_  sheath  colour- 
less, but  acquiring  consistency  and  a  yellowish  hue  with  advancing  age.  There 
is  a  small  concretionary  mass,  apparently  surrounded  by  a  sac,  aflBrmed  by 
some  to  be  urinary,  in  the  body  of  the  embryo. 


with  those  of  the  following  genus  ;  fig. 
379  represents  an  animalcule  within  its 
case,  the  rotary  organ  withdrawn;  fig. 
380,  another  extended,  and  without  its 
lorica ;  fig.  382,  the  oesophagus,  with  the 
jaws  and  teeth  separate.  1-36". 


T-DBicoLAUiA  Najas. — The  jaws  have 
four  teeth ;  and  the  tactile  tubes  are  hairy 
anteriorly.  This  animal  is  described  fidly 
in  the  accoimt  of  the  genus ;  and  xxxce. 
378-382  will  illustrate  it.  381  represents 
the  animals  of  natiual  size,  as  foimd  at- 
tached to  the  roots  of  Lemna  polyrrJiiza, 

Genua  STEPHANOCEROS  (XXXII.  383;  XXXVII.  1-4).  —  Figure 
clavate,  with  five  long  anus  at  its  anterior  extremity,  sui-rounded  by  verticils 
of  ciHa.    Sheath  without  paraUel  sides  and  with  strong  paraUel  folds  or 
curves ;  either  crystalline  without  any  foreign  admixture,  or  sometimes  over- 
spread with  smaU  Hnear  bodies  like  smaU  dead  Vibrios  or  Microglence.  _  It 
apparently  is  not  tubular,  but  a  soHd  gelatinous  mass  envelopes  the  animal 
as  high  up  as  the  base  of  the  rotary  arms.    Acetic  acid  renders  it  white,  and 
nitric  acid  renders  its  outline  more  clear.    Beneath  the  cuticle  is  a  granular 
layer  containing  nucleated  cells.    The  ciHa  of  the  arms  appear  planted  m  a 
granular  stratum  external  to  the  cuticle,  from  wHch  they  are  detached  m 
bundles  when  subjected  to  sHght  pressure.    A  deep  transverse  fold  oi  the 
integument  exists  at  the  base  of  the  rotary  organ,  and  contraction  throws  the 
peduncle  into  corresponding  folds.    Between  the  skin  and  the  viscera  are 
numerous  branching  corpuscles  resembling  ceHs  of  connective  tissue.^  Ihese 
cells  correspond  with  what  were  described  by  Professor  Williamson  m  Meh- 
certa  ringens.  They  look  like  smaU  globules  of  ductHe  protoplasm,  a,nd  closely 
resemble  the  ductile  bands  seen  in  Noctiluca  miliaris.    It  is  not  impossible 
that  these  may  reaUy  be  some  unchanged  remains  of  the  protoplasm  ot  the 
ovum,  which  they  closely  resemble.    Four  long  muscles,  contamed  m  sarco- 
lemmata  or  sheaths,  proceed  from  the  foot  anteriorly,  branching  dichotomously. 
Alimentary  canal  composed  of  a  funnel-lilie  oral  cavity,  opening  into  a  still 
wider  proventriculus  having  an  intermediate  septum  and  four  long  bnstles 
with  hooked  extremities,  then  a  globular  maxiUaiy  bulb,  conductmg  to  a 
Tnecial  stomach,  which  terminates  in  a  short  intestine.    The  oral  cavity  is 
lined  with  fine  ciHa ;  and  the  proventriculus  consists  of  two  membranes,  not 
n  close  contact,  but  with  a  narrow  intermediate  space.  The  maxillary  teeth, 
ihe  Hning  of  the  maxillary  bulbs,  and  the  cesophageal  bristles  resist  the 
action  of  liquor  potassae,  indicating  a  chitinous  composition.    The  walls  of  the 
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stomach  have  a  thick  layer  of  large  ceUs  fiUed  Avith  yeUow  granules  or  fat- 
corpuscles.  Intestine  transparent  and  ciliated  internally.  A  contractile  sac 
connected  with  the  cloaca,  from  which  spring  two  broad  water-vascular 
canals,  which  are  lost  anteriorly  in  front  of  a  fatty  mass  surrounding  the 
proventriculus.  Ovarium  developing  but  few  ova  at  a  time ;  these,  when 
discharged  from  the  ovary,  are  still  seen  to  be  enclosed  in  a  membranous 
oviduct,  extending  from  the  ovary  to  the  cloaca.  No  male  organ  hitherto 
discovered. 

Immediately  above  the  proventriculus  is  a  large  collection  of  hyahne 
vesicles,  which  evidently  open  externally  by  a  short  duct.  A  dark  granular 
vesicle  appears  at  the  posterior  end  of  the  body  of  the  embryo,  as  in  Tubico- 
lana  and  Melkerta, — supposed  by  some  authors,  but  without  sufficient  reason, 
to  be  a  urinary  concretion.  Two  eye-specks  at  the  opposite  extremity  of  the 
embryo.  Two  vibratile  spaces  also  appear  simultaneously,  the  one  in  front 
of  the  other.  The  vibratile  action  is  active  within  the  anterior  one,  whilst 
within  the  other  a  few  long  ciHa  undulate  slowly. 

When  the  embryo  is  first  distinguishable,  and  separable  from  the  egg,  it 
has  a  vermiform  figure,  and  is  about  124  millimetres  in  length.  The  head, 
supporting  the  eyes,  is  separated  from  the  body  by  a  constriction ;  its  margin 
is  ftirnished  with  numerous  cilia,  the  whole  being  retractile.  Within  the 
body  and  behind  the  head  are  several  longitudinal  stripes  of  a  doubtful 
natui'e ;  and  still  more  posteriorly  is  a  clear  space  with  some  long  cilia  in 
action,  which  may  represent  the  alimentary  cavity ;  the  maxillary  jaws  are 
perceptible,  and  the  posterior  extremity  furnished  with  some  cilia.  On  one 
occasion  Leydig  met  with  another  form  of  embryo,  which  retained  the  vermi- 
form aspect  in  its  body  and  foot,  but  with  the  former  elongated,  and  termi- 
nated by  four  arms.  Two  eye-specks  present,  and  a  proboscis  in  front,  with 
two  extended  tubular  processes  terminated  by  cilia.  Extremity  of  the  foot 
devoid  of  ciHa.  The  maxillae  were  fuUy  developed ;  and,  near  the  sac  with 
the  dark  granular  concretions,  ciliary  vibration  was  discernible.  Leydig 
thinks  that  the  dark  granules  of  the  sac  escape  into  the  cloaca,  and  regards 
them  as  urinary  concretions  accumulated  in  the  extremity  of  the  intestine. 
Cohn  rejects  the  idea  that  they  so  escape  ;  and  we  believe  him  to  be  correct 
on  this  point.    The  granules  ai"e  affected  by  potash,  but  not  by  acetic  acid. 


Stephanoceros  Eichhornii  (xxxn. 
383;  xxxvii.  1-4).  —  The  case  transpa- 
rent, like  glass ;  rotary  organ  with  five 
lobes  or  arms,  each  furnished  with  fifteen 
verticils  of  cilia ;  these  arms  act  occasion- 
ally as  prehensile  instruments.  As  the 
eggs  are  detained  in  the  case  imtil  the 
young  are  hatched,  Ehi'enberg  erroneously 
considers  this  creature  viviparous.  In 


XXXII.  383,  the  eye  and  tags  are  visible,  and 
over  the  latter  what  Ehrenberg  calls  gan- 
glia. The  case  is  discerned  with  difiiculty, 
from  its  very  transparent  natm-e,  unless 
indigo  is  mixed  with  the  water.  1-36". 

S.  glacialis. — Only  one  specimen  seen 
without  its  stem.  The  five  arms  not 
fm-nished  with  ciliary  whorls,  but  with 
single  bristles.  1-14"'. 


The  internal  organization  Stephanoceros  is  well  illustrated  in  XXXYII.  1 : 
h  is  the  pharyngeal  bulb,  resting  upon  a  proventriculus  or  crop  c,  below 
which  is  the  maxillary  bulb  d,  containing  the  jaws ;  e  is  the  stomach,  with 
its  large  cells  ;  whilst  /  is  the  intestine,  terminating  at  the  cloaca  ;  g  is  the 
ovary  containing  ova ;  h  indicates  dehcate  longitiidinal  muscles,  extending 
down  the  peduncle;  and  tt  the  water-vascular  canals  with  theii-  vibratile 
tags. 

In  fig.  2  the  detached  ovaiy  is  represented,  consisting,  as  is  usual  amongst 
the  Rotatoria,  of  a  delicate  membranous  sac,  /,  prolonged  into  an  oviduct. 
The  contained  ova  are  seen  in  different  stages  of  development.  At  a  is  the 
stroma  or  granular  mass,  with  its  germs ;  h  is  an  ovum  in  the  first  stage  of 
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fission ;  at  c  the  ovum  has  undergone  several  repetitions  of  the  yelk-division ; 
and  at  cl  is  an  ovum  in  which  the  contoiu-  of  the  embryo  is  visible.  The  t\vo 
eye-spots  seen  at  cl ;  and  the  so-called  dark  urinary  concretion,  seen  also  in 
embryonic  MeUcertce  and  others,  at  Jc.  The  real  nature  of  thifi  last  object, 
which  is  seen  only  in  the  embryonic  state  of  these  animals,  is  yet  doubtful. 
Fig.  3  represents  a  very  yoimg  Steplianoceros  a  little  after  its  liberation 
from  the  ovum ;  and  fig.  4  another  immediately  after  its  liberation  from  its 
sheU.  The  dorsal  aspect  of  the  jaws  of  the  maxillary  bulb,  according  to 
Mr.  Gosse,  is  represented  in  XL.  27,  and  the  oblique  aspect  of  the  incus  in 
XL.  28. 

Genus  LIMNIAS  (XXXII.  388-392;  XXXVI.  2).  —  Eyes  two;  case 
(urceolus)  solitary ;  rotary  organ  two-lobed  when  fully  grown,  bemg  then 
constricted  in  the  middle  ;  alimentary  canal  simple,  terminating  at  the  base 
of  the  foot  or  tail ;  stomach,  tAVO  jaws  with  teeth,  and  two  glands  also 
present.  The  ova  are  deposited  within  the  case,  where  they  are  developed ; 
neither  male  organs  nor  water-vascular  canals  discovered ;  two  visual  organs 
indicate  sensation:  these  in  the  young  animalcules  are  red,  and  are  even 
visible  within  the  ovum ;  but  in  old  age  the  colour  disappears,  and  hence 
they  are  not  seen.  In  the  middle  of  the  rotary  organ,  when  expanded,  are 
seen  foiu-  large  globules,  which  Ehrenberg  erroneously  considers  nervous 
ganglia,  or  brain 


Ijmm AS  CeratophylU  (xxxn.  388-392 ; 
xxxyj_  2). — Case  white  at  first,  after- 
wards brown  or  blackish;  smooth,  but, 
being  viscid,  often  covered  with  extra- 
neous particles ;  its  connexion  with  the 
animalcule  is  a  voluntary  act  of  _  the 
latter;  the  two  red  eyes  and  the  jaws 
may  be  observed  ia  the  ova  when  de- 
veloped; by  giving  the  latter  a  gentle 
pressure  the  shell  bursts,    xxxn.  389 
exhibits  an  animalcule  just  emerged  from 
the  egg,  392 ;  391  a  yoimg  specimen, 
with  a  rotary  organ  nearly  circular,  and 
two  eyes ;  390  a  fuU-grown  specimen, 
without  its  case,  fed  on  uidigo— the 


jaws  (each  of  which  has  thi-ee  strong 
teeth),  the  ova,  and  the  ti-aces  of  lon- 
gitudinal muscles  are  seen,  the  wheel 
is  folded  up;  388  another,  withui  its 
case,  having  the  lobed  rotaiy  organ  ex- 
panded, (xxxvi.  2.  is  more  magnified.) 
Foimd  upon  homwort  (Ceratophyllum) 
and  other  aquatic  plants.  Length  about 
1-20";  case  1-40". 

Jj.  annulatus  (Bailey). —The  case  is 
ribbed  and  semitransparent,  and  is  com- 
posed of  a  linear  series  of  i-ings.  Foimd 
in  a  ditch  at  Witliagham,  near  Norwich, 
on  duck  weed  (Brightwell) ;  and  by  Dr. 
Bailey  near  New  York,  U.S. 


Genus  CEPHALOSIPHON.  —  Rotary  organ  bUobed;  eyes  two;  sheath 
single  ;  two  frontal  horns,  iacluding  the  siphon. 

Cephalosiphon  XM)^w^•as.— Sheath  membranous,  annulate.  1-6"'  to  1-5"'.  On 
Ceratophyllum.    Beiiia,  July. 

Genus  LACINULAEIA  (XXXVII.  19-25).  — Eyes  two  (in  the  young 
state);  the  cases  (ui'ceoH)  conglomerate,  or  grown  together;  rotaiy  organ 
two-lobed  when  full-gi-own,  but  nearly  cii'cular  when  joiing :  this  organ  is 
the  cHef  instiniment  of  locomotion.  Band-like  longitudinal  muscles  exist 
within  the  body.  Pharyngeal  bulb  large,  with  two  jaws,  and  teeth  in  rows  ; 
Tsophagus  short,  narrow;  stomach  elongated,  transversely  constncted,  and 
3  ceecal  (?)  appendages ;  short.  The  ovarium  is  situate  about  the  middle 
^  the  body  and  opens,  along  with  the  intestine  and  the  contractile  sac  of 
?he  water-vascular  Janals,  into  the  c^cum.  Visual  organs  exist  m  the  young 
statl  red  in  the  developed  ovum,  but  becoming  darker  as  they  advance  to 
maturity  Globular  bodies  support  the  oesophagus  on  each  side ;  and  below 
the  mouth  is  a  smaU  organ,  supposed  to  bo  the  bram. 
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Lacinularia  socialis  (Voriicella  so- 
cialii)  et  f  oscidosa,  M.)  (xxxvii.  19).— 
Envelope  gelatinous,  transparent,  in 
wliicli  ai'e  implanted  numerous  indivi- 
dual animals,  that  have  imitedly  throw 
out  the  gelatinous  secretion  in  vrhich 
they  are  imbedded.  Body  elongated,  co- 
nical peduncle  (xxxvn.  19  k)  truncated 
and  forming  at  its  posterior  extremity 
a  sucker,  attaching  the  animal  to  the 
foreign  object  supporting  the  entii-e 
group.  Troclial  disc  at  the  anterior  ex- 
.tremity  of  the  bodj^,  into  which  it  is 
drawn  when  at  rest  (xxxvii.  19  a),  but 
expanding  into  a  horseshoe-shape,  with 
a  double  row  of  cilia  round  its  margin. 
Mouth  in  the  notch  of  the  ti-ochal  disk. 
Pharynx  leading  to  a  pharyngeal  bidb 
(19  b),  in  which  the  jaws  are  planted. 
These  are  not  stirrap-shaped,  as  described 
by  Ehrenberg,  but  composed  of  four 
pieces  (xxxvii.  20).  CEsophagus  passing 
thi'ough  the  bulb  reaches  the  fii-st  sto- 
mach (19  e),  into  which  two  cellular 
appendages,  regarded  by  Ehrenberg  as 
pancreatic,  open.  Below  this  is  a  second 
dilation  (19  d),  furnished  with  several 
short  cellular  cseca,  and  still  lower  a 
third,  more  globular  segment  (19  e), 
also  fimiished  with  external  cellular 
cseca,  and  clothed  internally  with  long 
cilia.  From  this  a  short  intestine,  ac- 
cording to  Huxley,  tm-ns  upwards  and 
outwards,  terminating  in  a  cleft  of  the 
integiunent  on  the  same  side  as  the 
mouth.  This  "  intestine "  is  probably 
the  cloaca  of  other  writers.  Two  water- 
vascular  canals  (19  i)  arise,  one  on  each 
side  of  the  intestine  (cloaca),  and  ascend 
on  opposite  sides  of  the  body  towards 
the  head.  They  divide  opposite  the  pha- 
ryngeal bulb,  each  into  three  branches, 
one  of  these  uniting  with  its  fellow,  the 
others  temiinating  as  cseca ;  within  these 
are  distributed  five  pairs  of  long  vibratile 
cilia.  Vacuolar  thickenings  of  the  in- 
tegimient  exist  in  several  parts  of  the 
body.  A  small  ciliated  sac  is  located 
below  the  mouth,  and  still  lower  is  a 
small  organ  believed  by  Prof  Huxley  to 
be  the  cerebral  ganglion.  Two  eye-spots 
occur  on  the  trochal  disc  of  the  young 
animal  (xxxvii.  11),  but  they  disappear 
in  the  adult.  No  male  reproductive 
organ  hitherto  discovered.  Prof  Hux- 
ley's description  of  the  female  organs, 
and  the  development  of  the  ova,  is  as 
follows :— "  The  ovary  consists  of  a  pnlo, 
slightly  granular  niaas,  of  a  transversely 
elongated  form  (19  A),  and  somewhat 
bent  round  the  intestine ;  it  is  enclosed 
in  a  delicate   transpnrent  membrane, 


which  is  hardly  visible  in  the  unaltered 
state,  but  becomes  very  obvious  by  the 
action  of  acetic  acid,  which  conti-acts 
the  substance  of  the  ovary  and  throws 
the  membrane  into  sharp  folds." 

Pale  clear  spaces  (xxxvii.  7),  which 
sometimes  seem  to  be  limited  by  adistinct 
membrane,  are  scattered  through  the 
substance  of  the  ovary;  and  in  each  of 
these  a  pale  circular  nucleus  is  contained. 
The  nucleus  is  more  or  less  opaque,  but 
usually  contains  fi'om  one  to  three  clear 
spots.  These  are  the  germinal  vesicles 
and  spots  of  the  future  ova.  Acetic  acid, 
in  contracting  the  pale  substance,  groups 
it  roimd  these  vesicles,  without,  how- 
ever, breaking  it  up  into  separate  masses. 
It  renders  the  nuclei  more  evident. 

The  ova  are  developed  thus : — One  of 
the  vesicles  increases  in  size ;  and  reddish 
elementary  granules  appear  in  the  ho- 
mogeneous substance  around  it.  This 
accumidation  increases  until  the  ovum 
stands  out  from  the  surface  of  the  ovaiy, 
but  invested  by  its  membrane,  which,  aa 
the  ovimi  becomes  separated,  takes  the 
place  of  a  vitelline  membrane. 

In  the  meanwhile  the  gei-minal  ve- 
sicle has  increased  in  size ;  and  its  nu- 
cleus is  no  longer  visible.  In  the  ovum 
it  appears  as  a  clear  space ;  isolated  by 
crushing  the  ovum,  it  is  a  ti'ansparent, 
colomless  vesicle.  The  perfect  ova  are 
oval,  about  1-10"  iu  diameter,  and  are 
extruded  by  the  parent  into  the  gela- 
tinous connecting  substance,  where  they 
undergo  their  development. 

The  changes  that  take  place  after  ex- 
trusion, or  even  to  some  extent  within 
the  parent,  are — 1,  the  disappearance  of 
the  genninal  vesicle  (as  Huxley  judged 
from  one  or  two  ova  in  which  he  coiddfind 
none) ;  2,  the  total  division  of  the  yelk  (as 
described  by  Kolliker  in  Megalotrocha), 
until  the  embryo  is  a  mere  niass  of  cells 
(xxxvii.  5,  6,  8,  9),  from  which  the  va- 
rious organs  of  the  foetus  are  developed. 

The  yoimgest  foetuses  are  about  1-70" 
in  length.  The  head  abruptly  tnm- 
cated  (xxxvn.  10),  and  separated  by  a 
constriction  from  the  body.  A  sudden 
naiTowing  separates  the  other  extremity 
of  the  body  from  the  peduncle,  which  is 
exceedingly  short,  and  proA-ided  with  a 
ciliated  cavity  (a  sort  of  suclcer)  at  its 
extremity,  llie  head  is  nearly  circular, 
seen  from  above,  and  presents  a  centi'al 
protuberance,  in  Avhich  the  eye-spots  are 
situated.  The  margins  of  this  protu- 
berance are  provided  ^vith  long  cilia, 
which  will  become  the  upper  circlet  of 
cilia  in  the  aduU.   In  young  Laci'im/nri'V 
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1-30"  in  length,  the  head  has  become  1 
tiiangular  (xxxvii.  11),  and  thus  it  ma- 
dually  takes  on  the  perfect  form.  _  The 
young  had  previously  crejjt  about  in  the 
gelatinous  investment  ot  the  parents; 
they  now  begin  to  "swarm,"  uniting 
too-ether  by  their  caudal  extremities,  and 
are  readily  pressed  out  as  free-swimming 
colonies,  resembling  in  this  state  the 
genus  Conochilus  (Huxley).  But,  besides 
the  ova  whose  development  is  thus  de- 
scribed, Professor  Huxley  observed  a 
second  class,  to  which  he  refers  as  fol- 
lows:—  "In  a  fully-grown  Lacinularia 
which  has  produced  ova,  the  ovary,  or  a 
large  portion  of  it,  begins  to  assume  a 
blackish  tint  (xxxvii.  22);  the  cells, 
with  their  nuclei,  imdergo  no  change, 
but  a  deposit  of  strongly  refracting  ele- 
mentary granules  takes  jplace  in  the  pale 
connecting  substance.    Every  transition 
may  be  ta-aced,  from  the  deep  black  por- 
tions to  unaltered  spots  of  the  ovarium ; 
and  pressm-e  always  renders  the  cells 
with  their  nuclei  visible  amongst  the 
granules.  The  investing  membrane  of  the 
ovary  becomes  separated  from  the  dark 
mass,  so  as  to  leave  a  space ;  and  the  outer 
surface  of  the  mass  mvests  itself  with 
a  thick  reddish  membrane  (xxxvii.  24), 


which  is  rough,  elastic,  and  reticulated 
from  the  presence  of  many  minute  aper- 
tures. This  membrane  is  soluble  in  both 
hot  nitric  acid  and  caustic  potass.  The 
nuclei  and  cells,  or  rather  the  clear  spaces 
indicating  them,  are  still  visible  upon 
pressure,  and  may  be  readily  seen  by 
bm-sting  the  outer  coat.   By  degrees  the 
ephippial  ovum  becomes  lighter,  until  at 
last  its  colom-  is  reddish-brown,  like  that 
of  ordinary  ova ;  but  its  contents  are  now 
seen  to  be  divided  into  two  masses,  hemi- 
spherical from  mutual  contact  (f.  21).  If 
this  body  be  now  crushed,  it  will  be  found 
that  an  inner  sti-uctm-eless  membrane 
exists  within  the  first-stated  membrane, 
and  sends  a  partition  inwards  at  the  line 
of  demarcation  of  the  two  masses.  The 
contents  are  precisely  the  same  as  before, 
viz.  nuclei  and  elementary  granules.  I 
was  imable  to  ti-ace  the  development  of 
these  ephippial  ova  any  further." 

Professor  Huxley  thus  indicates  his 
belief  in  the  existence  of  two  classes  of 
ova  in  Lacinularia,  one  of  which  he 
thinks  probably  requii-es  sexual  fecunda- 
tion, whilst  the  others  do  not.  Cohn 
believes  that  the  bodies  usually  termed 
ova  by  Huxley  and  others  are  not  so, 
but  internal  gemmse. 


Genus  MELICERTA  (XXXII.  386, 387 ;  XXXYI.  1 ;  ^XXYII  12-^^^^^^^ 
-With  a  case  or  envelope;  solitary;  rotary  organ  simple,  with  fom  lobes 
when  expanded;  free  longitudinal  muscles  for  the  '^^^^^t^^, 
alimentary  canal  divided  into  segments,  m  one  of  ^^^^f  (*^'^,XbSSin 
S)  are^complex  jaws;  mouth  situate  at  the  ^-}^--^f.i^l.^^^  ^^^^Z 
the  two  larger  lobes  of  the  rotary  organ;  the  orifice  of  the  cloaca  near  me 
^cSn  of  the  long  peduncle  with  the  body.    Male  generative  organization 
iXor  bS?eved'by  Mr.  Gosse  to  be  dioecious.    Female  o^J^-  ^ 
ovary  fiUed  with  granular  protoplasm  and  germinal  vesicles  as  in  the  pre 
Sg  genus  but  with  a  distinct  oviduct  opening  into  the  cloaca.  T^^^o 
wat'-vSar  canals,  arising  from  a  --tractile  vesicb  ascend  tow^^^^^^ 
head.    Two  tactile  appendages,  with  ^etig^o^s  extiWies  on  eac^^^^^^  the 
head.    Two  eye-spots  in  the  young  animal.    Nervous  system  unceitam. 


Melicerta  ringens.  —  Case  (xxxvi. 
\d)  conical,  granulated,  resembling  a 
honey-comb,  of  a  brownish-red  colour; 
it  is  composed  of  small  lenticular  bodies, 
secreted  and  deposited  by  the  animalcule ; 
these  are  agglutinated  by  a  peculiar 
viscid  matter,  afterwards  hardened  m 
the  water.    Into  this  tube  the  soft  cry- 
stalline or  whitish  animalcule  can  with- 
draw itself;  and  when  its  flower-like 
wheel-work  (la)  is  expanded,  the  vibra- 
tile  cilia  appear  to  run  alon- the  ninr^^n  of 
this  organ  i  but,  in  fact,  eacl  single  cilium 
only  turns  itself  upon  its  base,  their  aggre- 
gati  motion  causing  a  little  whirlpool  ui 


the  water,  dkected  towards  the  mouth, 
which  is  situated  in  the  middle  of  the  two 
laro^e  leaflets  of  the  rotary  organ;  the  eyes 
in  the  young  animal  are  placed  near  the 
two  other  bent  leaflets,  which,  according 
to  Ehrenberg,  are  analogous  to  a  clett 
upper  lip  of  the  dorsal  sm-face :  the  dis- 
charfjing  orifice  is  on  the  same  side;  and 
therefore  the  doi-sal  tail-like  portion  be- 
comes a  ventral  member  or  foot.  (xxxn. 
38G,  an  animalcule  within  its  case,  having 
the  rotary  organ  contracted ;  hg.  88/,^^^th 
the  trochal  disc  fully  expanded:  the  ca.^e 
is  given  in  outline  only,  m  order  to 
show  the  internal  structure.)  OuLemnro 
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and  other  aquatic  plants.  Length  1-12" ; 
case  1-24"  ;  egg  1-150". 

The  pellets  forming  the  case  were 
thought  by  Ehrenberg  and  others  to  be 
deposited  from  the  cloacal  oriiice ;  but, 
from  the  cai-eful  researches  of  Mr.  Gosse, 
this  appears  to  be  an  error  {Trans. 
Microsc.  Soc.  1851,  vol.  iii.  part.  ii.  p.  62). 
That  observer  points  out  the  existence 
of  a  special  rotating  organ  of  a  cup-like 
figui-e  (xxxvi.  1  c)  (the  disc  seen  above), 
seated  immediately  above  the  projecting 
tube.  This  organ  he  saw  fill  and  empty 
itself  "  many  times  in  succession,  until 
a  goodly  ai-ray  of  dark  pellets  were  laid  " 
down  irregiiiarly,  the  animal  effecting 
their  distribution  by  bending  its  head 
downward,  so  as  to  bring  this  cup  and 
the  margin  of  its  sheath  into  apposition. 
"  After  a  certain  munber  were  deposited 
in  one  paa-t,  the  animal  would  suddenly 
turn  itself  roimd  in  its  case  and  deposit 
some  in  another  part.  It  took  from  two 
and  a  half  to  three  and  a  half  minutes  to 
make  and  deposit  a  pellet."  Coloiu'ed 
pai-ticles  in  the  water  "  are  hm-led  roimd 
the  margin  of  the  ciliated  disc,  until  they 
pass  off  in  front  through  the  great  sinus 
between  the  lai-ge  petals ; "  and  the  atoms, 
if  few,  "glide  along  the  facial  surface, 
following  the  m-egularities  of  the  out- 
line with  great  precision,  dash  round  the 
projecting  chin,  and  lodge  themselves 
one  after  another  in  the  little  cup-like 
receptacle  beneath,"  in  which  again  they 
are  whirled  round  with  gTeat  rapidity, 
and  prepared  into  pellets  for  the  building 
up  of  the  case  of  the  animal. 

The  internal  organization  of  this  ani- 
mal has  been  investigated  by  Professor 
Williamson.  Like  Lacinularia,  the  tro- 
chal  disc  is  double  at  its  mai-gin,  -with 
two  rows  of  rotary  ciHa,  the  currents 
created  by  which  are  directed  to  the 
mouth  and  pass  off  by  the  ciliated  "chin" 
— a  small  additional  lobe  above  the  cili- 
ated cup  of  Mr.  Gosse.  On  each  side  of 
the  trochal  head  are  two  hollow  pro- 
cesses or  "  calcars  "  —  the  respiratory 
tubes  of  Ehrenberg,  but  which  are  pro- 
ba,bly  tactile  (xxxvn.  17  d).  These  ter- 
minate externally  in  a  deltoid  body  (13), 
from  which  projects  a  pencil  of  straight 
setse.  Along  the  interior  of  this  tube  is 
a  delicate  muscidar  band,  by  which  the 
setigerous  extremity  can  be  drawn  back- 
wards into  the  tube  (14),  and  the  setro 
thus  be  removed  out  of  danger.  The 
alimentai-y  canal  much  resembles  that  of 
Lacinularia.  There  is  a  narrow  oeso- 
phagus conducting  downwards  to  the 
pharyngeal  bulb  (figs.  17  e  and  23),  in 


which  are  implanted  the  peculiar  jaws : 
these  are  complex  (f.  20),  consisting  of 
equilateral  sets  of  numerous  transverse 
bars,  those  of  each  set  connected  at  their 
peripheral  extremities  by  an  arcuate  lon- 
gitudinal one,  and  at  their  inner  extre- 
mities by  a  double  broad  longitudinal 
one  prolonged  upwards  into  a  long  nar- 
row handle  or  process  which  meets  its 
fellow  of  the  opposite  side  at  a  kind  of 
hinge-like  joint.  These  jaws  work  upon 
one  another  with  a  crushing  motion  by 
means  of  the  above  joint, — the  upper  part 
of  the  alimentary  canal,  and  consequently 
the  food  swallowed,  passing  between 
them.  Below  the  pharyngeal  bulb  is  an 
oblong  stomach,  with  cellular  parietes 
and  lined  with  cilia.  A  constriction 
separates  this  from  a  lower  and  more 
spherical  portion  (17  g),  also  cellular 
and  lined  with  stiU  longer  cilia.  This 
opens  into  a  long  cloaca  (Ilk),  which 
turns  suddenly'  upwards  to  its  terminal 
outlet  (17 1).  The  interior  of  the  body 
contains  numerous  free  muscidar  bands. 
These  are  especially  distinct  in  the  pe- 
dimcle,  along  the  entire  length  of  which 
several  of  them  nm,  which  shorten 
the  body  in  its  axial  line.  Each  fasci- 
culus consists  of  transversely  striped  or 
volimtary  musculai'  fibre,  and  is  enclosed 
in  a  sarcolemna  or  membranous  sheath 
(18).  Diffused  through  the  body  of  the 
animal,  but  specially  distinct  at  the  up- 
per part  of  the  pedimcle,  are  numerous 
small  masses  of  viscid  gi'anular  proto- 
plasmic substance,  which  send  slender 
prolongations  to  each  other  and  to  the 
smTounding  parts,  reminding  the  ob- 
server of  the  pseudopodia  of  the  Rhi- 
zopods  and  the  internal  threads  of 
Noctiluca. 

The  water-vascular  system  consists  of 
two  canals  arising  fi'om  a  small  pyrifonn 
contractile  vesicle  below  the  stomach, 
and  appai'ently  with  the  cloaca.  One 
ascends  on  each  side  of  the  alimentary 
canal  towards  the  head,  where  they 
branch.  VibratUe  tags  are  connected 
with  them. 

Professor  Williamson  describes  the 
ovary  as  "  a  hollow  sac  (xxxvii.  23  k), 
consisting  of  a  very  thin  pellucid  mem- 
brane. It  is  filled  with  a  viscid  granular 
protoplasm  of  a  light  grey  colour,  in 
which  are  distributed  from  twenty  to 
thirty  nuclei,  each  having  a  diameter  of 
from  1-1200"  to  1-1600".  Each  nucleus 
contains  a  largo  nucleolus,  var\dng  in 
diameter  from  1-1600"  to  1-3500".  In 
its  normal  state  the  granular  protoplasm 
is  of  a  unifonn  grey  colour,  flowing 
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freely  out  of  the  ovary  when  the  latter 
is  ruptured.    The  nuclei  situated  nearest 
the  centre  of  the  ovary  appear  to  be 
successively  selected  for  development. 
One  of  these  nearest  the  surface  attracts 
around  itself  a  small  portion  of  the  gra- 
nular protoplasm,  detaching  it  from  the 
remaining  contents  of  the  organ,  though 
in  close  contact  with  them.  The  portion 
thus  specially  isolated  gi-aduaUy  enlarges, 
assuming  at  the  same  time  a  darlter  hue, 
whilst,  from  its  central  position,  it  par- 
tially divides  the  upper  from  the  lower 
half  of  the  remaiaing  ovarian  protoplasm. 
At  the  same  time  the  centi-al  nucleus 
sometimes  undergoes  some  slight  en- 
largement, and  its  nucleolus  appears  to 
become  absorbed.    The  position  of  this 
nucleus  in  the  centre  of  the  oviuu  is 
now  indicated  by  an  ill-defined  trans- 
parent spot ;  but  on  bursting  the  proto- 
plasmic mass,  it  is  seen  to  be  a  small 
spherical  cell  about  1-1000"  in  diameter, 
having  very  thin  pellucid  walls  and 
scarcely  any  visible  cell-contents.  When 
the  ovum  thus  segmented  fi-om  the  ova- 
rian protoplasm  has  attained  its  full  size 
(xxxvii.  17  o),  it  becomes  invested  by  a 
thin  shell,  which  is  apparently  a  secre- 
tion fi-om  its  own  surface." 

"  The  ovum  being  now  ready  for  ex- 
pulsion, it  is  slowly  forced  down  to  the 
lower  part  of  the  ovary,  the  stomachs 
being  di-awn  upwards  and  to  one  side  in 
order  to  make  way  for  it.  Yielduig_  to 
the  pressiu-e  produced  by  the  successive 
contractions  of  the  body,  the  ovum 
sweeps  round  the  inferior  border  of  the 
lower  stomach,  and,  passmg  through  the 
dilated  oviduct,  enters  the  cloaca.  The 
latter  canals  become  entirely  everted,  as 
is  the  case  when  the  excrements  are  d.is- 
charged;  and  by  a  sudden  contraction 
the  ovum  is  expelled." 

Professor  WiUiamson  minutely  _de 
scribes  the  conversion  of  the  yelk  into 
an  embryo  —  the  successive  segmenta- 
tions of  the  nucleus  and  surroimdiag 
yelk,  imtil  the  whole  becomes  a  cellular 
mass,  as  in  Lacinularia.  The  first  visible 
evidence  of  life  is  the  production  of  a 
few  moving  cilia,  especially  near  the 
future  head,  followed  first  by  traces  of 
the  dental  apparatus,  then  by  the  de 
velopment  of  the  various  organs,  m 
eluding  the  two  eye-spots,  soon  after 
which  the  young  animal  escapes  from 

its  shell.  , 

"Almost  immediately  after  its  escape 


from   the   egg,  the  young  Melicerta 
stretches  itself  out,  and,  everting  the 
anterior  part  of  its  body,  unfolds  several 
small  projecting  mainills3  (xxxvii.  16), 
covered  with  large  cilia,  by  means  of 
which  it  floats  freely  away.   The  ciliated 
mamUlse  at  this  stage  of  growth  are  not 
unlike  those  seen  in  Notommata  clavu- 
lata,  but  they  soon  enlarge  and  become 
developed  into  the  tiabelliform  wheel- 
organs  of  the  matm-ed  animal."    In  this 
stage  all  the  organs  of  the  perfect  animal 
are  present,  showing  that  the  creatm-e 
passes  through  no  larval  foi-m,  and  that  it 
is  not  identical  with  the  Ptijffura,  as  Ehr- 
enberg  and  others  have  thought.  Afrer 
swimming  about  some  time,  a  dark- 
brown  spot  disappears  fi-om  the  posterior 
part  of  the  body,  followed  by  the  eye- 
specks,  when,  the  same  writer  adds, "  the 
animal  attaches  itself  by  the  tail  to  some 
fixed  support,  anddevelopes  fi-om  the  skin 
of  the  posterior  portion  of  its  body  a  thin 
hyaline  cylinder,  the  dilated  extremity 
of  which  is  attached  to  the  supporting 
object.    This  structm-e  has  already  been 
noticed  by  Dr.  ManteU  (Thoughts  on  Ani- 
malcules), though  I  have  never  seen  it 
so  largely  developed  as  is  represented  in 
his  figiu-es.    The  young  animal,  having 
chosen  a  permanent  resting-place,  com- 
mences the  foi-mation  of  its  singular 
investing  case.    I  have  verified  Dr.  Man- 
teU's  account  of  the  position  occupied 
by  the  first-formed  spheres.    They  are 
arranged  in  a  ring  round  the  middle  of 
the  body  (xxxvn.  15),  and  are  for  some 
time  imattached  to  the  leaf  or  stem 
which  supports  the  animal.  They  appear 
to  have  some  internal  connexion  with 
the  thin  membranous  cylinder.   At  first 
new  additions  ai-e  made  to  both  extre- 
mities of  the  enlargmg  ring;  but  the 
jerking  consti-ictions  of  the  animal  at 
leng-th  force  the  caudal  end  of  the  cylin- 
der down  upon  the  leaf,  to  which  it 
becomes  securely  cemented  by  the  same 
viscous  secretion  as  causes  the  httle 
spheres  to  cohere."  "men  the  ova  are 
discharged  from  the  cloaca,  they  succes- 
sively fan  into  the  cavitj^  of  the  tessel- 
lated case,  where  they  imdei-go  develop- 
ment.   I  have  often  foimd  as  many  as 
foiu-  ui  one  case  in  various  stages  of 
progi-ess.    It  is  whilst  the  eggs  are  thus 
protected  that  the  young  animals  burst 
their  shells,  summing  out  at  the  free 
extremity  of  the  case  as  soon  as  they 
are  liberated." 


Genus  FLOSCTJLARIA  (XXXII.  384,  385 ;  and  woodcuts). -These  crea- 
tuiesTles;  when  young  two  eye-spots.    Several  lobes  surround  the  head, 
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each  sm-mounted  by  a  pencil  of  long  set*.  These  lobes  aro  regarded  by 
Ehrenberg  as  the  rotary  organ ;  but,  according  to  Gosso,  the  upper  surface 
of  the  central  disc  fulfils  the  rotatory  functions.  Body  fui-nished  with  a 
long  peduncle,  by  which  the  anipial  is  fixed,  and  the  whole  suiTounded  by 
a  thin  diaphanous  case  resembling  that  seen  in  the  very  youmj  Mehcerta. 
From  its  transparency  this  can  often  be  detected  only  by  colouiing  the 
water  with  some  pigment.  Alimentary  canal  simple,  conical.  Eeproductive 
system  resembling  that  of  Lacinularia.  Ova  deposited  within  the  case. 
When  viewed  from  above,  the  head  of  the  animal  resembles  an  Acineta. 

the  contraction  and  expansion  of  the 
membrane.  The  opacity  of  this  lining 
renders  it  difficult  to  resolve  the  viscera." 
"Ehrenberg  speaks  of  an  oesophageal 
head  above  the  jaws ;  but  I  can  see 
nothing  of  the  kind,  and  am  inclined  to 


Flosculakia  proboscidea. — Case  cy- 
lindi-ical,  hyaline,  gelatinous.  Setigerous 
lobes  six,  with  short  cilia  sm-rounding  a 
cUiated  iiexible  proboscis,  which  appears 
to  have  an  opening  at  its  exti-emity. 
Dujai-din  thinks  this  proboscis  may  be 
nothing  more  than  one  of  the  ciliated 
lobes  advanced  towards  the  centre.  Body 
ovate,  with  a  long  styliform  pedimcle 
attached  to  the  base  of  the  case ;  when 
extended,  the  body  and  part  of  the  foot 
are  protruded.  Found  upon  the  leaves 
of  Hottonia  palustris.  Length  when  ex- 
tended 1-18";  case  1-36". 

F.  ornata  (Cercaria,  M.)  (xxxn.  384, 
385). — Case  or  envelope  hyaline;  very 
thin  at  its  upper  extremity ;  thicker,  and 
often  with  foreign  bodies  entangled  in 
it  inferiorly.  It  is  sometimes  very  slug- 
gish, but  at  others  moves  with  consider- 
able activity,  often  contracting  itself  very 
quicldy  within  its  case.  The  setigerous 
lobes,  according  to  Gosse,  are  not  the 
true  rotatory  organs:  "yet,"  he  says, 
"  there  is  a  rotatory  organ  —  the  par- 
ticles of  floating  matter  revolving  in  a 
perpendicular  oval  within  the  mouth  of 
the  disc.  Hence  I  conclude  that  the 
rotatory  cilia  are  set  on  the  inner  sm-face 
of  the  disc."  He  fm-ther  adds  :  "  When 
the  pencil  of  united  tufts  is  in  process 
of  expansion  the  hahs  have  a  wavy, 
quivering  sort  of  motion,  but  when  ex- 
panded they  remain  perfectly  motionless. 
The  two  red  eyes  seen  in  the  young 
animal  ordinarily  disappear  in  the  adult ; 
but  JNIi'.  Gosse  has  occasionally  met  with 
such  specimens  in  which  they  were  still 
plainly  visible.  He  has  observed  the 
body  "  to  be  lined  with  a  yellowish 
vascidar  membrane,  which  does  not  ex- 
tend up  to  the  petals,  but  tenninates  at 
the  neck  with  a  fi'ee,  very  mobile  edge, 
forming  an  irregular  opening,  the  out- 
line of  which  is  constantly  changing  by 

The  two  next  species  and  accompanying  remarks  are  taken  from  a  paper 
by  Dr.  W.  M.  Dobie  (A.  N.  H.  Oct.  1849). 

F.  campanulata.  —  Case  diaphanous,  fringed  with  very  long  cilia ;  body  ovate, 
rotary  organ  with  five  flattened  lobes,   without  proboscis ;  tail  long,  and  termi- 

2x2 


think  he  may  have  mistaken  the  ever- 
contracting  opening  of  the  lining  mem- 
brane for  one."  These  animals  are  very 
fond  of  Chlaniidomonas ;  and  when  swal- 
lowing large  bodies,  such  as  Naviculce, 
they  contract  the  entire  body.  Ehr- 
enberg has  numbered  as  many  as  five 
ova  retained  within  the  diaphanous  case 
at  the  same  time.  Gosse  once  counted 
nine.  These,  as  is  also  the  case  in  Meli- 
certa,  are  generally  in  difierent  stages 
of  development,  —  in  some  the  per- 
fectly-formed embryo  being  distinctly 
visible,  its  movements  and  its  two  red 
eyes  being  very  manifest.  With  a  mo- 
derate pressm'e  Ehrenberg  bm'st  the  shell, 
which,  according  to  Gosse,  is  calcareous : 
the  yoimg  animal  crawled  out  with  a 
slight  vibratory  motion  ;  the  cHia  were 
short  and  not  very  distinct.  In  the 
matm-e  animal  the  pedimcle  is  truncate 
at  its  extremity.  Upon  Ceratopliyllum 
and  similar  plants.  1-108".  In  xl.  25 
the  dorsal  aspect  of  the  jaws  is  repre- 
sented, and  in  26  their  fi'ontal  aspect. 

Dr.  Dobie  writes  {A.N.H.  Oct.  1849)  : 
"  Ehrenberg  regards  the  Floscularia  de- 
scribed and  figm-ed  by  M.  Peltier,  as 
identical  with  his  F.  ornata.  Both  Du- 
jardin  and  Peltier  foimd  the  rotaiy  organ 
tive-lobed  in  the  species  observed  in 
France ;  so  we  must  either  hold  with 
Pritchard  that  F.  ornata  has  sometimes 
five,  at  others  six  lobes,  or  consider  the 
five-lobed  species  a  variety  of  F.  ornata. 
....  My  friend  Mr.  HaUet  writes  me  that 
he  finds  F.  ornata  with  a  six-lobed  ro- 
tary organ  and  no  process." 
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nating  abruptly  in  a  transparent  fila- 
ment, spread  out  in  a  Icincl  of  sucker 
at  the  point  of  attachment.  Length 
1-50"  when  extended.  Egg  with  two  red 
eye-spots;  contained  in  a  large  ovary. 
Found  near  Chester,  on  Ceratophyllum 
and  Confervre. 

F.  carnuta. — Case  short,  diaphanous, 
not  verj'  distinct ;  rotary  organ  fm-nished 


with  five  rounded  lohes,  surrounded  by 
extremely  long  and  delicate  cilia :  a  short, 
narrow,  non-ciliated,  flexible  process 
(cornu)  is  attached  to  the  outside  of  one 
of  the  lobes.  Egg  with  two  red  eye- 
spots  ;  young  animal  with  vibratile  cilia 
on  the  head,  and  rapidly  locomotive. 
Length  1-40"  when  extended.  In  same 
locality  as  the  preceding  (see  woodcuts). 


Floscularia  cornuta,  Dobie. 


The  lobes  of  the  rotary  organ  of  F. 
cornnta  resemble  veiy  much  those  ot 
F.  ornata,  but  only  five  exnst,  while  m 
the  other  there  are  six.  According  to 
Ehrenberg  the  F.  cnmpamMa  is  gre- 
Lrious,  whilst  i^.  cornuUns^  solitary  ;  the 
Smer  is  also  stronger  and  is  more  active 
than  the  latter. 


Levdig  has  described  a  Flosculana 
under  the  name  of  F  mycndmMa 
(Zcitschrift  fur  wissemchoftliche  /Mologie, 
Julv  1854)."  Mr.Gosse,  however,  believes 
this  to  be  identical  with  the  F.  cornuia 
of  Dr.  Dobie. 


OP  THE  HYDATINiEA. 
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FAMILY  v.— HYDATIN^A. 
lUoricatcd  Rotifcra,  having  the  ciliated  wreath  divided  into  several  lobes 

or  subdivisions.  i    ,      .  •  l 

In  many  of  the  genera  distinct  striated  muscles  of  the  voluntary  type  e^st, 
effecting  the  various  movements  and  altering  the  form  of  the  body._  The 
nutritive  system  usuaUy  consists  of  a  simple  conical  alimentary  canal  without 
a  distinctly  separated  stomach  (Coelogastrica)  ;  but  a  pyloric  constriction  exists 
in  Hydatina,  some  Notommatce,  and  other  forms.  Notommata  clavulata  and 
Diglena  lamstris  have  special  caeca  appended  to  their  stomachs.  Yariously 
modified  cellular  appendages,  supposed  to  be  glandular,  exist  in  aU  the  genera. 
The  ovarium  is  mostly  ovate  and  only  evolves  a  few  ova  at  a  time.  In 
Notommata  Mijrmeleo,  N.  clavulata,  and  Diglena  lacustns  it  is  veiy  long.  In 
all  it  communicates  with  the  cloaca,  by  an  oviduct  of  varying  length.  The 
ova  vary  considerably,  and  belong  to  two  distinct  types,  respectively  termed 
the  summer  and  winter  ova.  The  former  have  a  smooth  shell,  and  ai-e  gene- 
rally regarded  as  mere  unimpregnated  gemmae,  like  those  of  Aphides  amongst 
insects.  The  latter  are  hard,  and  often  spinous,  in  which  form  M.  Tarpin 
regards  them  as  constituting  the  genera  Bursella  and  Erithrinella  (?)  amongst 
plants.  It  is  amongst  the  members  of  this  group  that  many  of  the  interesting 
researches  of  Dalrymple  and  others  have  been  made,  demonstrating  the  exist- 
ence of  dioecious  animals.  Amongst  the  Eotifera  the  male  animals  of  Hyclatirm 
and  Asplanchna  are  distinct  from  the  females.  They  are  generally  character- 
ized by  their  smaller  size  and  by  the  absence  of  digestive  organs— indicating 
a  brief  existence,  during  which  the  vis  vitm  derived  from  the  ovum  sufiices  to 
sustain  the  animals  in  fulfiling  their  several  functions.  According  to  Cohn, 
this  absence  of  an  alimentary  canal  in  the  males  does  not  characterize  the 
male  of  Notommata  parasitica  (XXXIX.  8) ;  but  this  is  so  exceptional  to 
aU  other  allied  discoveries  as  to  suggest  a  doubt  of  its  correctness :  at 
the  same  time,  we  have  scarcely  crossed  the  threshold  of  this  inquiiy,  and 
want  the  materials  for  general  conclusions.  Water-vascular  canals,  variously 
modified,  exist  in  most  of  the  Hydatinsea.  The  frequent  association  of  the 
red  "eye-spots"  with  a  subjacent  organ,  supposed  to  be  a  cerebral  ganglion, 
suggests  sensational  functions  ;  but  no  true  nerves  occur. 

Some  species  of  Synchceta  are  said  to  evolve  light  and  contribute  to  the 
phosphorescence  of  the  sea.  Hydatina  senta,  Diglena  catellina,  and  Triarthra 
are  sometimes  so  numerous  as  to  render  the  pools  in  which  they  reside  milky 
and  turbid. 

Ehrenberg's  classification  of  this  family  is  given  at  p.  478,  Section  Soro- 
trocha,  Division  Polytrocha. 

The  first  genus  (ENTEROPLEA),  established  to  receive  E.  hyalina,  has 
been  shown  by  Leydig  to  have  no  existence,  as  the  above  animalcule  proves 
to  be  the  male  of  Hydatina  senta. 

Genus  HYDATINA  (XXXII.  394 ;  XL.  1,  2).— Eyes  absent.  The  female 
has  two  jaws,  consisting  of  several  teeth  and  a  forked  foot.  Locomotion  is 
effected  by  the  compound  wheel  organ  and  the  pincer-like  foot,  acted  upon 
by  complex  internal  muscles.  In  Hydatina  senta  the  sexes  are  distinct,  the 
Enter-oplea  hyalina  being  the  male  form. 


Hydatina  senta  (  Vorticella  senta,  M.) 
(xxxu.  .394 ;  XL.  1).— Body  of  the  female 
conical,  hyaline  ;  rotary  organ  consisting 
of  a  simple  external  wi'eatli  of  cilia  sur- 
rounding the  truncate  anterior  extremity 
of  the  body,  and  enclosing  at  the  back 


part  of  the  head  an  interrupted  row  of 
tufts  of  cilia  supported  on  small  hemi- 
spherical projections, — the  cilia  of  the 
latter  broader  and  longer  than  those  of 
the  external  row.  Within  these  is  a 
third  uninterrupted  line  of  cilia.  Neck 
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constricted  and  thrown  into  folds  or 
wi-inkles    by    transverse  filamentous 
muscles,  hung  like  hoops  within  the 
integimient,  to  which  Cohn  believes 
them  attached  only  by  a  few  interrupted 
points.  These  muscles  were  regarded  by 
Ehrenberg  as  vessels.    The  contractile 
influence  of  these  and  similar  muscles 
occupying  the  lower  parts  of  the  body  is 
antagonized,  according  to  Leydig,  by  the 
elasticity  of  the  cuticle,  but  according  to 
Cohn  by  the  pressure  of  the  compressed 
fluids  of  the  body.    Longitudinal  con- 
traction of  the  body  eifected  by  nume- 
rous muscles  proceeding  from  the  head 
backwards  to  the  centre  of  both  sides  of 
the  body  and  thence  to  the  foot.  Ehren- 
berg counted  nine,  which  number  Cohn 
regards  as  correct.    The  latter  observed 
vacuoles  and  what  appeared  to  be  nuclei 
in  the  substance  of  the  muscles,  but  no 
transverse  striae.  Two  bodies  at  the  base 
of  the  toes  Ehrenberg  regarded  as  muscles 
moving  those  organs ;  but  Cohn  believes 
them  to  be  glandidar,  secreting  an  ad- 
hesive fluid  by  which  the  creature  at- 
taches itself  to  other  bodies. 

Digestive  canal  consisting  of  an  oral 
orifice  (xl.  1  a),  buccal  cavity,  pharyn- 
geal bulb  (1  c),  oesophagus  (1  cl),  stomach 
(1  e),  intestine  terniiaated  by  a  cloacal 
orifice  at  If,  and  gastric  glands.  The 
buccal  cavity  a  short  passage  from  the 
mouth  (la) "(located  on  one  side  of  the 
head)  to  the  pharynx  (1  c),  which  is  large ; 
and,  according  to  Cohn,  a  muscular  mass 
invests  the  jaws,  which  are  complex 
and  not  easily  interpreted,  but  consist  of 
several  parallel  teeth  (xxxvm.  34)  ar- 
ranged in  two  sets  and  attached  to  a 
complicated  pyi-iform  organ :  respecting 
the  details  of  "their  form,  authors  difier. 
A  constricted  passage  (]  d)  conducts  from 
the  pharynx  to  the  stomach  (1  e),  which 
is  large  and  oblong ;  its  walls  are  saccu- 
lated, or  expanded  into  numerous  lateral 
pouches  or  pockets  opening  into  the 
cavity  of  the  stomach,  the  whole  lined 
by  delicate  cilia  (xi,.  4).     A  narrow 
pylorus  separates  this  organ  from  a  short 
conical  intestine,  the  naiTOW  extremity 
of  which  terminates  at  the  cloaca  (1/), 
opening  near  the  posterior  extremity  of 
the  body  on  the  opposite  side  to  that  on 
which  the  mouth  is  situated ;  two  large 
nvriform  bodies,  supposed  to  be  glan- 
didar,  are  suspended  by  nan-ow  peduncles 
on  each  side  of  the  pharynx.  _ 

Connected  with  the  cloaca  is  a  large 
contractile  vesicle  (1  f/),  from  yvhich 
a-scend  two  water-vascular  canals  (i  i), 
convoluted  at  intervals  and  gmng  on 


small  twigs  which  support  tremulous 
tags  (xL.  5).    Ovarium  a  large  pyriform 
sac  (1  h),  connected  with  the  cloaca  by 
a  narrow  oviduct;  it  consists  of  a  thin 
membrane  distended  by  a  gi-anular  fluid, 
in  which  are  seen  numerous  germinal 
spots.    A  small  body,  supposed  to  be  a 
cerebral  ganglion  (lie),  is  situated  on 
one  side  of  the  oesophagus,  and  is  con- 
nected -with  a  small  setigerous  groove  on 
one  side  of  the  neck  by  what  Cohn  be- 
lieves to  be  nerves.    Male  :  The  Etite- 
roplea  hydatina  (xxxn.  393 ;  XL.  2)  of 
Ehrenberg  has  been  demonstrated  by 
recent  researches  to  be  the  male  of  Hy- 
datina senta.    Like  that  of  many  other 
species  it  has  no  visible  digestive  cavitj- : 
in  general  foiin  it  closely  resembles  the 
female,  but  is  much  smaller.    Its  repro- 
ductive organs  consist  of  a  retractile 
penis  (xL.  6  a),  enclosed  in  a  fold  of  the 
cuticle  (6  d),  the  opening  of  which  cor- 
responds with  that  of  the  cloaca  in  the 
female;  the  base  of  the  penis  is  sur- 
rounded by  a  gland  (6  6),  above  which 
is  the  large  oblong  testicle  containiiig 
spermatozoa,  by  the  side  of  which,  at  its 
lower  part,  are  two  small  vesicles  (6  c), 
connected  with  the  penis,  and  filled  with 
niunerous  large  gramdes.    xl.  3  repre- 
sents an  immature  ovum  of  Hydatina 
senta,  and  fig.  7  the  detached  sperma- 
tozoa from  the  male  animal. 

In  most  cases  the  female  fixes  itself  to 
a  spot  by  its  foot,  and  lays  several  eggs 
upon  the  same  place,  one  after  another, 
by   sudden    conti-actions  ;  sometimes, 
when  it  is  going  to  lay  more  eggs,  it 
retm-ns  to  the  original  spot.    In  eleven 
hours  after  the  eggs  were  laid,  vibration 
of  the  anterior  cilia  was  observed,  by 
Ehrenberg,  within  them ;  and  in  twenty- 
four  hours  the  yoimg  escaped  from  the 
sheU.    Many  of  the  ova  are  said  to  have 
a  double  shell,  and  leave  a  bright  space 
between  the  two  at  one  of  the  exti-emi- 
ties;  similar  ova  ai-e  foimd  in  other  Rota- 
toria, having  different  shapes.    In  these 
double-shelled  ova  the  yoimg  are  slowly 
developed.  Ehrenberg  names  them  "last- 
ing eggs,  or  winter  eggs."    xxxn.  394 
represents  an  animal  completelv  unfolded, 
seen  fi-oin  the  venti-al  surface.  The  arrows 
in  the  alimentary  canal  indicate  a  de- 
cussating or  circulating  movement  of  its 
contents,  produced  by  delicate  internal 
cilia,  and  must  not  be  mistaken  for  the 
motion  of  Monads. 

II.  &;-ar/(?/rfac<i//a.  — Cylindrical,  trun- 
cated anterioriv,  and  suddenly  attenu- 
ated at  the  base  of  the  foot ;  claws  short. 
On  Hottonia,  &c.  1-144". 
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Duiardin  would  include  iu  the  genus  Hydatina  sevev^  Rotatona  distributed 
by Snberg  among  other  genera.  He  says  :  "  Notwithstanding  the  presence 
3  a  red  eylspeckt  we  must  consider  as  Hydatm^-l.  ^«'7r;^^,f  V 
2.  N.  bracMo  J;  3  N.  trijous  ;  4.  N.  dcmdata  '  and,  though  ^ouUMlj  K 
saccigera,  for  this  species  in  form  resembles  a  true  Farculana  ^^^^V^' 
cliceti  (Ehi-.),  chai-acterized  by  their  stiff  setee  or  styles,  ai-e  true  Hydatinse 
fi-om  tlieir  conical  or  campanulate  form,  if  theii'  jaws  are  reaUy  pectinated; 

but  if  not,  they  wiU  constitute  a  genus  apart  The  Distemrm  maximum, 

represented  by  Ehrenberg  with  pectinated  jaws,  and  placed  as  doubttui  by 
him  in  the  genus  Distemma,  chai'acterized  by  a  double  eye-speck,  appears  to 
be  a  true  Hydatina." 

Genus  PLEUROTEOCHA  (XXXII.  395,  396).— These  have  no  eyes,  but 
possess  a  single  tooth  in  each  jaw,  and  a  furcate  foot.  The  rotary  organ  con- 
sists, not  of  a  simple  wreath  of  ciHa,  but  of  ciHa  distnbuted  m  bundles  near 
each  other,  the  bundles  being  planted  in  muscular  cases.  In  P.  gihha  there  are 
two  muscles  for  moving  the  foot ;  and  in  aU  the  species  the  globular  oesophageal 
head  has  four,  acting  upon  two  single-toothed  jaws  (fig.  396) ;  oesophagus 
short ;  alimentary  cantd  simple,  conical,  having  anteriorly  two  spherical  glands. 
The  anus  is  at  the  base  of  the  foot,  upon  the  dorsal  surface.  The  ovaiy  is 
globular.  In  P.  leptura  a  contractile  vesicle  is  seen.  Organs  of  sensation 
are  not  satisfactorily  Imown,  and  the  nervous  loop  in  the  neck  of  the  Hydatina 
appears  wanting.    This  genus  is  not  admitted  by  Dujardin. 


Plexjuotbocha  gibha.  —  Truncated 
anteriorly,  enlarging  from  the  front  to- 
wards the  base  of  the  foot,  where  it  is 
suddenly  attenuated,  the  toes,  or  claws, 
short  and  tm'gid ;  near  the  mouth  is  a 
beak-like  projection,  foi-ming  an  under 
lip.  xxxn.  395  is  a  right  side  view; 
396  the  teeth  and  oesophageal  head  dis- 
sected out.  Foimd  with  Hydatina  bra- 
chydactyla.  1-216". 

P.  co7istricta.  —  Elongated,  conical, 
head  separated  by  a  stricture ;  fi-ont  ob- 
lic[ue;  toes  straight  and  slender.  This 


animalcule  is  very  active  and  powerful. 
Upon  Ceratophyllum.  1-144". 

P.  leptura. — Body  tiu-gid  in  centi-e,  front 
oblique ;  foot  slender ;  toes  thin,  shghtly 
cm-ved.    Amongst  Confervse.  1-144". 

P.  rmalis  (Ehr.).— Elongate,  slightly 
constiicted  in  fr-ont,  toes  short,  fi-ontal 
portion  rather  oblique,  trimcate,  pan- 
creatic glands  kidney-shaped  (renifonn). 
1-240".  Berlm. 

P.  truncata  (Gosse). — Subcylindrical ; 
truncate  behind  above  the  foot ;  toes 
short,  sti-aight,  slender.  1-175". 


Genus  FURCULARIA  (XXXin.  397,  398).— Frontal  eye  single;  foot 
forked.  Rotary  organ  compound.  Longitudinal  muscles  exist  m  P.  gihha, 
and  foot-muscles  in  three  species.  The  oesophagus  is  very  short,  its  head  has 
two  jaws,  single-toothed  (Monogomphia)  in  two  species,  but  not  in  the  others ; 
alimentary  canal  simple  (Coelogastrica),  conical,  with  two  ear-like  glands  ; 
ovary  distinct,  except  in  F.  gihha,  which  has  only  a  contractile  vesicle. 
Vessels,  respiratoiy  tubes,  gills,  &c.,  are  not  recognizable.  The  eye  in 
P.  Reinhardtii  is  placed  upon  a  brain-like  mass. 

Dujardin  has  the  following  remarks  on  the  genus  Purcularia  : — "  The 
genus  Purcularia,  one  of  the  most  numerous,  undoubtedly  rcquii'es  to  be 
divided  after  new  observations,  but  not  according  to  the  number  and  dis- 
position of  the  red  points,  as  has  been  done  by  Ehrenberg.  This  author  has 
indeed  distributed  some  Systolides,  which  appear  to  us  to  have  the  closest 
relations  in  form  and  mode  of  hving,  into  eight  genera  "  (viz.  Pleurotrocha, 
Furcidaria,  Notommata,  Scaridivm,  Diglcna,  Distemma,  Eosphorus,  and 
Theorus);  "but  many  of  these  arc  jjurely  nominal,  and  require  a  rigid 
revision. 

"  The  following  arc  the  principal  species  to  be  classed  with  certainty  among 
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th.0  Fiu'ciilarice  : — 1.  F.  furcata=D'ii]hna  caudala  (Ehi\),  Diyleyia  caintata, 
and  Farcidaria  gr-acilis ;  2.  F.  marina,  of  the  same  size  and  form  as  the 
preceding,  but  marine,  and  distinguished  further  by  the  styles  of  its  tail, 
which  are  twee  as  short,  and  by  its  thrcc-toothed  but  acute  jaws,  resembling 
a  hook;  3.  F.  forcipata,  placed  by  Ehrenberg  among  the  Diglence;  4.  F. 
grandis=-Diglena  grandis  (Ehr.) ;  5.  F.  forficula,  with  which  must  also  be 
associated  Bistemma  forficula  ;  6.  F.  canicula,  which  Ehrenberg  with  doubt 
refers  to  Diglena  ?  aurita ;  7.  F.  najas,  to  which  belong  the  various  Systo- 
lides,  more  or  less  Kke  Hydatina  in  their  club-shaped  form  and  articulated 
tail,  such  as  Notommata  petromyzon,  N.  najas,  N.  gibha,  and  probably  also 
Eosplwra  najas,  E.  digitata,  and  E.  elongata  (Ehr.).    We  moreover  refer 
provisionally  to  the  genus  Farcidaria  several  other  Systolides  considerably 
dissimilar  in  form,  some  being  very  long,  with  two  very  long  styles,  of  which 
Ehrenberg  makes  his  Notommata  longiseta,  and  N.  cequalis,  and  his  genus 
Scaridium;  whilst  others  have  an  ovoid,  thick  body,  rounded  posteriorly, 
truncate  in  front,  and  with  a  short  obhque  tail,  which  Ehrenberg  calls 
Notommata  myrmeleo  and  N.  syrinx. 

"  AH  these  Furcularioi,  except  F.  marina,  to  which  F.  Beinliardtii  of  Ehren- 
berg must  probably  be  added,  have  been  found  in  fresh  water ;  but  it  is  most 
likely  the  number  of  those  living  in  the  sea  are  much  more  numerous ;  and  I 
have  indeed  myself  met  with  three  or  four  distinct  species,  which  I  have 
from  want  of  time  not  yet  described." 

(Sertularia)  geniculata,  in  sea-water. 
1-120". 

F.  Forficula.  —  Cjdindrical,  obtusely 
pointed  in  front,  roimded  and  dentated 
at  the  base,  on  the  upper  side ;  the  toes 
very  long ;  the  rotary  organ  appears  to 
have  two  frontal  clusters  of  ciha  neai- 
the  eye,  and  a  wheel-like  bundle  on 
each  side.  1-144". 

F.  gracilis. — Slender,  cyliadi-ical,  sud- 
denly attenuated  at  the  base  of  the 
furcate  foot;  toes  sti-aight,  long,  but 
shorter  than  half  the  body.  The  rotary 
organ  appeai-s  disposed  on  six  muscular 
masses. 

F.  cmca  (Gosse).  —  Cylindiical ;  eye 
wanting,  or  not  discernible ;  toes  slender, 
obtuse.  Length,  includuig  toes,  1-135". 
Leamington. 


FunciXLABiA  gihla. — Oblong,  slightly 
compressed,  imder  side  flat,  back  convex, 
toes  forked,  long  (styliform),  equal  to 
half  the  body ;  the  eye  is  placed  upon  a 
nervous  ganglion  over  the  mouth,  clearly 
indicatuig  the  dorsal  sm-face;  the  ova- 
rium has  generally  one  large  and  ripe 
ovimi.  The  movement  of  this  anim^- 
cide  is  somewhat  slow.  Foimd  in 
green  water,  and  amongst  Confervas. 
1-69". 

F.  Eeinharcltii. — Fusifoinn,  trimcated 
in  fi-ont ;  foot  elongated,  cylmdrical,  and 
shortly  fru'cate  at  the  end;  a  slight 
strictxu'e  divides  the  body  and  head, 
xxxni.  397  represents  an  animal  ex- 
tended, and  398  another,  contracted  ; 
the  fonner  is  a  side  (right),  the  latter  a 
back  view.    Parasitic  upon  3Ionopyxis 

Genus  MONOCEECA  (XXXIII.  399-417).— Eye  single,  seated  upon  a 
ganglionic  mass,  cei^cal;  foot  simple,  styliform,  resembling  a  tail.  In  two 
species  the  vibratUe  cilia  are  distributed  into  about  six  bundles,  then-  band-Me 
longitudinal  muscles  and  those  of  the,  foot  producing  locomotion  ;  the  sides 
of  the  oesophageal  head  are  unequal,  as  also  the  two  jaws,  which  have  one  or 
two  teeth ;  the  oesophageal  tube  is  curved  and  long,  and  the  simple  alimentary 
canal  conical,  with  two  ear-like  glands  anteriorly.  An  ovary  and  a  con- 
tractile vesicle  are  evident.    In  two  species  a  tube  projects  fi-om  the  frontal 


region. 

Monoceuca  Battus  (Trichoda  Rntlus, 
M  ;  Eattidus  carinatns,  Duj.).  — Ovate, 
obonff,  truncated  anteriorly,  un- 
armed; foot  styliform,  the  length  of  the 
body.    This  creatm-e  swims  slowly,  in  a 


stifl'  manner ;  when  stationary  it  throws 
the  styliform  foot  backsvards  and  for- 
wards. The  ovary  has  a  reddish  colour ; 
behind  it  lies  a  roundish  conlTactile 
vesicle.    The  foot  has  a  short  base,  with 
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a  cordate  internal  muscle,  and  four  un- 
equal bristles.  Amongst  Confervffi,  &c. 
1-120". 

Mustiffoccrca  carimta  is  regarded  by 
Perty  and  Dujaa'din  as  identical  with 
Monocerca  Ratlus.  Dujardin  identifies 
■with  this  an  animal  he  discovered  and 
figured  (xxxrai.  22),  measuring  0-147 
miUim.,  or  with  its  tail  0-29  milhm. 

M.  bicornis. — Ovate,  oblong,  tiamcated 
in  front,  anned  with  two  spines;  foot 
styliform,  a  little  shorter  than  the  body ; 
the  oblique  oesophageal  head  exhibits 
delicate  transverse  corrugations ;  it  has 
a  bent  and  a  straight  jaw,  with  probably 
three  teeth  in  each,  (xxxiii.  399,  an 
animal  seen  on  its  right  side ;  417  an- 
other, contracted,  and  having  its  rat- 
like tail  bent.)  1-72". 

M.  (?)  valc/a  (  VoHicella  valga,  M.). — 
Small,  almost  cubical,  with  distinct  head, 
an  elevation  on  the  back,  and  a  conical 
foot  imequaUy  forked ;  the  rotary  organ, 


dm-ing  contraction,  shows  four  musculai- 
sheaths;  and  the  distinct  red  eye  is  placed 
upon  a  less  distinct  ganglion ;  the  oeso- 
phageal head  is  not  evident.  1-288". 

M.  brachyum  (Gosse).— Form  that  of 
M.  liattus,  but  the  foot  short  (one-fourth 
of  total  length),  slightly  cm-ved,  and 
horizontally  flattened ;  a  large  eye  in  the 
occiput,  and  another  small  one  in  the 
breast.    Length,  including  foot,  1-135". 

M.  Porcellus. — Thick  and  plump ;  foot 
short,  much  cm-ved  and  bent  under  the 
body,  dilated,  flattened  horizontally,  and 
carrying  a  smaller  spine  beneath  it  as  in 
a  sheath ;  front  and  chin  each  armed 
with  a  short  sharp  spine.  Length,  in- 
cluding foot,  1-110". 

M.  stylata.  —  Short,  iiTegnlarly  oval ; 
foot  a  nearly  straight  spine,  less  than 
one-third  of  total  leng-th  ;  eye  large,  red, 
set  like  a  wart  on  the  back  of  the  occi- 
pital sac ;  forehead  conical,  pointed. 
Length,  including  foot,  1-170". 


Genus  TsTOTOMMATA  (XXXIII.  416-421 ;  XXXYI.  3-6 ;  XXXVII. 
27-32 ;  XXXVIII.26 ;  XXXTX.  8,  9).— These  have,  according  to  Ehrenberg, 
a  single  eye  upon  the  neck,  and  a  bisulcate  foot,  resembling  a  forked  tail. 
The  rotary  organ  compound,  its  cilia  forming  bundles  on  the  frontal  region. 
Eight  of  the  larger  species  have  numerous  muscles.  Of  Ehrenberg's  species 
eighteen  or  nineteen  have  two  jaws,  each  furnished  with  a  single  tooth ;  in 
eight  the  jaws  have  many  teeth.  The  oesophagus  is  mostly  short,  with  a 
simple  wide  conical  alimentary  canal  (Ccelogastrica) ;  in  N.  tuba  only  is  there 
a  stomach-like  division,  with  a  constriction  (Gasterodela) ;  and  in  N.  Myr- 
meleo,  N.  Syrinx,  and  N.  davulata  there  is  also  a  stomach-like  enlarged 
place,  but  no  constriction  (Gasterodela)  :  caecal  appendages  are  observed  only 
in  N.  davulata.  The  two  ear-Kke  anterior  appendages  of  the  alimentary 
canal,  regarded  by  Ehrenberg  as  pancreatic  glands,  exist  in  twenty-foiu- 
species.  N.  Syrhix  alone  was  observed  by  Ehrenberg  to  contain  fully- 
developed  ova.  The  water-vascular  system  is  represented  in  ten  species  by 
delicate  tubes,  with  flexible  and  tremulous  giUs ;  only  three  of  the  smaller 
species  have  giUs.  In  N.  Myrmeleo  and  iV.  Syrinx  a  broad  vascular  network 
is  distinct  about  the  head.  A  prominent  tactile  tube  in  the  neck  is  present 
in  four  or  five  species ;  in  some  others  an  opening  alone  is  seen.  The  visual 
point  is  red,  except  in  N.  Felis,  where  it  is  colourless ;  a  ganglion  is  placed 
beneath  the  eye  in  twenty-six  species.  In  N.  Copeus  and  N.  centrura  the 
brain  (?)  is  three-lobed,  and  placed  over  the  oesophageal  head ;  in  the  rest  it 
consists  of  one  or  more  nervous  ganglia,  situated  amongst  the  ciliary  muscles 
of  the  frontal  region.  This  genus  is  especially  remarkable  for  the  parasitical 
habits  of  its  members.  They  live  upon  other  Rotatoria,  upon  the  Polygastric 
InfiLsoria,  and  even  within  the  globular  masses  of  Volvox  Glohator  ;  "  but," 
says  Ehrenberg,  "  not  Like  a  cuckoo's  egg  in  a  hedgesparrow's  nest,  but  like 
the  bear  and  the  bee-hive,  or  a  bird's  nest  in  a  wasp's  nest." 

Dujardin  has  the  following  criticisms  on  this  genus  : — "  Five  of  the  species 
appear  to  be  Hydatince ;  nine  others,  more  or  less  distinct,  are,  in  our  opinion, 
Furcularice ;  three  others  PlacjiocjnatM ;  some  are  imperfectly  known;  and 
only  six,  at  most,  offer  sufficiently  precise  characters  to  retain  the  name 
A'otommaia.    Such  are,  1.  J\^.  copeus,  2.  N.  rcntrura,  3.  N.  bravhyotn.  4.  N. 
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collaris,  5.  N.  aurita,  and  6.  N.  ansata."  To  these  species  must  be  added 
a  seventh,  caUed  by  Ehrenberg  Gydoglena  Lupus,  and  an  eighth,  which  we 
distinguish  as  Notommata  vermicularis.  _  _ 

AU  the  best  observers  agree  that  the  genus  Notommata  requires  division, 
beino-  a  very  defective  one,  and  containing  the  elements  of  several  g'cnera ; 
but  aU  the  species  now  composing  it  must  be  subjected  to  a  very  careful  and 
individual  examination  before  such  a  division  can  be  made.  Until  thi^  is 
accomplished  we  retain  the  genus  as  adopted  by  Ehrenberg,  observmg  that 
the  analysis  of  Ehrenberg's  views  respecting  it,  as  given  m  a  precedmg  page, 
wiU  ultimately  require  many  modifications.  Some  species  have  ah-eady  been 
carefully  investigated  by  Gosse,  Perty,  and  Leydig. 


a.  Subgenus  Labibodon. — 


Notommata  Miyrmelec—Bodj  large, 
bell-shaped;  foot  short,  lateral;  teeth 
cm-ved  in  a  circular  forceps-like  manner 
(xxxm.  420).    There  are  two  varieties : 
in  the  one  (var.  a),  a  long  thin  resopha- 
gus,  a  o-lobular  thick  stomach,  and  a  long 
rectmn  constitute  the  alimentary  organs. 
Ehrenberg,  by  pressm-e,  made  an  am- 
malciile,  whose  dark   stomach  nearly 
fiUed  the  body,  disgorge  two  large  spe- 
cimens of  Lynceus  minutus  (described 
and  figiued  in  the  Microscopic  Cabinet)  ; 
the  animalcule  afterwards  vibrated  away 
in  a  lively  manner.  Five  transverse  mus- 
cidar  bands  and  fom-  longitudinal  ones 
(a  pair  miiting  to  each  of  the  first  two 
transverse  ones)  represent  a  muscular 
system  in  this  variety.    In  the  other 
fvar  h),  a  distinct  muscular  network  is 
seen  at  the  head,  hut  only  four  trans- 
verse bands  and  two  longitudinal  ones 
going  to  the  first.    The  red  eye  is  much 
larger  in  this  variety,    (xxxin.  418,  a 
side  view  of  the  variety  h :  to  exhibit  its 
oro-auization,  a  smaU  Crustacean  is  shown 
^vfthin  its  stomach.    Fig.  420,  the  man- 
ducatory organs  separated ;  fag.  4iJ,  tne 
upper  part  of  an  animalcide,  var.  a,  show- 
ing the  smaller  eye,  rotary  organs,  teeth, 
and  network.)    Found  in  clear  water,  m 
turf-hoUows.  1-40". 

Notommata  Myrmdeo,  var.  mutticeps, 
according  to  Leydig,  presents  the  foUow- 
ino-  features :— The  foot,  which  on  a  pro- 
file view  appears  given  off  fi'om  a  lateral 
surface,  projects  from  the  abdominal 
one  The  rotary  organ  not  consisting 
of  separate  portions,  but  fonning  a  con- 
tinuous wi-eath,  which  descends  towards 
the  mouth,  forming  an  apparent  fissure. 
On  the  free  surface  are  tour  unsymme- 
trical  lobes  bearing  larger  setifonn  cilia. 
Cuticle  soft  and  thin,  s  ightly  acted  on 
by  acid,  which  renders  it  clearer;  sub- 
Sfcei^tlayov  granidar  and  l-"-|™u; 
ilaxillarv  head  very  arge.  /^^^°Pl  "8 
long,  thin,  folded  longvtutinally.  Stomacli 


One  tooth  in  eacJijaw. 

roimd,  with  cUiated  cells:  no  rectum 
beyond  the  stomach,  Ehrenberg  bemg 
in  error  on  this  point;  ddbris  rejected 
by  the  mouth.   A  respiratory  canal  pro- 
ceeds fi-om  each  side  the  conti-actUe  sac 
towards  the  head,  being  much  convo- 
luted and  enveloped  with  cell-like  cor- 
puscles ;  a  second  smaller  pau-  follows 
a  similar   coiu-se,  joining  the  larger 
near  the  maxillary  bulb.    The  smaller 
have  not  granidar  walls,  but  support 
numerous  tags,  which  are  absent  from 
the  larger  canals.    Two  bands  proceed 
backwards  from  the  cerebral  gangUon  to 
a  couple  of  fosste  on  the  dorsal  surface, 
fiu-nished  with  a  bundle  of  setse.  Eye- 
speck  dark-red  or  black.  Ovary  presents 
ing  two  horns,  fonning  an  organ  like  a 
horseshoe,  the  oviduct  openmg  at  the 
base  of  the  tail.    Wmter  ova  sphencal, 
bristly,  with  a  light  cortical  layer  con- 
taining clear  vesicles.  ,  i  ,  i 
N.  Syrinx.—Lai'ge,  beU-shaped;  lateral 
foot  scarcely  visible ;  teeth  cmwed  and 
bifid  at  the  points.    This  species  is  very 
similar  to  the  former,  aad  only  distm- 
ffiushed  from  it  by  its  smaU  loot  and 
by  the  spaces  within  the  cdia-cluster 
(mouth)  being  convex,  not  concave. 
Foimd  in  a  tmf-pool.  1-40". 

N.  /(wwtoBMs.— BeU-shaped,  nearly  glo- 
bulai-,  rather  lai;ge;  foot  slightlj'^jro- 


buiar,  ratuei-  iiugc,  ^^^^  —d"  .' 
minent  at  the  middle,  teeth  small ;  vibra- 
tile  organ  composed  of  four  or  Uve 
musculai-  bimdles ;  oesophagus  very  short. 

""■'n.  parasita  (xxxix.  9).-Small,  oval ; 
foot  short,  teeth  small;  rotai-y  apparatus 
three  or  four  lobes;  cesophageiil  head 
globose;  cesophagus  short;  f^^'^-'^''^^^ 
?anal  stout,  s^imple,  usually  failed  ^ith 
green  matter.  This  cnnous  annnalciile 
lives  in  the  globes  of  Volrox  GhbaUn, 
where  it  deposits  its  eggs,  which  are 
therein  hatched;  and  when  of  propei 
ane,  the  creatures  eat  their  way  out 
through  the  hollow  .sphere,  bummer 
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OA-a  large,  smooth ;  winter  ova  spinoxis. 
1-40". 

According  to  Colin,  the  male  of  this 
species  (xxxix.  8)  is  a  small  Rotifer 
1-20"'  in  length.  Body  short  and  sac- 
cular ;  two  short  toes,  usually  retracted ; 
head  distinguished  by  a  slight  excava- 
tiou,  and  with  an  ear-lilte  lappet  on 
either  side ;  rotary  organ  furnished  with 
some  stout  imcini,  in  addition  to  the 
fine  cilia ;  phaiynx  cylindrical,  contain- 
ing two  scalpel-like  teeth,  which  can  be 
extended  beyond  the  month;  stomach 
sepai-ated  from  the  intestine  by  a  con- 
striction. A  conti-actile  vesicle  above  the 
foot,  but  water-canals  scarcely  visible. 
A  cerebral  ganglion,  resembling  a  long 
sac,  within  the  head,  and  bearing  a  red 
speck  at  its  anterior  extremity.  Males 
and  females  usually  existing  in  the  same 
Volvox.  We-  have  considerable  doubts 
respecting  the  correctness  of  the  above 
accoimt,  since  it  differs  so  widely  fi-om 
what  has  elsewhere  been  observed 
amongst  such  male  animals  as  have 
hitherto  been  discovered  amongst  the 
Eotifera.  The  absence  of  a  complete 
alimentary  canal  has  hitherto  character- 
ized all  male  Rotifera.  (The  female  is 
represented  after  Cohn  in  xxxix.  9.) 

N.  petromyzmi.  —  Elongated,  attenu- 
ated at  both  ends ;  mouth  and  rotary 
organ  lateral.  Ehrenberg  says,  in  May 
1835  he  found  one  in  a  Volvox  Glohator, 
whose  gemmiferous  masses  it  eats  like 
N.  parasitica.  The  eggs  are  often  de- 
posited on  Epistylis.    1-180"  to  1-144". 

N.  ladnulata  (Vorticella  aurindata  et 
arcimdata,  M.).  —  Small,  conical,  trun- 
cated and  slightly  lobed  in  front ;  teeth 
extended,  often  bicuspid.  Alimentary 
canal,  according  to  I^eydig,  clearly  sepa- 
rable into  a  gi-eenish  yeUow  stomach 
and  a  clear  intestine.  This  species  is 
very  active.  Foimd  with  Chlamidomonas 
Ptdvisculus  in  clear  water,  also  in  water- 
tubs.  1-280". 

'N . forcipata. — Small,  elongated;  toes 
long,  and  often  crossed ;  eye  very  large. 
The  vibratile  organ  appears  sometimes 
like  a  simple  wreath.  Amongst  Lemnas. 
Very  common  in  Switzerland,  according 
to  Perty,  but  with  a  small  red  eye-.speck 
instead  of  a  large  pale  one,  as  described 
by  Ehrenberg.  1-180". 

N.  collaris. — Elongated,  large,  gi-adu- 
ally  attenuated  at  both  ends  ;  neck  tur- 
gid; toes  short.  It  swims  slowly,  the 
vibratile  organ  being  .small  in  comparison 
with  the  body.  1-48". 

N.  Wernec'kii.  —  Elongated,  gi-adually 
attenuated  at  both  ends;  toes  short,  ft 


has  two  setie  near  the  mouth.  This 
animalcule  resembles  N.  collaris,  but  is 
smaller,  and  lives  in  the  club-like  ex- 
crescences of  Vaucheria  as  an  entophyte. 
1-90". 

N.  Najas. — Conical,  cylindrical,  stout, 
trimcated  in  front ;  no  auricles.  It  re- 
sembles Hydatina  santa  and  Uosphora 
NaJas ;  it  is  distinguished  fr'om  the  first 
by  its  cervical  eye,  from  the  latter  by  the 
want  of  fi'ontal  eyes.  Amongst  Lemnie. 
1-120". 

N.  aicrita  (xxxvi.  .3-6). — Described  by 
Mr.  Gosse  as  cj'Undrical,  but  fi-equently 
pjT-ifonn.  Head  obliquely  truncate,  belly 
nearly  straight,  posterior  extremity  pro- 
duced into  a  retractile  foot  (xxxvi.  4  h) 
with  two  pointed  toes,  which  organ, 
being  anterior  to  the  cloaca,  is  not  a 
tail.  An  oval  mark  on  each  side  of 
the  head,  fi'om  which  the  animal  can 
suddenly  project  a  semiglobular  lobe 
by  evolution  of  the  integument  (xxxvi. 
4  a),  each  lobe  fi-inged  with  cilia,  fonn- 
ing  a  locomotive  organ;  fringe  of  cilia 
extending  across  the  fi'ont  of  the  face 
as  far  as  the  constriction  of  the  neck. 
Maxillary  bulb  or  gizzai'd  (4  b)  large, 
oval,  nearer  the  ventral  than  the  dorsal 
side,  having  imbedded  within  it  a  pair 
of  complex  jaws  (xxxAa.  6  *).  A  duct 
leads  fi'om  the  maxillary  bulb  to  the 
continuation  of  the  alimentary  canal, 
which  is  wide,  subcylindiical,  tapering 
towards  the  anus,  not  divided  by  any 
constriction,  but  at  once  stomach  and 
intestine  ;  walls  thick,  probably  cellular. 
Cloaca  between  the  projecting  point 
(xxxvi.  3)  and  the  foot.  Ovary  large, 
occupying  the  ventral  region ;  some- 
times long  and  clear,  containing  trans- 
parent globules  (4/),  at  others  gra- 
nulated (xxxvi.  3).  A  large  developed 
egg  (4o)  often  occupying  a  great  por- 
tion of  the  abdominal  cavity.  Eggs  large, 
covered  with  short  flexible  spines.  Male 
unknovra.  Water-A'ascular  sj'stem  con- 
sisting of  two  sets  of  tortuous  vessels, 
commencing  at  the  cloaca  (6  «)  and 
terminating  at  the  head,  and  bearing 
tremulous  tags.  Parallel  with  the  oeso- 
phageal bulb,  but  nearer  the  dorsal  sur- 
lace,  is  a  large  lobulated  subgloboso 
mass  of  dense  matter  (4  y),  white  by 
reflected  light,  but  opaque  and  hence 
appearing  black  by  transmitted  liglit, 
occupying  the  bottom  of  a  deep  cylin- 
drical sac.  A  tube  runs  througli  the 
centre  of  this  sac  towards  the  rotary 
organ,  "on  which  it  opens,  or  at  Iciust 
impinges"  (Jicydig).  As  this  opaque 
mass  supports  the  eye-spot,  Gosse  re- 
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gards  it  as  cerebral.  Muscular  system 
complex  (xxxvi.  5,  6).  Six  or  seven 
muscles  are  cu'cular  and  transverse 
(6 1)  ;  others,  arranged  longitudinally 
(pi),  are  attached  to  various  internal 
viscera  and  to  the  integument.  Some  go 
to  the  occipital  sac,  others  to  the  gizzard 
and  to  the  foot,  effecting  various  motions 
in  all  these  organs.  Gosse  observes,  "  It 
commonly  keeps  the  ear-like  lobes  con- 
cealed whilst  crawling,  bvit  will  often 
suddenly  protrude  them,  and  in  the  same 
instant  shoot  oif  through  the  water  with 
considerable  rapidity  and  with  a  smooth 
gliding  motion,  partially  revolviug  on 
the  longitudinal  axis  as  it  proceeds." 

Leydig  observes  that  the  alimentary 
canal  consists  of  two  portions — stomach 
and  intestine.  1-70".  Amongst  Con- 
fervEe,  &c. ;  also  beneath  ice.  (xxxvi. 
3-7.) 

N.  (/{&6a.— Back  swollen,  front  trun- 
cated, not  am-icled,  no  cerebral  saccidi 
below  the  eye ;  toes  short ;  the  vibratile 
organs  compoimd.    In  old  exposed  in 
frisions.  1-200". 

N.  ansata  ( Vorticella  aurita,  M.).  — 
Turgid  in  the  middle,  suddenly  trun- 
cated at  both  ends  ;  the  fi-ont  amicled, 
no  cerebral  sacculi  below  the  eye  ;  toes 


thick.  In  bog-water,  amongst  Confervaj. 
1-120". 

N.  decipiens.  —  Cylindrical,  not  au- 
ricled;  toes  short;  the  ovarium  often 
contains  four  large  eggs.  Perty  thinks 
this  is  only  the  yoimg  of  some  other 
species.  1-180". 

N.  (?)  Felis. — Small,  slender ;  one  horn 
in  front ;  eye  colomless ;  back  attenu- 
ated posteriorly,  and  forked.  1-240". 

N.  (?)  Tigris  {Triyoda  Tigris,  M.) 
(xxxiu.  421). — Cylindrical,  cui-ved,  foot 
half  the  length  of  the  body ;  toes  very 
long,  and  curved  downwards;  it  has  a 
little  horn  in  front ;  the  eye  is  large  and 
red.  Perty  has  found  many  examples 
without  the  red  eye.  Amongst  OscU- 
latoriiB.  1-72". 

N.  lon()iseta  (  Vorticella  longiseta,  M.). 
—Cylindrical,  ti-uncated  anteriorly ;  toes 
stylifoi-m,  unequal,  and  two  to  four  times 
longer  than  the  body.  It  is  active,  and 
fr-eq^uently  leaps,  beiag  assisted  by  its 
long  claws,  which  resemble  tails.  Fig. 
421  is  a  full-gTown  specimen.  Entire 
length  1-60". 

N.  ceqmlis  (Vorticella  longiseta,  M.). 
— CyUndrical,  obtuse  in  fi-ont ;  toes  stj'- 
liform,  equal  the  length  of  the  body. 
1-120". 


b.  Subgenus  Ctenodon. 
N.  cZamZrtto.— Bell-shaped ;  foot  coni- 
cal, very  short;  pancreatic  glands  of  a 
club-shape.  This  creatm-e  presents  great 
facility  for  observing  its  iutemal  struc- 
tui-e ;  but  the  limits  of  this  work  preclude 
details.  Mr.  Gosse  kindly  infoi-ms  us 
that  he  has  distinctly  seen  m  it  a  nor- 
mal intestine  terminating  in  the  cloaca. 

1-96".  ,  ,  , 

N.  Tuba.  —  Conical,  trumpet-shaped, 

dilated  anteriorly;  foot  fru-cate  and 
acute.  It  resembles,  in  form,  Stentor 
Mulle)-i,  but  is  more  active.  1-120". 

N.  ^rflc/wo«MS.— DUated,  nearly  square, 
depressed,  foot  slender,  eggs  pendidous. 
This  creature  appears  to  have  a  sheU, 
but  Dr.  E.  says  it  has  not.  Ehrenberg 
described  his  N.  granidaris  as  depositing 
its  eo-crs  upon  N.  Brachiomis,  whence  he 
concluded  that  the  former,  like  the 
cuckoo,  left  its  young  to  be  reared  by 
another  creature.  He  found  that  some  oi 
the  eo-o-3  on  the  dorsal  sm-face  of  N.  Bra- 
chionm  produced  N.  fjranularis.  Leydig 
solves  the  mystery  by  affii'niing  that  the 
latter  species  is  the  male  of  the  former, 
the  animal  in  this  case  bemg  bisexual, 
not  hermaphrodite.  1-96' .  .  ,  , 
^  Oval,  subtruncated,  and 

slightly  auricled  in  front.  Dark  red  eye- 


''aws  many-tootJied. 
speck  with  three  chalky  masses,  giving 
the  organ  a  trilobed  appearance.  Foot 
apparently  trifid,  but  not  really  so,  the 
centi-al  lobe  being  only  the  prolonged 
back  of  the  animal.  1-200". 

N.  sacci!7e?-a.— Elongated,  C3'lindncal, 
attemiated  posteriorly;  fork  short.  It 
has  a  cm-ious  internal  pouch  beneath  the 
eye,  with  a  gi-oup  of  rounded  vesicles 
in  front  of  the  stomach,  recalling,  as 
Perty  observes,  the  pretended  ag-glome- 
ration  of  eyes  in  Theorus. 

N.  CopiMs.—L&rge,  attenuated  at  botli 
ends;  tail  small  and  indm-ated.  This 
curious  creatm-e  has  a  long  bristle  on 
each  side  of  its  body;  and  on  each  side 
of  the  head  a  stout  process,  caUed  by 
Ehrenberg  an  auricle,  fi-uiged  vnth.  vibra- 
tile cilia  at  its  ends,  and,  like  the  setoe, 
standing  out  at  right  angles  to  the  body ; 
a  thick  gelatinous  substance  covers  the 
body;  the  back  terminates  in  a  some- 
what hard  point,  which  is  a  ti-ue  tail, 
between  which  and  the  foot  the  dis- 
chai-ffiug  opening  is  situated.  \N  hen 
creeping,  the  large  vibratUc  arms  are 
withdrawn,  but  it  vibrates  with  the 
frontal  cilia  and  proboscis,  rxxxiii.  4i0 
represents  the  creature  extended.)  l-ib  . 
ccntrura  (xxxviii.  26).— Body  large, 
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attenuated  at  both  ends.  Usually  sur- 
rounded by  a  broad  gelatinous  slioatb, 
either  hyaline  or  filled  with  small  aci- 
cular  bodies.  According  to  Ehreuberg, 
in  this  sheath  vegetate  threads  of  Hij- 
drocrocis ;  but  these  could  not  be  found 
by  Leydig.  Sheath  wanting  in  yoimg 
specimens.  Cuticle  thick,  soluble  in 
caustic  potass.  Behind  the  middle  of 
the  body,  on  each  side,  is  a  small  conical 
eminence  (xxxvm.  26  6),  sui-raoimtedby 
a  bimch  of  long  sette.  Kotaiy  organ  pe- 
culiar, differing  from  Ehrenberg's  repre- 
sentation. Anterior  ciliated  exti-emity 
small  compared  ^vith  the  size  of  the 
animal ;  venti'al  portion  (fig.  26  d)  pro- 
longed in  the  form  of  a  half  canal  or 
gi'oove,  constituting  a  kind  of  under  lip. 
At  the  base  of  this  is  the  mouth,  com- 
municating with  the  maxillary  bulb  and 
oesophagus,  and  opening  into  a  stomach 
■w^tE  walls  composed  of  large  cells  (fig. 
26/),  bej'ond  which  is  a  restriction 
separating  it  from  the  rectimi  (fig.  ^Qg). 
Three  sac-like  organs  (fig.  26 1,  c)  on  the 
hinder  border  of  the  brain  (fig.  26  /c)  : 
the  centre  one  composed  of  clear  vesicles 
(fig.  26  c),  the  outer  two  apparently 
sometimes  continuous  with  the  cerebral 
ganglion.  They  are  gi-anular,  nucleated, 
and  apparent  with  some  inorganic  mat- 
ter, which  is  white  by  reflected  and  dark 
by  transmitted  light.  Ovary  (fig.  26  o) 
transversal ;  Perty  saw  only  winter  ova 
in  it.  (xxxvn.  25  exhibits  a  small  por- 
tion of  the  ovary  in  which  an  ovum  is 
forming, — a  being  the  genninal  spot,  h  a 
clear  space  sniToimding  it,  and  c  the 
yelk-substance,  xxxvm.  11.  represents 
a  small  portion  of  the  water-vascular 
canal  with  its  tags,  and  fig.  12  the  ter- 
mination of  a  tag  with  its  contained 
cilimn.) 

N.  hrachyota. — Small,  slightly  attenu- 
ated towards  the  ends ;  no  tail,  am-icles 
very  small ;  it  has  two  dark  spots  neai- 
the  eye ;  foot  forked.  1-120". 

N.  Pleurotrocha. — Slender,  cylindrical, 
not  auricled ;  foot  with  very  short  toes ; 


eye  obscm-e,  ovate,  largo ;  jaw  with  one 
tooth.  1-144".  Berlin.  Has  the  form 
of  Pleurotrocha. 

N.  vermicularis  (Duj.). — Vei-miform, 
very  contractile  ;  of  variable  form,  with 
a  kidney-shaped  red  speck  (xxxvm.  33), 
in  which  is  partly  imbedded  a  white 
transparent  globule.  1-118".  Found  in 
the  Seine. 

N.  tardujrada  (Leydig)  would  be  re- 
ferable to  the  genus  Lindia  (Duj.),  had 
not  its  author  made  the  absence  or  cilia 
from  the  head  a  generic  character.  Fi- 
giu'e  vennifonn,  rounded  in  fi'ont,  pro- 
longed behind  into  a  short  biimcinate 
foot.  Mouth  a  long  fissure  on  the  imder 
side  of  the  head,  which  is  clothed  vsdth 
short  and  delicate  cilia,  the  only  part  of 
the  head  so  furnished.  Maxillary  bulb 
capable  of  being  protruded.  Dental  ap- 
paratus recalling  to  mind  that  oi  Echinus. 
(Esophagus  long,  resembling  that  of  N, 
centrura.  Stomach  long,  yellow,  with- 
out cilia  on  the  fi-ee  sm-faces  of  its 
parietal  cells.  Intestine  short  and  clear, 
openiao'  at  the  base  of  the  foot  on  the 
abdominal  sm-face.  Contractile  sac  vi- 
sible, giving  off  traces  of  two  water- 
canals,  but  without  vibratile  tags.  Above 
the  maxillary  bulb  the  "  sacculus  cere- 
bralis  "  of  Ehrenberg,  white  by  refiected 
and  black  by  transmitted  light,  and 
soluble  in  Kqtior potasses. 

N.  roseola  (Pei-ty). — Body  of  a  pale 
rosy  red,  elongated,  rounded  in  fi-ont. 
Rotary  organ  fonning  a  cylindiical  pro- 
cess on  each  side  of  the  head.  Cohn 
suggests  that  the  animal  may  be  identical 
with  his  Lindia  toridosa. 
_  N.  oniscijformis  (Perty). — Body  broad 
like  an  Oniscus,  with  a  roimd  lappet  on 
each  side  of  the  head.  Jaws  strong, 
many-toothed;  tail  flat,  rather  long. 
Entire  anterior  extremity  capable  of 
being  retracted.  An  eai'-lilie  lappet  on 
each  side  of  the  head,  between  which 
are  seen  the  vibratile  cilia.  No  alimen- 
tary canal  seen  beyond  the  maxiUary 
bulb.    Amongst  Confervse  and  Chara5. 


Genus  STNCH^TA  (XXXIII.  422).— Eye  single,  cervical ;  rotary  organ 
of  SIX  to  ten  lobes,  and  armed  with  from  two  to  four  styles  ;  foot  furcate. 
The  strong  styles,  or  bristles,  are  situated  between  the  clusters  of  cilia,  and 
probably  act  as  tactile  organs  ;  the  body  is  very  short,  broad  anteriorly,  and 
tapers  to  a  point  posterioriy,  or  is  conical.  Internal  longitudinal  muscles 
exist  in  aU  the  species ;  those  of  the  foot  are  seen  in  three  species  :  the  oeso- 
phageal head  18  large,  with  single-toothed  jaws  ;  but  in  two  species  only  is  the 
whole  che>vmg  apparatus  distinctly  seen.  The  thin  oesophagus  is  long  in  two 
species,  short  m  the  rest;  it  leads  to  a  simple,  wide,  conical  alimentary 
canal,  which  has  two  roundish,  or,  in  one  species,  conical  pancreatic  glands 
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The  ovary  is  roUed  up  like  a  baU;  contractile  vesicles  exist  in  three,  and 
glands  in  two  species ;  transverse  bands  (fom-  to  ten)  are  visible  in  two 
fpecies,  and  probably  a  respiratory  tube  m  S.peoUnata  and  8.  tremula  a 
tTemuLs  g-Ol  being  also  present  in  the  former.  The  pnncipal  nervous  ma  ter 
a  Ctt/mass  sm-rounding  the  head  of  the  oesophagus ;  and  m  the  middle 
of  it  i«  a  large  roundish,  red  eye.  In  S.  pectmata  three  pau-  of  gangha  and 
sting  neivef  lre  also  said  to  be  seen ;  but  this  is  doubtfuL  Abdominal  flmd 
of  a  reddish-yellow  colour.  (For  remarks  on  the  genus,  see  H^datina,  p.  677.) 
Stnch^ta  pectimta. — Short,  conical 


with  two  styles  and  two  crest-like  horns 
anteriorly.  "Are  these  horns,"  asks 
Ehrenberg,  "respiratory  tubes,  as  m 
Polyarthra,  and  in  Anurcsa  ?"  The  live- 
liness and  uniform  transparency  of  this 
animalcule  render  it  difficult  to  distin- 
guish its  various  organs.  The  styles 
ai-ise  from  the  muscle  of  the  cesophageal 
head,  andappear  asif  belonging  to  simple- 
toothed  jaws.  Eye  blue.  Egg-yelk  con- 
taining heaps  of  red  fat-globules,  (xxxtn. 
422,  a  dorsal  view  showing  its  organiza- 
tion.)   Amongst  Confei-vse.  1-120" 

S.  Baltica.—Oy&te  ;  rotai-y  clusters 
and  styles,  fom-  each ;  crest  single,  sessile. 
This  creatm-e  is  supposed  to  occasion 
phosphorescent  light  in  the  ocesm.  in 
two  samples  of  water  received  by  Ehren- 
berg at  Berlm,  from  Kiel,  the  lummous 
property  existed;  but  this  species,  thoug;h 
present,  did  not  evolve  any  light.  Mi- 
chaelis,  however,  has  noticed  the  produc- 

jaws  ;  oesophagus  shoit,  nairow,  open  ^  p^_.p-.f„.i„  above  the  intestine, 
KeT^  (Str  "iitdat  both  end.  with  scattered  hah.. 


tion  of  light  from  this  Synchata,  as  did 
Baker  a  century  ago.  Ehrenberg  thinks 
it  takes  place  only  when  developmg  ova. 
1-100". 

S.  o&fo»^a.— Oblong,  with  six  rotary 
clusters,  and  fom-  styles ;  crest  sessile  and 
single.  Distinguished  from  the  follow- 
ing by  the  form  of  the  pancreatic  glands. 
Amongst  Confervse  in  spmg.  Length 
about  1-100". 

S.  tremula  (Vorticella  tremula,  M.). — 
Body  tridy  conical,  with  six  rotary  clus- 
ters, fom  styles ;  crest  none  ;  gi-anules  of 
yelk  dark  colom-ed.  Length  about  1-160  . 
Mr.  Gosse  thmks  this  may  he  a  dicecious 

species.'  . 

S.  7nordax  (Gosse). —  Body  conical, 
subventricose;  toesmmute;  auricles  large, 
pendent ;  principal  styles  four,  the  lai-ger 
(or  lateral)  pair  sometimes  branched ;  eye 
rather  small,  brilliant ;  two  pairs  of  pro- 
ti-usile  snapping  jaws.  1-72". 


ScAJiXDnmlongicauda  {Trichoda  longi 
Cauda,  M.).— Foot  twice  as  long  as  the 
body,  toes  haK  as  long  as  the  foot ;  the 
animal  springs  or  leaps  quickly,  by  a 
rapid  movement  of  the  loot ;  it  does  not 
anpear  to  have  a  lorica,  and  is  distm- 
mi\shed  fi'om  all  other  Rotatoria  by  the 
fen^rth  and  bending-m  of  the  foot  which, 
as  also  the  body,  is  covered  with  a  stiiF 


slrin.  Behmd  the  eye  is  a  trtmsverse 
fold  m  the  neck,  where  the  head  di-aws 
itself  into  the  body ;  the  foot  has  also  a 
ti-ansvei-se  fold  when  it  bends,  (xxxin. 
423,  the  animalcule  extended,  right  siae ; 
fig  424  the  cesophageal  head,  with  un- 
equal iaws,  &c.,  extended  by  pressure.) 
Amongst  Oscillatoriffi.  Entn-elength  of 
thebody  1-72";  without  the  foot,  l-21b  . 


n  POT YAETHEA  (XXXIIL  400-402 ;  XXXVIIL  30).-Eye  single, 
Genus  ^0^™^\^'^to^^^^^^  with  cirri,  or  pectoral  fins.  The  rotary  organ 
cervical;  f  °  ^^^^^^^^^^^^^^^^^^^^^  inserted  in  as  many  muscular  sheaths;  they 
consists  of  four  1^^^^^^%°'  "^V"  V .  o,.gan  of  a  Brachiomis.    The  form 

rth^ody-SUt  t.':" or^ 
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Laterally  there  arc  t\yo  longitudinal  dorsal  muscles ;  the  frontal  region  has 
httle  horns,  provided  with  bristles  ;  and  upon  the  breast  are  six  strong  styles, 
or  barbs,  forming  two  clusters,  which  move  in  a  fin-lDce  manner.  The  oeso- 
phageal head  has  two  single-toothed  jaws ;  oesophagus  short ;  ahmentaiy 
canal  with  a  stomach-like  division,  produced  by  a  constriction ;  supposed 
pancreatic  glands,  two.  An  ovaiy  exists  in  both  species,  and  in  one  of  them 
a  contractile  vesicle ;  a  large  frontal  ganglion  and  a  roimd  red  eye  indicate 
the  system  of  sensation. 

The  preceding  genera  of  this  family,  together  with  two  peculiar  to  himself, 
viz.  PlagiognaiJm  and  Lindia,  form,  in  the  system  of  Dujaxdin,  the  family 
Plosculariens ;  but  the  genus  Polyarthra  and  a  few  others  in  this  family  of 
Ehrenberg  belong  to  the  Brachioniens  of  that  author. 

Prom  the  remarks  of  the  French  natiu-alist,  it  is  to  be  inferred  that  he 
regards  the  distinction  between  Polyarthra  and  Triarthra  as  insufficient. 


Foi,Y AUTHS, A  platyptei-a  (xxxvm.  30, 
also  XXXIII.  400-402  &  425).  —  Ciliary 
wreath,  according  to  Party,  not  as  de- 
scribed by  Ehrenberg  and  Dujardin,  but 
continuous  and  symmetiical,  with  two 
eminences  crowded  by  setse,  besides 
which  are  several  long  stylifonn  cilia. 
Near  the  posterior  end  of  the  body  are 
two  fossae  with  unsymmetrically  arranged 
setse  extending  from  them.  Alimentary 
canal  consisting  of  a  conical  oesophageal 
bulb,  stomach,  and  intestine.  Stomach- 
cells  ciliated ;  contractile  sac  present, 
but  no  water-vascxilar  system  seen ;  lon- 
gitudinal muscles  sti-iated;  abdominal 
fluid  yellowish-red ;  ovary  somewhat  bi- 
comate ;  yelk  of  ovum  with  large  reddish 


fat-globules.  No  winter  ova  seen.  Em- 
bryo with  bluish  spots.  Ova  adhering  to 
the  exterior  of  the  body ;  only  one  seen 
at  a  time  (Leydig).  It  swims  quickly, 
and  often  leaps,  like  the  water-flea :  this 
last  motion  is  produced  by  the  fins  or 
pinnae,  the  former  by  the  vibratile  organs. 
(Figs.  400,  401,  &  425  represent  the  P. 
Triffla  of  authors;  but  Leydig  has  decided 
that  it  is  identical  with  P.  platyptera. 
Fig.  425  the  under  side  while  the  ani- 
malcide  is  swimming,  with  the  pinnae 
depressed ;  fig.  400  a  dorsal  view  while 
leaping  or  springing ;  and  fig.  401  a  side 
view,  right.)  'This  creature  is  infested 
with  Coladwn.  Aonongst  Confervae. 
1-140". 


Genus  DIGLENA  (■?). — Eyes  two,  frontal;  foot  forked.  Excepting  the 
foot  and  rotary  organ,  they  have  no  external  prominent  organ,  though  some 
protrude  the  teeth  in  a  pincer-hke  manner.  The  oesophageal  bulb  has  single- 
toothed  jaws  ;  the  oesophagus  is  very  short,  except  in  D.  lacustris ;  alimentaiy 
canal  conical,  simple,  in  six,  and  constricted  in  two  species.  In  all,  two 
glands  are  present,  which  in  D.  lacustris  are  long  cylindrical  and  two- 
horned  ;  in  the  rest  they  are  spherical.  The  ovary  in  D.  lacustris  is  band- 
like, in  the  others  globose.  Contractile  vesicles  are  observed  in  four  species. 
No  species  is  viviparous ;  none  carry  their  egg  hanging  to  them ;  transverse 
muscular  bands  are  seen  m  thi-ee,  and  in  one  a  vascular  network  at  the  head  • 
tremulous  tags  are  found  in  three  species,  in  two  of  which  they  appear  as  if 
attached  to  the  water- vascular- canal  glands.  The  cerebral  ganglion  is  more 
especially  developed  in  D.  lacustris,  but  is  indicated  in  all  the  species  by  the 
coloured  eyes. 


DiGLENA  lacustris. — Stout,  oval,  cr^'- 
stalline  ;  the  front  straightly  truncated ; 
foot  suddenly  attenuated,  in  length  one- 
foiu'th  of  the  body ;  the  toes  one-third 
the  length  of  the  foot.  The  transparency 
of  this  animalcido  is  often  a  great  hin- 
drance to  the  discrimination  of  its  internal 
organs,  though  they  are  very  large  ;  the 
superficial  slnn  is  d.elicately  shagreened. 
(xxxm.  403  a  side  view,  left,  of  this  in- 


teresting animalcide,  with  a  Ljiiceus — 
see  Microscopic  Cabinet,  pi.  vii".— in  its 
stomach;  its  curious  internal  organiza- 
tion is  clearly  depicted.  Often  found  in 
green-coloured  water.)  1-70". 

p.  c/randis. — Long,  slender,  and  cylin- 
drical, obliquely  truncated  anteriorly ; 
toes  straight,  longer  than  the  stout  foot. 
The  forked  central  sacculus,  near  the 
head,  is  remarkable,   (xxxiii.  404  an  ex- 
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tended  auimalculo,  right  side ;  xxxiii. 
405  another,  contracted,  with  the  jaws 
pushed  out.)    1-120"  to  1-72".  _ 

D.  forcipata  {Vorticdla  vermicularis, 
Cercaria  forcipata  et  E.  vermicularis,  M.) 
(XL.  24).— Cylindi-ical,  slender,  obliquely 
truncated  anteriorly ;  toes  deciu-ved,  and 
longer  than  the  stout  foot.  1-110". 

D.  (?)  aurita  {Vortieella  Canicula,  M.). 
— Cylindiical,  slender  ;  front  straightly 
ti-uncated,  auricled ;  foot  suddenly  con- 
stricted, toes  sniaU.  The  treimdous  organ 
observed  by  Corti  was  merely  the  vibra- 
tile  lining  membrane  of  the  anterior  por- 
tion of  the  alimentary  canal.  Amongst 
ConfervEe.  1-160".  . 

D.  catellina  (Cercaria  catelhna,  Vorti- 
eella Larva,  M.).— Oblong,  short,  ends 
ti'imcated ;  foot  short,  and  inferior.  Ihe 
small  size  of  this  animalcide  is  unfavour- 
able for  observing  its  internal  organiza- 
tion. It  is  found  at  all  seasons  of  the 
year  in  open  water,  and  in  infusions 
covered  with  a  gi-een  pellicle,  which  is 
often  filled  with  its  eggs ;  these,  when 


rapidly  developed  by  genial  weather, 
cause  a  milky  turbidity  in  the  water. 
1-.360". 

D.  conura. — Ovate-oblong,  straightly 
tnmcated  in  front,  and  gradually  attenu- 
ated to  a  conical  foot.  Amongst  OsciUa- 
torite.  1-144". 

Ti.capitata.—QMon^,  conical,  obliquely 
ti'uncated  and  dilated  in  front ;  toes  long, 
without  apparent  base,  or  foot.  Feeds 
upon  Chkwiydomonas  and  Navicula, 
1-300". 

D.  eaudata  (Vortieella fureata,  M.). — 
Elongated,  conical,  obliquely  trimcated 
anteriorly,  but  not  dilated ;  foot  distinct, 
short ;  toes  long.  In  green  water.  1-200". 

D.  (?)  hir aphis  (Gosse).— Oblong,  the 
head  and  abdomen  gently  swelling ;  toes 
long,  slender,  straight,  and  perfectly 
even  in  thickness ;  eyes  placed  close  to- 
gether, frontaUy;  jaws  protinisile;  alimen- 
tary canal  very  large,  projecting  behmd 
and  above  the  gizzard,  always  filled  with 
green  matter.  Length,  iucluding  toes, 
1-110". 


Genus  TEIAKTHKA  (XXXIII.  40 6-40 8). -Eyes  two,  frontal;  foot 
simple  styliform  ;  breast-fins  two.  Beside  the  rotary  organ,  internal  band- 
l^e  muscles  are  observed,  and  two  bristles,  or  fins,  which  assist  in  leaping, 
^inm^arZu  The  (Esophageal  bulb  has  two  double-toothed  jaws,  as  m 
BMer  iL  oesophagus  is  long  in  one  species,  short  m  the  other ;  alimentaiy 
faS  simnle  coLical  or  constricted,  with  two  spherical  glands.  _  An  ovary 
artont^Sile Tsicles  are  seen;  the  eggs,  when  expelled,  remain  attached 
bv  thSs  The  nervous  system  is  indicated  by  the  two  red  eyes,  placed 
Son  gangUa.  Both  species  often  produce  a  milky,  tm-bid  appearance  m  the 
Zter!  when  developed  in  masses.    A  third  species  is  now  added. 

-  —  "  when  the  animal  is  swimmmg ;  40b  a  side 
(rio-ht)  view  of  a  full-grown  specimen— 
the  styles  are  advanced,  prepai-atory  to 
leaping.)  Found  with  Hydatma  senta 
mKBracliionusureeolaris.  Length,  with- 
out cm-hi,  1-140" 


T.   longiseta   (Trichoda,  M.).-Eyes 
distant ;  the  cim  or  beards,  and  the  toot, 
are  nearly  three  tunes  the  leng-th  of  the 
body.    This  species  is  distingmshed  Irom 
the  foUowing  one  by  the  gi-eater  length 
of  cmi ;  by  larger  eyes,  fui-ther  removed 
from  each  other;  by  a  distmct  stonmch, 
with  a  constriction  separating  it  from 
the  long  portion  of  the  alimentary  canal; 
and,  lastly,  by  its  long  oesophageal  tube. 
It  is  readily  distingmshed  by  its  leapmg 
movement  whilst  swimming,  (xxxiii. 
408,  a  yoimg  animal  emerging  from  the 
egg  the  cim  or  styles  bemg,  as  yet,  sott; 
40?'  back  view  of  a  yoimg  specimen— it 
shows  the  great  separation  of  the  eyes  and 
the  styles,  in  the  position  they  occupy 

r«nn.  UATTIJLUS  (XXXIII.  409).-Eyes  two,  frontal;  foot  simple, 

£r~lrphteaf  t^"'  -^-^  "™ 

round  gkuis,  an  oyary,  and  the  oy«. 


T.  mystacina  {Brachionuspassus,  M.).— 
Eyes  close  together;  two  anterior  cm-i, 
or  bristles ;  foot  neaily  double  the  len^h 
of  the  body ;  jaws  very  soft,  \-2lb  . 
In  water-  tubs.  ,  .  , 

T.  hreviseta  (Gosse).  —  Cylmdncal ; 
pectoral  and  caudal  spines  each  about 
one-fifth  of  total  length,  and  very  slender. 
Length,  including  foot,  1-185".  Leammg- 
ton. 
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This  geniis  (Raitulus,  or  Bntuhis)  was  established  by  Lamarck ;  but  the 
animals  included  iu  it  by  him  were  referred  by  Ehrenbcrg  to  two  genera, 
Mastigocerca  and  Monocerca,  and  the  term  Eattulus  conferred  upon  an  animal 
placed  among  CercariiB,  and  called  by  Miiller  Tricliocla  lunaris.  "  The  Mas- 
tigocerca carinata  (Ehr.),"  observes  Dujardin,  "  is  described  as  loricate<l,  and 
entera  into  the  family  Euchlanidota ;  and  Monocerca  Batkis,  without  lorica,  is 
placed  among  the  Hydatinasa;  but  the  beings  described  under  these  two 
appellations  represent  but  a  single  species,  Ratulus  ....  The  Monocerca 
biconm  of  Ehi-enberg  would  seem  to  be  a  distiuct  species,  by  reason  of  the 
horns  with  which  it  is  axmed  in  fi-ont." 


Rattulus  lunaris  (Trichoda  lunaris, 
M.). — Small;  eyes  remote  from  the 
frontal  mai-gin ;  foot  decm-ved,  hmate. 
No  teeth  are  seen  (xxxm.  group  409). 


In  tiu-fy  pools.  1-288". 

R.  carinatus  (Diij.)  (xxxvni.  22)  = 
Monocerca  Rattits. 


Gtenns  DISTEMMA. — Eyes  two,  cervical ;  foot  forked ;  rotary  organ  com- 
pound. The  oesophageal  head  supports,  in  three  species,  jaws,  with  two  teeth 
each ;  in  one  species  with  more  than  two ;  oesophagus  short ;  alimentary 
canal  simple,  conical,  with  two  spherical  glands.  An  ovary,  and  in  D.  (?) 
marinum  glands  and  a  contractile  vesicle  are  seen.  No  satisfactory  details 
of  a  water-vascular  system  are  ascertained ;  the  eyes  are  red,  except  in.  one 
species,  ia  which  they  are  coloui'less,  and  in  all,  except  D.  marinum,  they  are 
situated  behind  the  head  of  the  oesophagus ;  in  that  one  they  are  anterior, 
but  below  the  rotary  organ.  The  eggs  are  never  attached  to  the  parent,  nor 
are  they  developed  in  large  masses. 


DiSTEJOiA  Forficula.  —  Cylindrico- 
conical ;  eyes  red ;  toes  thick,  recurved 
and  dentate  at  the  base.  The  eyes  are 
placed  at  the  end  of  a  long  cjdindrical 
nervous  ganglion  ;  the  rotary  organ  con- 
sists of  fom*  pai-ts.  XXXIII.  411  is  a  side 
(left)  view,  and  fig.  410  shows  the  jaws 
extended  for  seizing  prey.  Perty  be- 
lieves this  to  be  identical  with  Furcu- 
laria  Forficula,  having  but  a  single  eye. 
1-120".  _ 

D.  setic/erum.  —  Ovato-oblong  ;  eyes 


red ;  toes  setaceous  and  decmwed. 
1-216". 

D.  (?)  marinum. — Ovato-conical ;  eyes 
red,  close  together ;  foot  long ;  toes  thick, 
the  length  of  the  foot ;  jaws  many- 
toothed.    In  sea-water.  1-144". 

D.  (?)  forcipatum.  —  Ovato-oblong  ; 
eyes  coloiu-less;  foot  short,  with  stout 
toes.  If  the  two  colomless  vesicles  are 
not  eyes,  it  must  be  placed  in  the  genus 
Pleurotrocha,  1-288". 


Genus  TRIOPHTHALMUS  (XXXIII.  412-414).— Eyes  thi-ee,  ceiwical, 
sessile,  in  a  row ;  foot  forked ;  rotary  organ  compound.  It  has  a  large  oeso- 
phageal head,  with  two  (single-toothed?)  jaws,  a  long  thin  oesophagus,  a 
globose  stomach-like  protuberance,  with  two  oval  glands,  and  a  thin  intes- 
tine ;  two  muscles  move  the  foot.    Several  small  tags  seen  in  T.  dorsalis. 


Teiophthalmus  dorsalis. — Body  cry- 
stalline, turgid ;  central  eye  largest ;  foot 
suddenly  attenuated,  its  length  half  that 
of  the  body.  This  species,  in  fonn,  re- 
sembles Notommata  ansata,  but  in  size 


N.  ^lyrmeleo.  (xxxiii.  412,  dorsal  side  of 
an  animalcide  extended  as  it  appears 
when  swimming  and  vibrating ;  fig.  413 
one  in  the  act  of  unfolding  Itself,  and 
fig.  414  another  contracted.)  1-40". 


Genus  EOSPHORA  (XXXIII.  415).— Eyes,  according  to  Ehrenberg, 
sessile,  three— two  frontal,  one  cervical ;  foot  forked.  The  rotary  organ  is 
composed  of  numerous  muscular  portions.  An  oesophageal  head,  provided 
with  two  single-toothed  jaws,  a  short  oesophagus,  a  simple  conical  alimentary 
canal,  with  two  ovate  glands  anteriorly,  an  ovary,  somewhat  extended,  and 
a  contractile  ve.sicle,  are  also  discoverable.    Transverse  bands  are  obseiwable 
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in  two  species,  and  tags  in  the  third.  Beside  the  three  red-coloured  eyes,  a 
cerebral  gangHon  is  seen.    Distinctly  striated  longitudinal  muscles  are  seen 

^  According  to  Leydig,  what  Ehrenberg  has  regarded  as  two  frontal  eyes 
have  no  claim  to  the  name.  Should  this  statement  be  confii-med,  it  would 
become  necessary  to  unite  Eosjpliora  with  Notommata. 

ricled;  toes  a  third  the  length  of  the 
foot.    Amongst  Confervse.  1-96". 

E.  e/o^ir/ato.— Elongated,  almost  fusi- 
form, not  amicled,  front  truncated ;  toes 
short.  1-72". 


EosPHOBA  Najas. — Conical,  ti-anspa- 
rent,  not  auricled  ;  toes  much  shorter 
than  the  foot.  (xxxm.  415,  an  animalcule 
fed  upon  indigo.)  Amongst  Conferrse. 
1-12". 

E,  digitata.—Camc^HL,  hyahne,  not  au- 

Genus  OTOGLENA.— Eyes  three,  one  being  sessile  and  cervical,  the  others 
nedicled  and  frontal;  foot  furcated.  This  large  animalcide,  the  sole  repre- 
sentative of  this  genus,  has  considerable  resemblance  to  Notommata  Myrmeleo 
or  N  davulata.  Four  lateral  longitudinal  muscles,  six  moving  the  rotary 
organ  and  two  muscles  of  the  foot  are  present;  a  toothless,  and  apparently 
lawless,  oesophageal  canal  leads  to  a  somewhat  thickened  stomach,  ending  in 
a  verv  thin  intestinal  canal.  An  ovary  and  contractile  vesicles  are  observed 
Avascular  network  at  the  neck  represents  a  water-vascular  system.  An  oval 
cerebral  ganglion,  with  two  dark  appendages,  and  a  red  eye_,  together  with 
two  Httle  hom-Hke  or  auricular  frontal  protuberances  bearmg  two  visual 
points,  represent  the  nervous  system.    This  genus  has  not  been  figui-ed. 

Otoglena  papulosa. -Bea-sh^M,  Vohox  Ghhator  and  Notommata 

turgid,  scabrous  with  papiUffi.    Found   Myrmeleo.    1-96  . 

Genus  CYCLOGEKA  (XXXIY.  425,  426).— Eyes  numerous  (more  than 
threenonglomerate  at  the  neck ;  foot  fiixcate.  The  vibrafele  organ  is  com- 
rmind  andt  with  the  internal  muscles  of  the  foot,  seiwes  for  locomotion.  The 
Shageal  head  has  two  single-toothed  (perhaps  three-toothed)jaws ;  oeso- 
Sus  veiT  short;  ahmentary  canal  conical,  simple,  with  two  roundish 
S  ovaiy  and  a  contractile  vesicle  ai-e  also  present  Ti-ansverse 
cSar  m^scles^d  six  pair  of  tremulous  organs  attached  to  the  water- 
vascular  Tnals,  exist.  A  purse-shaped  dark  (colouidess)  body  m  the  neck, 
«ted  by  a  narrow  process  to  a  large  frontal  ganglion  contammg  fi-om 
sHo  twelvl  red  points,  of  which  the  anterior  one  is  most  marked,  possibly 
iudicates  a  system  of  sensation. 

Gyclogena  Lupus  (Cercaria  Lupus, 
_  Ovato-oblong,  or   conical,  not 
aui-icled;    foot    tei-minal,  and  short, 
(xxxiv.  425*  a  back  view,  4Jb  a 

Genus  THEORUS  (XXXIY.  427-429). -Eyes  numerous  (more  than 
three^^posed  in  two  groups  at  the  neck;  foot  fiu'cate.  A  compox^^  rotaiy 
oSn  tTgether  with  two  muscles  of  the  foot,  an  oesophageal  head,  with  two 
one  toothed  iaws,  a  short  oesophagus,  a  simple  conical  ahmentaiy  canal,  with 
?wo  danT  a  baU-lilce  ovariiim,°and  a  double  group  of  colomiess  ceiW 
!r.^nre  the  details  of  the  organization  at  present  known.  The  fi-ontal 
^  ;ror  hook  ^  perhaps  a  lespiratoiy  tube.  Perty  doubts  ^  Ehrenberg 
HoTeViS  iSi?retatln  of  t^e  sijposed  agglomeration  of  the  eyes  in 

'^Zans^.^aa -Toes  small;  no 

frontal  uncinus.    The  movement  of  this   of  an  animal  of  piej .  C^xxi 


side  view.)  1-120". 

C.  (?)  e%aM5.— Ovate,  not  amicled; 
foot  inferior ;  toes  long.  1-190". 
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view  of  this  animalcule  extended,  with 
six  colourless  eyes  in  each  group ;  428,  a 
specimen  with  four  eyes ;  429,  body  con- 
tracted, but  jaws  extended.)  Among-st 
Oscillatori£e.  1-140". 


T.  uncimtm.  —  Toes  long,  a  frontal 
uncinus,  or  hook,  present.  Six  visual 
points  have  been  seen  by  Ehrenberg. 
Amongst  Oscillatorise.  1-240'' 


The  two  next  genera  mentioned  are  from  Mr.  Gosse,  who,  however,  adduces 
the  latter  one  as  a  doubtful  member  of  the  present  family. 

Genus  ASPLANCHNA  (Gosse,  A.  N.  H.  1850,  vol.  vi.)  (XII.  G5,  66 ; 
XXXVI.  7-9 ;  XXXVII.  27-32).— Eotatorial  Hydatinsea  destitute  of  foot, 
intestine  and  anus,  but  possessing  eyes  (ocelli)  and  jaws  ;  sexes  disjoined. 

This  new  genus  embraces  the  Eotatorial  animal  which  Mr.  BrightweU 
introduced  to  notice  as  "  a  sujiposed  new  species  of  Notommata "  {Fauna 
Infusoria,  Norfolk,  1849),  and  in  which  he  first  detected  the  existence 
of  male  animals  distinct  in  organization  and  character  from  the  female. 
It  was  soon  perceived  that  the  new  forms  represented  by  Mr.  Bright- 
well  could  not  belong  to  the  genus  Notommata  of  Ehrenberg;  and  the 
discovery  of  other  similar  beings  has  led  to  the  creation  of  this  genus 
Asplanclma, 


AsPLANCHNA  BriglitwellU.  —  Jaws 
(mandibles)  one-toothed ;  eye  single  ; 
stomach  oval,  longitudinal;  vesicle  lobed, 
larger ;  tremiilous  corpuscles  (gills,  Ekr.) 
affixed  to  a  long  filament;  ovary  two- 
homed.  Length  about  1-24".  (xn.  65. 
66.)  Males  with  jaws,  pharynx,  and 
stomach  absent ;  body  truncate.  Length 
about  1-40".  Found  at  Norwich,  Lea- 
mington, Hampstead  Heath,  &c. 

]\ir.  Brightwell's  account  is  embraced 
in  the  following  extracts  : — 

"  It  (the  female)  is  furnished  with  an 
ovisac,  in  which  the  young  may  be  clearly 
detected,  and  fi'om  which  they  are  ex- 
eUed  thi'ough  the  sides  of  the  animal, 
ome  of  the  young  appear  to  differ  in 
fonn  from  the  others,  and  there  appear 
to  be  two  kinds  of  ova, — one,  ancf  that 
by  far  the  greater  nimiber,  transparent, 
and  hatched  in  the  body  of  the  parent ; 
the  other,  more  opaque,  perhaps  remain- 
ing unhatched,  or  deposited  till  vivified 
under  favourable  circumstances  in  some 
ensuing  season.  Should  this,  on  further 
investigation,  turn  out  to  be  the  case, 
we  shall  have,  among'  the  Rotifera,  the 
same  mode  of  pfeservmg  the  ova  durino- 
the  winter  as  is  found  in  some  of  the 
Entomostraca,  the  DaphnicB  for  instance." 

"  These  [the  males]  are  smaller  than 
the  females,  and  have  a  pyiiform  sac 
below,  from  which  there  is  an  openino- 
and  which  is  filled  with  spermatozoa : 
and  they  have  neither  jaws,  nor  gullet 
nor  stomach ;  and  it  would  seeni  they 
are  designed,  as  is  the  case  with  the 
males  of  some  insects,  to  continue  the 
race  and  then  to  perish  I  have  lately 


repeatedly  seen  the  male  in  connexion 
with  the  female.  He  attaches  himself 
to  her  side  by  his  sperm-tube,  and  re- 
mains attached  from  twenty  to  seventy 
seconds." 

For  a  more  complete  description  of 
these  very  interesting  forms  we  may 
refer  the  reader  to  the  elaborate  details 
and  figm-es  of  their  organization,  by  Mr. 
Dalrymple,  in  the  Philosophical  tram- 
actions  for  1849,  and  to  Part  L  p.  453 
et  seq.  of  this  voliune. 

Nototnniata  Anglica  of  Leydig  appears 
to  be  only  Mi-.  Gosse's  Asplanchna  Bright- 
wellii. 

k..priodonta  (Gosse). — Females :  Jaws 
serrated  ;  eyes  three  ;  stomach  hemi- 
spherical, ti'ansverse;  vesicle  spherical, 
smaller ;  tremvdous  bodies  attached  to  a 
twisted  and  plicate  filament ;  ovary  sub- 
globose  (xxxvi.  9 ;  XXXVIII.  28).  Leno-th 
about  1-48".  Males :  Bodv  acute  (xxxvi. 
7,8).  1-110".  Found  in  the  Seroentine 
river.  (Figs.  10, 11  exhibit  the  jaws  of 
the  female  detached.) 

A.  Sieboldii (Notommata  Sieholdii,  Lev- 
dig)  (xxxvii.  27-32).— Females  closely 
resemble  those  of  Leydig's  N.  Anglica, 
but  the  males  differ"  widely.  Female 
campanulate,  no  foot  ;  anterior  extre- 
mity widened ;  ciliary  wTcath  inter- 
rupted by  a  fissure  at  'the  mouth,  into 
which  the  fine  cilia  descend ;  two  large 
lobes  (.32  (f)  on  the  rotary  organ,  crowded 
by  setaj,  with  two  similar  .smaller  ones  ; 
between  these,  on  each  side,  is  a  fossa, 
with  long  motionless  setaj.  Mouth  open- 
ing into  an  angular  maxillary  bulb. 
Jaws  (xxxvii.  31)  with  one  furcate  piece 
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hooked  at  the  end ;  on  the  inside  is  an 
acnleate  process  and  a  ridge  to  which 
strono-  striated  muscles,  working  the 
iaws,  are  attached.    (Esophagus  long, 
its  lower   end  highly  muscular;  two 
spherical  glands  open  into  the  round 
yellowish-brown  stomach  (32  b)  ;  intes- 
tine absent.    Walls  of  the  contractile 
vesicle   (32  e),  which  open  into  the 
cloaca,  with  a  muscular  network.  Two 
water-vascular  canals  on  each  side,  one 
with  granular  walls,  the  other  wider  and 
with  about  fifty  tags  (31  &  32).  Cere- 
bral ganglion  laid  across  the  maxillary 
bidb,  with  a  dark-red  or  black  speck 

above  and  behmd  it  in  the  median 

line.  Cells  of  the  ganglion,  according 

to  Leydig,  fusiform,  and  prolonged  mto 

nervous  cords.  A  nerve  is  said  to  pro- 
ceed from  each  side  to  the  setigerous 

fossa  of  the  rotary  organ,  where  it  swells 

out  like  a  ganglion ;  another  nei-ve,  from 

its  posterior  surface,  divides  to  supply  the 

smaller  eminences  on  the  rotary  organ ; 

and  another  pair  from  the  same  sm-- 

face  supply  the  smaller  eminences :  but 

we  think  these  supposed  nerves  require 

re-examination.  Ovary  horseshoe-shaped 

(32  c).  Male  and  female  young  never  si- 
multaneously generated  within  the  same 

Genus  TAPHBOCAMPA  (Gosse).— Rotaiy  organ  wanting,  body  fasifonn, 
annulose;  tail  forked;  gizzard  oval;  mallei  incurved,  shorter  than  the  incus, 
which  is  also  incurved. 


parent.    Winter  eggs  (xxxvii.  27,  28) 
spherical,  usually  one  or  two,  never  more 
than  three ;  yelk  yellowish-red,  invested 
by  a  thin  membrane,  which  in  tuni  i.s 
surrounded  by  a  thick  gi-anular  tuber- 
culated  shell,  the  latter  rendered  pale 
by  potash,  which  partly  obliterates  the 
tubercles.  On  keepino;  specimens  in  pm-e 
water  without  nourishment,  all  the  eggs 
deposited  were  winter  ova.   Males  differ 
in  figure  (fig.  29)  from  females :  clavate, 
with  four  conical  arms ;  the  two  anterior 
ones  (29  «)  the  smallest.   When  swim- 
ming, which  it  does  on  its  back,  these 
arms  are  shortened.    Rotary,  muscular, 
and  nei"vous  structures  as  in  the  females. 
Pyrifomi  testicle  (29  c)  next  the  con- 
ti'actile  sac,  filled  with  spermatozoa, 
amongst  which  are  round  vesicles,  nu- 
cleated fusiform  bodies  (30  b,  c),  curved, 
nucleated,  siclde-shaped  objects  (30  a), 
and  stiff,  sharply-defined  rod-like  bodies 
(30  f  ).    Duct  on  the  abdominal  sm-face 
at  the  end  of  the  body,  and  surrounded 
by  what  look  like  accessory  glands. 
Alimentary  canal  absent ;  the  rudimen- 
tary digestive  organs  represented  by  an 
in-egular  heap  of  cells  behind  the  pos- 
terior anus.    Y  oimg  males  born  alive. 


It  seems  to  connect  the  genus  Clicsto- 
notus  with  the  Hydatinaean  genera  No- 
tommata  and  Furcularia ;  for  it  has  the 
jaws  of  these  larvifonn  Rotifera,  and 
the  glandular  occipital  mass  found  in 
some  of  them,  with  the  form,  simple 
digestive  canal,  and  manners  of  Cliceto- 
notus.    Found  at  Leamuigton. 


T APHBOCAMPA  mmulosa.  —  Occipital 
mass  opaque,  white;  alimentary  canal 
simple,  wide,  cylindrical ;  pomts  oi  tail 

short,  conical.    l-HO/  .•,     n-  j  j.  at 
This  species  is  evidently  allied  to  M. 
Duiardin's  Lindia  torulosa,  but  differs 
from  it  in  the  structm-e  of  the  dental 
apparatus,  and  of  the  digestive  canal. 

We  will  append  here  two  genera  of  the  famUy  Fm-culariens  of  Dujardin, 
Vn^  ^+  rStSalist  has  created  either  to  embrace  new  species  or  to  dispose 

wHch  Dujardin  cannot  i-^ude  wi^^^^^^^^^^^ 
nf  his  eenera.  Likewise,  before  commencing  with  the  next  family  (EiicMa- 
^d^ta  of Xenberg),  we  shaU  take  the  opportunity  o  detad  the  chai-actei-s 
S  a  family  discovered  and  named  by  Dujardin,  viz.  Albertiens. 

n  PT  AGIOGNATHA  (Dui.).— Body  oblong,  curved  and  convex  on 
onS  ll^t^^^i  l^^^--^  obVquely  tnmcate  in  front ;  tei-mrnated  pos- 
r-nr.  V  bv  a  more  or  less  distinct  tail,  bearing  two  styles.  Jaws  with  pai-aUel 
tenorly  by  a  recurved  towai-ds  the  cihated  margin  with 

branches timiedt^^^^^^^  very  long  and  enlarged  at  its  base;  eye- 

a  straight  centrd         ^  {^^-^  I  ,  ,f  Furculaxiens.  . 

specks  one  or         .  ^ /J.^ed  figiu-e,  with  a  characteristic  form  of  .iaw.s 

tn  his  genera  Noto,n.a.,  Di.Una,  and 
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Distemma,  according  to  the  number  and  disposition  of  their  red  points,  and 
without  consideration  of  the  characters  we  employ. 


Plagiognatha  Felis.  —  The  species 
we  regard  as  the  tj'pe  of  this  genus  is 
the  P.  Felis,  called  'by  Miiller  Vorticella 
Felis,  but  not  answerable  to  the  Notam- 
mata  Felis  of  Ehrenberg.  Its  two  styles 
are  one-foiu'th  of  its  entire  length,  and 
are  curved  backwards ;  the  back  is  con- 
vex, abruptly  trimcate  behind.  1-118". 

Pl.  lacinitlata  has  been  classed  by 
Ehrenberg  among  the  Notommata.  A 
variety  of  this  species  with  two  eye- 
specks  may  be  refeiTed  to  the  Distemma 
setigera  (Ehr.). 


One  must  also  regard  as  distinct  spe- 
cies oi  Plagiognatha  the  Notomtnata  Tigris 
and  the  Diglena  catellma  of  Ehrenberg. 
The  Diglena  lacustris  of  the  same  author 
also  corresponds  in  form  j  but  its  jaws 
are  not  sufficiently  described  to  deter- 
mine its  position ;  whilst  his  Notoinmata 
hyptopus,  represented  with  one-toothed 
jaws,  analogous  to  those  of  om*  Furcu- 
laria,  appears  the  same  as  a  Systolide 
known  to  us,  evidently  possessing  the 
jaws  of  a  Flagiognatha. 


Genus  LINDIA  (Duj.)  (XXXIX.  1-3).— Body  oblong,  almost  vei-miculax, 
articulated  by  means  of  shallow  transverse  folds,  rounded  in  front ;  protrudes, 
when  swimming,  two  small  clavate  organs  (3ji),  clothed  with  radiating  cilia 
at  their  extremities,  and  fonning  a  retractile  rotary  organ  on  each  side. 
Jaws  (fig.  2)  composed  of  three  pincer-like  teeth.  Eye-speck  single,  in  front 
of  a  blackish  calcareous  (?)  sac.  Two  short  conical  toes  at  the  posterior 
extremity. 


LiNDiA  tondosa  (Duj.).  —  Body  red- 
dish. Length  1-6"',  Perty;  1-7"',  Du- 
jardin  ;  1-8"',  Cohn.  Cohn,  whose 
amended  characters  of  the  genus  we 
have  given  above,  thinks  that  Notom- 
mata  roseola  may  be  identical  with  this 
species :  the  latter  differs  from  Nbtotn- 
mata  tardigrada,  which  it  much  re- 
sembles, in  the  presence  of  the  club-like 


rotary  organ.  Om*  author  also  contends, 
in  opposition  to  Dujardin,  that  the  ceso- 
phag-us  is  ciliated.  It  is  not,  however, 
quite  certain  that  they  refer  to  the  same 
animal.  It  is  distinct  fr-om  Notoinmata 
verinicularis,  which  it  resembles.  Cohn 
thinks  the  genus  Lindia  shoidd  be  located 
amongst  Philodinsea. 


FAMILY  OF  THE  ALBEETINA  (ALBEETIENS). 

Body  cylindrical,  vermiform,  round  in  front,  with  an  oblique  opening,  from 
which  a  ciliated  organ  protrudes  itself,  almost  larger  than  the  body ;  termi- 
nated posteriorly  by  a  short  conical  tail.  Jaws  in  the  form  of  hooks,  simple, 
or  with  one  tooth  each. 

This  family  comprises  but  one  genus,  and  one  species,  ATbertia  vermicularis 
(XXXYIII.  35,  36),  which  is  found  parasitic  in  the  intestine  of  Lumbnci 
and  snails.    1-79"  to  1-47"- 

The  ova  with  their  embryos  are  seen  in  its  interior,  in  various  atages  of 
development. 

The  ciliated  apparatus,  in  advance  of  the  mouth,  is  surrounded  by  an 
appendage  in  the  shape  of  a  spur  (calcar). 


FAMILY  VI.— ErCHLANIDOTA. 

This  family  comprehends  such  Rotatoria  as  have  a  compound,  rotary  organ 
with  more  than  two  subdivisions,  and  whose  bodies  are  enclosed  in  a  hardened 
lonca.  The  latter  is  very  variable  in  form.  Ehrenberg  has  remarked  that  it 
sometimes  resembles  the  hard  carapaces  of  tortoises,  at  others  the  shells  of 
crabs.  In  the  former  case  the  lorica  is  open  at  the  extremities  ;  and  in  the 
latter,  Ehrenberg  supposed  it  to  be  open  inferiorly  in  EucManis ;  but  this  is 
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denied  by  Cohn,  whoso  testimony  is  to  be  relied  upon.    The  animal  contained 
within  this  lorica  i^rescnts  the  typical  features  of  the  Eotatorian  class,  just  as 
some  minute  Crustaceans  (Entomostraca),  though  enclosed  between  bivalved 
cases  retaia  the  internal  "organization  of  their  more  conspicuous  and  shel- 
less  allies.     The  Euchlanidota  are  provided  with  the  various  Rotatonan 
appendages— these  exist  as  set£E,  uncini,  spui's,  or  tactile  organs ;  and  all  are 
provided  with  the  characteristic  tail  or  foot  terminating  in  one  or  two  digits, 
this  organ  being  largely  employed  in  locomotion,  either  as  a  rudder  or  as  an 
anchor.    The  hardened  tegument  forming  the  lorica  is  variously  prolonged 
into  spines  and  other  appendages.    Sometimes  these  are  most  developed 
anteriorly,  at  others  posteriorly,  whHst  in  Stejjhanops  a  broad  expansion  ot 
the  front  of  the  lorica  is  developed  into  a  curious  crystalline  hood.    The  sur- 
faces of  the  lorica  likewise  are  variously  sculptui-ed  and  ornamented.  _ 

The  eye-speck,  to  which  Ehrenberg  has  attached  such  importance  m  his 
subdivision  of  this  famUy,  possesses,  as  Dujardiu  has  pointed  out,  less  value 
as  a  basis  of  classification  than  the  Prussian  observer  supposed;  but  il  the 
observations  of  Leydig  prove  coiTcct,  the  organ  acqiures  additional  mterest 
from  the  discovery  of  a  refracting  body  in  the  eyes  of  Euclilams  imisetcita^n& 
Steplmnops  lamellaris.    Should  these  observations  be  con&med,  they  will  do 
much  to  remove  all  doubt  respecting  the  visual  character  of  these  organs,— 
doubts  which  are  natui-aHy  suggested  by  the  improbability  of  visual  organs 
beino-  given  to  the  embiyo  encased  in  the  egg,  whilst  the  matui-ed,  active, 
bustUng  animalcule  becomes  deprived  of  them  when  its  Hfe  seems  to  render 
their  presence  most  necessary.   The  exact  native  of  the  internal  organizataon 
of  most  of  the  Euchlanidota  is  yet  uncertain,  and  requires  farther  study; 
but  each  form,  when  minutely  examined,  is  foimd  to  approximate  more  closely 
to  the  Eotatorian  type.  Thus,  whHst  all  are  provided  with  a  muscular  system 
Cohn  has  demonstrated  that  in  IhManis  the  fibres  are  of  the  striped  or 
voluntary  type.    The  same  observer  has  also  shown  that  hucMw>us  dilatata 
is  bisexifal,  the  males  resembling  those  of  Hyclatma  aniAsplmchna  m  bemg 
Sisiipphed  with  an  aUmentary  canal.    These  are  approxunations  towards  a 
™rreduction  of  the  whole  class  to  a  common  type  of  organization  of  a 
S  r  character  than  was  formerly  thought  to  exist  -^^-Sst^o^^r.^^^ 
at  the  same  time  very  different  to  what  was  ongmaUy  attnbuted  to  them  by 
Ehienber7  The  genus  Lepadella  developes  itself  occasionally  in  such  myriads, 
in  stagnant  water,  as  to  give  a  whitish  tui-bidity  to  it.  "Duiai-diii 
Eh^enberg's  arrangement  of  the  genera  is  given  at  p.  4^8.  Uujaidm 
includes  most  of  the  genera  in  his  family  Brachioniens. 

Genus  LEPADELLA  (XXXIV.  430-433)  -Eyes  absent;  ^ot  fm-cat^' 

Several  trochal  muscles  a.e  seen,  and  footones  m  JPf f;,,  J^L  '«  in 
the  (esophageal  head  are  single-toothed  m  i.  ovahs  '^f  ; 5"  «  f 
L.  SalpL  triple-toothed.  The  cBSophagus  is  very  short  m  aU  «hmen 
tarv  canal  below  is  constricted,  except  m  L.  Scdpnia,  m  which  it  ^^  ^"^f^- 
The  ovaiy  is  globular  in  all;  in  L.  Scdpina  probably  a  cerebral  ganglion  (iio 
lye)  exSs.  L.  ovalis  is  sometimes  developed  in  myriads  in  fS^-^^f^^^^^ 
DtSrdin  has  the  foUo^ing  criticisms  on  the  genus  Lepadella  =- J^f^S 
to  dXe  his  generic  characters  too  exclusively  from  the  eye-specks,  Ehien- 
W  his  separa^^^    aU  those  having  such  specks  into  several  genera  ;  const  - 
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Patella  with  or  without  red  dots ;  so  also  the  Metopidia  Lepadella  and  SqvM- 
melJa  bractea  are  the  same,  and  what  we  name  Lej)adella  rotundata.  More- 
over the  Squamella  ohlonga  and  Metopidia  acuminata  are  two  distinct  species 
of  Lepadella." 


L.  emarginata  (BracMonus  Spatella  et 
ovalis,  M.).  —  Lorica  depressed,  oval, 
broad  anteriorly,  extremities  emargi- 
nate.  Amongst  Confei-vse.  Length, 
without  foot,  1-576". 

L.  (?)  Salpina.  —  Lorica  oblong,  pris- 
matic, obtusely  triangular,  back  crested, 
denticulated.  Amongst  Confervse.  Length 
of  lorica  1-200". 


Lepadella  ovalis  (Brachiomis  ovalis, 
M.). — ;Lorica  depressed,  oval,  not  emar- 
giuate,  attenuated  anteriorly,  the  ends 
ti-uncated.  The  alimentary  canal  of  this 
animalcide  is  generally  filled  with  a  yel- 
lowish substance,  except  when  it  feeds 
upon  colom-less  Monads,  (xxxrv.  430,  a 
back  view ;  431,  a  side  (right)  view  of  a 
yoimg  specimen ;  432,  the  lorica ;  433,  the 
oesophageal  head.)  1-240". 

Genus  DIPLAX  (Gosse).— Eesembles  Salpina ;  but  the  eye  is  wanting, 
and  the  lorica  (which,  as  in  that  genus,  is  cleft  down  the  back)  is  destitute 
of  spines  both  in  front  and  rear ;  foot  and  toes  long  and  slender.  It  forms  a 
connecting  Unk  between  Salpina  and  Dinocharis.  The  name,  signifying 
double,  alludes  to  the  gaping  lorica,  which  forms  two  parallel  plates. 

In  accordance  with  the  tabular  disposition  of  the  family,  this  genus  follows 
next  after  Lepadella. 


DrpLAX  compressa. — Foi-m  of  lorica 
(■viewed  laterally)  nearly  a  parallelo- 
gram, greatly  compressed.  Lorica  1-176". 

D.  triffona. — ^Lorica  three-sided,  a  sec- 


tion forming  a  nearly  equilateral  triangle, 
surface  delicately  pimctm-ed  or  stippled ; 
toes  long  and  slender.  Lorica  1-160". 
Leaming-ton. 


Genus  MONOSTYLA  (XXXIV.  434-437).  — Eye  single,  cervical;  foot 
simple,  styliform ;  lorica  (testida)  depressed,  ovate.  Numerous  muscles  have 
been  noted  in  two  species — the  oesophageal  head  has  four  muscles ;  in  one 
species  the  jaws  are  single-toothed,  in  the  other  two-toothed.  (Esophagus 
very  short ;  stomach  constricted  (Gasterodela),  with  two  glands.  The  ovary 
is  globular ;  an  ovum,  with  the  vesicle  of  the  germ  within  it,  was  seen  in  two 
species.  No  male  organs,  vessels,  or  respiratory  tubes,  are  seen.  Owing  to 
the  almost  constant  vibration  of  the  foot-Kke  tail,  it  is  difficiilt  to  observe  the 
true  foi-m  of  its  termination,  the  motion  producing  an  optical  deception ; 
hence  it  appears  double,  though  in  reality  it  is  single. 

MoNOSTYiiA  cornuta  (Trichoda  cor- 
niita,  M.).  —  Lorica  hyaline,  unarmed, 
and  ti'uncated  anteriorly.  Amongst 
Oharce  and  Confeiwse.  1-250". 

M.  quadridentata.  —  Lorica  yellowish, 
anteriorly  deeply  dentated,  resembling 
fom'  horns.  It  is  generally  of  a  yellow 
leather  colour,  but  Ehrenberg  has  seen 
it  colom-less.  (xxxrv.  434  &  435,  ventral 
aspect;  in  the  latter  the  animal  is  ex- 


tended beyond  its  lorica,  which  happens 
when  thtf  rotary  cilia  are  in  motion. 
Fig.  436,  a  side  view;  437,  the  jaws 
and  teeth  separated.)  Li  floccose  matter 


about  ConfervfB  and  the  leaves  of  water- 
plants.  1-120". 

M.  (?)  lunaris. — Lorica  hyaline,  flex- 
ible, admitting  the  retraction  of  the 
head,  anteriorly  crescent-shaped.  1-144". 
Colom-  grey,  usually  so  dark  that  no 
internal  organs  are  distinguishable.  Eyes 
red  ;  jaws  large,  two-toothed;  eggs  few. 

M.  Bulla  (Gosse).  —  Body  ovate,  in- 
flated, the  back  very  gibbous;  lorica 
plicated  on  each  side,  with  a  deep  fiu-- 
row ;  the  occipital  and  mental  deeply 
incised.  Colour  yellowish-brovra.  Length 
of  lorica  1-175". 


_  Genus  MASTIGOCEECA  (XXXIV.  438-440).— Dujardin  and  Pferty  be- 
lieve this  to  be  identical  with  Motwcerca. 

^  Genus  EUCHLANIS  (XXXIV. 441-44G ;  XXXVIII.  5,18 ;  XXXIX.  4, 5, 
7).— Lorica  resembling  a  tortoise-shell ;  according  to  Cohn  not  slit  infeiiorly, 
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as  described  by  Ehrenberg.  Dorsal  and  ventral  plates  united  along  the  sides, 
forming  an  acute  ridge,  leaving  a  fissure,  posteriorly,  for  the  foot.  Dorsal  plate 
the  largest.  Frontal  portion  of  the  animal  retractile  within  the  lorica  ;  deeply 
cleft  on  its  ventral  aspect,  with  the  oral  orifice  at  the  bottom  of  the  cleft. 
Expanded  anteriorly  into  lappets  supporting  hooked  bristles.  On  either  side 
is  a  conical  process  terminated  by  a  long  stiff  seta.  QEsophagus  capacious ; 
jaws  resembling  those  of  Hydatina  and  Brachionus.  Stomach  thick  and 
rounded,  with  two  small  spherical  glands.  Intestine  pyriform,  ending  in  a 
cloaca  at  the  posterior  border  of  the  ventral  plate  ;  both  ciliated.  Contractile 
vesicle  opening  into  the  cloaca,  sending  up  on  each  side  a  coiled  water-vessel 
Avith  about  four  vibratile  tags.  Longitudinal  muscles  strong,  striated.  _  A  large 
trapezoid  cellulo-granular  organ  in  the  head,  with  a  red  speck  near  its  fi-ont 
extremity,  and  on  each  side  a  long,  finely  granular  saccular  appendage.  Tail 
with  three  telescope  segments,  ending  in  two  long  knife-like  toes. 

Dujardin  does  not  admit  the  genus  Monostyla,  but  places  its  three  species 
in  the  present  one — Euclilcmis. 

says  Elu-enberg,  "  I  saw  the  di\ision  of 
the  lorica  along  the  venti-al  surface." 
Each  jaw  has  five  teeth ;  and  there  are 
two  soft  maxillai-y  appendages,  each  with 
two  teeth.  Amongst  Confei-vse  in  clear 
water.  Length,  without  foot,  1-96". 
Pei-ty  states  that  the  stomach  and  in- 
testines are  sometimes  red. 

E.  dilatata  (JBracJiionus,  M.). — Lorica 
broad,  depressed,  folded  on  the  imder 
side ;  foot  without  setae ;  toes  long. 
This  animalcule,  when  it  emerges  fi-om 
the  egg,  has  a  veiy  soft  lorica,  and  re- 
sembles Notommata.  Cohn  states  that 
the  males  of  E.  dilatata  are  like  the 
female,  only  smaller  and  more  slender, 
as  well  as  more  ti-ansparent  fi-om  the 
absence  of  mouth,  oesophageal  bidb,  and 
intestine.  The  testis  of  the  male  occupies 
the  centee  of  the  body,  and  is  a  laucet- 
like  elongated  sac  (xxxix.  5  /(),  extend- 
ino'  from  the  cloaca  to  the  cerebral 
ganglion,  and  filled  with  rod-like  sper- 
matozoa. At  its  posterior  extremity  it 
is  in  connexion  with  a  reuiform  body 
sun-oimding  and  openuig  into  the  penis. 
The  latter  has  a  thick  wall  and  a  ciliated 
canal  protruding  as  far  as  the  first  seg- 
ment of  the  tail  (ppc).  Length  of 
lorica  1-8"'  to  1-20"'  (figs.  4,  5,  7).  _ 

E.  Lynceus.  —  Lorica  ovate,  turgid, 
deeply  fluted ;  two  little  horns  project 
anteriorly,  (xxxiv.  445,  a  back  view ; 
and  446,  a  side  view)  ;  the  lorica  is  open 
along  the  middle  of  the  under  side. 
Length  of  lorica  1-216". 

E.  dcflexa  (Gosse).— Body  semioval ; 
ventral  siu-fnce  of  the  lorica  divided  lou- 
gitudinallv,  and  the  edges  of  the  fissure 
bent  out  at  right  angles ;  foot  fiiriiished 
with  two  pairs  of  bristles ;  toes  spindle- 
shaped.    Lorica  1-80". 

E.  ;j(/;7/o/-»!(s.— Oiithne  (viewed  dor- 


EtrcHLA]sris(?)  triquetra  (xxxvni.  5  a). 
— Lorica  very  large,  trilateral,  with  & 
dorsal  crest ;  setee  on  foot,  none.  This 
species  is  very  diaphanous ;  and  "  there- 
fore," remarks  Ehrenberg,  "  I  was  never 
able  to  see  the  line  of  division  on  the 
ventral  surface  of  the  lorica.  The  rela- 
tionship of  the  fibres  of  the  lateral 
muscles  is  physiologically  and  anatomi- 
cally interesting :  they  form  three  bun- 
dles, on  each  side,  and  show  as  distinct 
corrugations  as  do  the  muscles  of  larger 
animals."  (xxxiv. 443,  afore-shortened 
•view ;  442,  a  left  side  -saew,  showing 
the  dorsal  crest  of  the  lorica:  at  the 
base  of  the  foot  an  external  empty  fold 
of  the  skin  is  visible.  Fig.  441,  the  ven- 
tral surface,  showing  an  opening  for  the 
foot,  but  no  division  of  the  lorica ; 
444,  the  teeth  and  jaws  separated.)  In 
turf-pools.  Length  1-48";  ovum  1-192". 
(xxxvni.  5.) 

E.  (?)  Hornemanni.  —  Lorica  thin, 
short,  cup-shaped,  trimcate  in  front,  the 
anterior  part  of  the  body  soft  (pliant) 
and  elongated.  This  creature  appears 
able  to  di'aw  mthin  the  lorica  both 
foot  and  head.  Sometimes  longitudinal 
muscles  are  apparent.   1-432"  to  1-240". 

E.  Luna  (Cercaria  Lima,  M.). — Lorica 
cup-shaped,  the  front  excised  m  a  lunate 
manner,  toes  with  claws._  The  single- 
toothed  jaw,  the  constriction  of  the  ali- 
mentary canal,  and  the  claws  distinguish 
it  from  the  other  species.  Amongst 
Ceratoiihylkm  and  Conferva3.  1-144". 
Accordino-  to  Perty,  specimens  occm-  of 
a  rosy  recfcolom-.  _ 

E.  ?nacri«-«.— Lonca  large,  ovate,  de- 
pressed ;  bristles  at  the  base  of  the  foot ; 
toes  long,  styliform.  This  species  is  cli- 
Sausred'from  the  follownig  one  bv 
its  6"trouger  and  longer  toes.  Lately, 


OF  THE  EUCHLANIDOTA. 


697 


sallv)  nearly  oval,  with  a  slight  con- 
striction in  the  middle;  lorica  divided 
lougitudinallv  along  the  ventral  surface, 
the  gape  wideuing  anteriorly;  toes  pa- 
rallel, edged ;  eye  minute.  Lorica  1-62". 

E.  Hipposideros. — Nearly  oval  in  out- 
line ;  the  ventral  side  flat ;  the  dorsal 
greatly  arched,  and  ridged  down  the 
middle;  lorica  fomred  of  two  distinct 
plates ;  the  dorsal  plate  enveloping  the 
back  and  half  down  the  sides ;  the  ven- 
tral separated  from  it  by  a  wide  space, 
and  hollowed  in  the  middle,  so  as  to 
present  the  figure  of  a  narrow  horseshoe, 
whose  points  are  forwards;  foot  armed 
with  one  pair-  of  bristles.  Lorica  1-110". 

E.  emarginata  (Eichwald).  — Distin- 
guished from  J3.  Luna  by  a  projection  at 
the  end  of  each  tail-flap. 


E.  hicarinata  (Perty).  —  Body  elon- 
gated. Dorsum  of  lorica  with  two 
parallel  keels,  rounded  behind.  Tail 
long,  with  two  terminal  pincers;  body 
wide  in  the  middle,  contracted  towards 
each  end.  Middle  joint  of  the  tail  very 
long ;  toe-segment  very  short.  Eye 
blackish-red.  It  is  allied  to  E.  Weissii 
of  Eichwald,  but  distmguished  by  its 
long  figm-e  and  long  setae  of  tail.  1-6"'. 
Perty  believes  that  this  species  connects 
Euchlanis  vsdth  Salpina.  Leydig  regards 
it  as  a  Salpina. 

E.  unisetata  (Leydig.) — Size  of  E.  di- 
Jatata.  It  has  a  single  long  bristle  located 
on  the  dorsal  sm-face  of  the  foot-articu- 
lation ;  and,  according  to  Leydig,  the  eye 
has  a  refracting  lens  (xxxviu.  18). 


Genus  SALPHSTA (XXXIV.  447-453).— Eye  single,  cervical;  footfui-eate ; 
lorica  prismatic,  with  bulging  sides,  closed  below,  and  terminated  by  spine- 
like  processes  or  teeth.  "  The  lorica,"  says  Ekrenberg,  "  resembles  a  three- 
sided  little  casket,  mth  arched  sides,  flat  below,  and  having,  anteriorly  and 
posteriorly,  at  the  truncated  extremities,  little  points."  The  animalcule  can 
entirely  withdi'aw  itself  withia  the  lorica.  All  the  species  have  an  elevated 
ridge  upon  the  back,  which  in  some  appears  to  be  double.  A  compound 
rotary  organ,  two  short  anterior  lateral,  and  two  foot  muscles  are  seen  in 
S,  mucronata.  An  oesophageal  head,  with  three-  or  foui'-toothed  jaws,  a 
short  oesophagus,  and  a  simple  conical  alimentary  canal  exist  in  aU  the 
species ;  in  five  the  conical  intestine  has  two  spherical  glands.  The  ovary 
is  distinct.  A  spur  or  tube  is  observed  at  the  neck  in  tkree  species ;  the  red 
eye  in  connexion  with  a  cerebral  ganglion  is  always  present.  They  do  not 
increase  in  large  masses. 


Salpina  mucronata  {Brachionm  mii- 
cronatus,  M.). — Lorica  veiy  minutely  sca- 
brous, anteriorly  with  fom-,  and  poste- 
riorly with  three  horns,  generally  straight 
and  of  equal  length.  The  lorica,  when 
the  creature  is  young,  is  soft  and  bent, 
but  soon  hardens,  and  produces  horns. 
The  spm-,  or  tactile  tube,  in  the  neck, 
terminates  in  a  little  bristle,  as  seen  in 
XXXIV.  450.  In  some  specimens,  Ehr- 
enberg  says,  the  lorica  appears  as  if 
punctate  or  stippled.  (447,  448,  fiill- 
grown  specimens,  with  the  head  with- 
drawn ;  the  latter  figure  is  a  back  view, 
the  former  an  under  one ;  449,  a  side 
view,  head  extended;  451,  an  egg  just 
deposited  on  Leinna ;  452,  an  egg  with 
the  young  vibrating  ;  450,  the  young 
one  just  escaped  fi-om  the  shell;  453, 
the  teeth  separately.)  Length  of  lorica 
1-144". 

S.  .s/«««/7e)-rt.— Lorica  with  four  frontal 
and  three  posterior  liorns ;  the  posterior 
dorsal  one  longest,  and  a  little  reciu'ved. 


Among  Ceratophylla.  Length  of  lorica 
1-140"  (xxxvni.  23,  24). 

S.  ventralis.  —  Lorica  stippled,  homs 
two  in  front,  three  behind,  the  dorsal 
one  short  and  decurved.  According  to 
Pei-ty,  a  faint  lens  seen  in  the  eye. 
Amongst  Confei-vse,  &c.  1-120". 

S.  redunca. — Lorica  smooth,  horns  two 
in  fi-ont,  three  behind ;  two  of  the  latter 
(the  under  ones)  hooked,  the  dorsal  crest 
bifid  and  gaping ;  teeth  foiu-  to  each  jaw. 
Amongst  Confervas.  1-200". 

_  S.  brevispina. — Lorica  milky  and  tur- 
bid, but  appearing  bright;  scabrous, 
horns  two  (small)  in  front,  and  three 
behind,  short  dorsal  crest  not  gaping ; 
respiratory  tube  unknown.  Amongst 
Ceratophylla,  1-144". 

S.  hicarinata. — Lorica  smooth,  homs 
four  in  front,  three  behind,  short ;  neither 
lateral  muscles  nor  I'espiratory  tubes 
known.  1-216". 

S.  splniffcra,  S.  ventralis,  S.  redunca, 
and  »5>'.  bicarinaia  are  probably  slightly 
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variaUe  forms  of  one  and  the  same 
animal. 

S.  viuiica  (Party). — Lorica  toothless 
both  in  front  and  behind,  truncate  pos- 


teriorly with  obtiise  angles.  Transparent. 
Eye  red.  Tail-flaps  extend  to  the  root 
of  the  tail. 


Genus  DINOCHAEIS  (XXXIV.  454-456).  —  Eye  .single,  cervical;  foot 
furcate  ;  lorica  closed  below,  with  a  sharp  lateral  margin,  but  unarmed  at 
both  ends.  The  compound  rotary  organ  has  five  or  six  muscles,  and  in  two 
species  the  foot  two.  An  oesophageal  bulb,  Avith  single-toothed  jaws,  is  found, 
except  in  D.  tetractis,  which  Ehreuberg  thinks  has  four  teeth ;  oesophagus 
very  short,  alimentary  canal  constricted  ;  two  oval  glands  exist  in  D.  Pocillum 
and  D.  tetractis.  An  ovary  is  seen  in  all,  and  a  contractile  vesicle  at  the 
base  of  the  foot  ia  D.  Pocillum.  Traces  of  a  water-vascular  system  are 
perhaps  to  be  seen  in  D.  Pocillum,  though  even  here  it  is  doubtM,  for  the 
apparently  tremulous  organ  just  behind  the  oesophagus  may  be  only  a  tre- 
mulous condition  of  an  internal  fold  of  the  stomach.  The  only  evidences  of  a 
nervous  system  are  the  eye  and  the  long  ganglion  which  supports  it. 

homs  two,  at  the  base  of  the  foot ;  toes 
two.  This  species  has  longer  toes  than 
the  others ;  and  the  body  is  compai-atively 
shorter.  With  Lemnse  and  Ceratophylla. 
1-120". 

Ti.  pauper. — Lorica  acute,  triangular; 
horns  two,  at  the  base  of  the  the  foot, 


Dinochahis  PodUum  (Trichoda  Po- 
cillum, M.). — Lorica  nearly  cylindrical, 
with  a  slight  dorsal  ridge;  two  long 
spines  at  the  base  of  the  foot,  toes  three, 
(xxxiv.  454,  455  represent  this  creature 
in  different  positions ;  and  456  the  oeso- 
phageal bidb.)  Amongst  Ceratophylla, 
&c.  1-120". 

D.  tetractis. — ^Lorica  acute,  ti-iangidar ; 


scarcely  perceptible ;  toes  two,  shoi-t. 
1-120". 


Genus  MONUEA  (XXXIV.  457-459J.— Eyes  two,  frontal;  foot  simple, 
styliform.  The  lorica  is  somewhat  compressed  and  open  upon  the  ventral 
surface  :  anteriorly  is  a  hook-like  process,  which  can  be  withdrawn.  In  one 
species,  the  vibratile  organ  has  four  to  sis  muscular  bulbs;  in  both,  an 
oesophageal  bulb,  with  two-toothed  jaws,  a  very  short  oesophagus,  and  a 
simple  alimentary  canal  with  two  spherical  glands  are  observed;  an  ova- 
rium, Avith  a  single  large  ovum,  has  been  seen.  The  eyes  are  red,  moveable, 
and  seated  upon  nervous  masses.  The  species  are  not  only  difftcult  to  di- 
stinguish from  each  other,  but  also  from  the  genus  Golurus, — the  toes  of  the 
latter  appearing  single  until  presstu-e  is  used. 


MoNirRA  Colurus.  —  Lorica  oval,  ob- 
tuse, obliquely  truncated  posteriorly, 
eyes  near  to  each  other.  Lorica  1-280". 
Sibei"ian  specimens  1-400". 

M.  dulcis.  —  Lorica  ovate,  anteriorly 
acute,'  postei-iorly  obliquely  trimcate ; 


eyes  distant  from  each  other;  the  ali- 
mentary canal  is  often  filled  with  green 
matter.  They  increase  rapidly  in  glass 
vessels,  (xxxiv.  457-459  represent  three 
views  of  this  animal.)  Amongst  Con- 
fei-vffi.    Length  of  lonca  1-288". 


The  two  species  of  Monura  are  referred  by  Dujardin  to  Colurus,  or,  to 
adopt  Ms  appellation,  to  Colurella. 

Genus  COLUBUS  (XXXIV.  460-462).— They  have  two  frontal  eyes,  a 
furcate  foot,  and  a  compressed  or  cylindrical  lorica.  The  lorica  is  said  to  be 
open  upon  the  under  side  {scutellum)  ;  a  compormd  rotary  organ  is  present  in 
all  over  which  projects  a  retractile  frontal  hook ;  an  oesophageal  bulb  with 
two  jaws,  in  two  species  with  tAvo  or  thi-ec  teeth  ;  the  oesophagus  very  short ; 
two  species  have  a  constricted  stomach  (Gasterodela),  the  others  have  a  simple 
alimentary  canal  (Coelogastrica),  all  with  glands.  The  two  red  frontal  eyes 
are  deHcate ;  in  C.  imcinatus  and  C.  bicus2mlatus  they  have  escaped  observa- 
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tion ;  aU  have  peciiHur  vesicles  at  the  back.  They  resemble  Monura. 
furcate. 


Foot 


CoLUBUS  (?)  uncinatus  (JBracJiiomis 
tincinatus,  M/)-  —  Lorica  ovate,  com- 
pressed; posterior  and  bi-poiuted  toes, 
very  short ;  at  tlie  middle  of  the  back  is 
generally  a  circlet  of  vesicles,  which  at 
one  time  Elirenberg  considered  eyes,  but 
which  he  now  regards  as  vesicles  of  oil, 
as  they  are  seen  in  all  the  species,  and 
abundantly  in  the  Cyclopida.  In  fresh 
and  sea  water.   1-430"  to  1-288". 

C.  (?)  bicuspidatus.  —  Lorica  ovate, 
compressed ;  the  two  points  posterior, 
sti'oug ;  toes  short.  1-288". 


C.  caudatus.  —  Lorica  ovate,  com- 
pressed, posterior  points  distinct;  toes 
longer  than  the  foot.  The  shell  re- 
sembles C.  uncinatus,  but  the  toes  are 
much  longer.  In  fresh  and  sea  water. 
Lorica  1-288". 

C.  deflexus. — Lorica  ovate,  compressed ; 
the  shell  is  more  roimded,  and  very 
ti-ansparent.  (xxxiv.  460-462  represent 
back,  imder,  and  side  views  ;  the  fomier 
shows  the  vesicles.)  In  the  clear  water 
of  a  peaty  moor.  1-240". 


Genus  METOPIDIA  (XXXIV.  463-465).— Eyes  two,  frontal ;  foot  fm-- 
cate ;  lorica  depressed  or  prismatic ;  the  frontal  portion  naked  or  uncinate, 
not  provided  with  a  hood ;  indeed  they  may  be  regarded  as  Le'paddlai  with 
two  red  frontal  eyes  ;  the  lorica,  which  is  oval  and  semicii'cnlar  or  crescentic 
in  fi'ont,  appears  to  be  closed  on  the  imder  side  {testida).  In  two  species  the 
rotary  organ  has  from  three  to  four  muscles ;  and  in  one  species  two  foot 
muscles  are  observed.  Two  species  have  a  frontal  hook,  like  Colwrus.  The 
oesophageal  bulb  in  one  species  has  two,  in  another  foui',  but  in  the  third  no 
distinct  teeth ;  a  short  oesophagus  and  two  spherical  glands  are  present  in 
aU.  Two  species  have  a  distinct  constricted  stomach  (Gasterodela).  An  ovary 
is  present ;  and  M.  triptera  has  a  contractile  vesicle.  Eye,  according  to  Leydig, 
with  a  lens. 

]VlETOPrDiA  Lepadella.  —  Lorica  de- 
pressed, nearly  flat,  broadly  ovate,  ex- 
cised in  a  lunate  manner  in  front, 
rounded  posteriorly ;  toes  somewhat 
longer  than  foot.  This  species  resembles 
in  form  Lepadella  ovalis  (xxxrv.  430- 
433)  and  Squamella  Bractea ;  but  the 
former  has  two-toothed  jaws  and  no 
eyes ;  the  latter,  fom*  eyes  and  indi- 
stinctly-toothed jaws,  (xxxrv.  463-465, 
back,  under,  and  side  ^news,  the  first 
and  last  having  the  rotary  organs  ex- 
tended and  in  motion/)  1-240". 

M.  acuminata.  —  Lorica  depressed, 
nearly  flat,  oval  in  shape  ;  anteriorly 
slightly  excised,  posteriorly  pointed. 
This  species  resembles  Colurus ;  but  in 
that  genus  the  eyes  are  very  close  to- 
gether, and  the  lorica  open  beneath. 


Amongst  Oscillatoriee.  1-240". 

M.  triptera. — Lorica  oval,  triangular, 
back  crested :  a  section  would  resemble 
xxxrv.  443.  Amongst  Confervse.  1-200". 

M.  solida  (Gosse). — Much  resembles 
M.  Lepadella,  but  is  considerably  larger ; 
lorica  cii'Cidar,  biilliantly  transparent ;  a 
slight  pimctation  surrounds  the  edge, 
lilie  that  on  a  coin.    Lorica  1-150". 

M.  oxysterna. — Resembles  M.  triptera, 
but  the  dorsayieel  is  much  higher  and 
thinner;  the  anterior  two-thfrds  of  the 
venfa-al  sm-face  form  a  prominent  ridge, 
terminating  abraptly  like  the  breast- 
bone of  a  bird ;  and  the  posterior  portion 
is  hollowed  out  remaiucably.  Viewed 
laterally,  the  outline  of  the  back  is  veiy 
gibbous  behind.    Lorica  1-175". 


Genus  STEPHANOPS  (XXXIV.  466,  467;  XL.  8-10).  — Eyes  two, 
fi'ontal ;  foot  furcate ;  lorica  depressed  or  prismatic,  the  front  expanding 
into  a  hood  or  transparent  shield.  The  lorica,  in  two  species,  has  thorn-Uko 
processes  posteriorly.  In  one  species  a  longitudinal  muscle  is  observed  on 
each  side  (anteriorly),  two  muscles  for  moving  the  foot,  and  from  three  to  five 
belonging  to  the  compound  rotaiy  organ.  The  oesophageal  bulb  has  single- 
toothed  jaws,  and  a  short  oesophagus.  In  one  species  the  alimentary  canal 
is  constricted,  in  the  others  it  is  simple ;  two  species  have  glands  ;  an  ovary 
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exists  in  all ;  a  contractile  vesicle  in  two.  The  red  eyes  are  situated  on  each 
side,  near  the  frontal  head  in  two  species  ;  in  one  they  are  yet  unknowii. 

The  hood  remains  extended,  even  when  the  creature  withdi-aws  within  its 
sheH  (XL.  8-10). 

Stephanops  lamcUaris  {Brachionus 
7ameZ/«>-«s,M.).— Lorica  with  three  spines 
posteriorly.  The  rapid  movement  and 
transparency  of  this  animalcide  renders 


hood  or  diadem.  This  hood  is  often 
much  larger  than  is  represented  in  Ehr- 
enberg's  figures.)  Amongst  Confervse. 
Length  of  lorica  about  1-.300". 

S.  (?)  muticus  (XL.  8-10).  —  Lorica 
imanned  posteriorly,  entire.  Two  eyes, 
red.  Head  and  tail  larger  in  proportion 
to  the  trunk  than  represented  by  ^hren- 
bei-g.  1-144". 

S.  cirratus  {Brachionus  cirratus,  SA..). 
—  Lorica  with  two  spines  posteriorly. 
This  species  has  a  contractde  vesicle. 
1-240". 


its  organization  difficult  to  observe.  A 
process  extends  upwards  from  the  oral 
opening  and  diverges  into  two  filamen- 
tous appendages.  Leydig  affirms  that  the 
eye  has  a  distinct  hemispherical  lens, 
and  that  the  alimentary  canal  is  divisible 
into  maxiUary  bulb,  stomach,  and  intes- 
tine. The  two  latter  cihated.  Also  a 
contractile  vesicle  present,  (xxxiv.  466, 
467,  diflPerent  -views  with  the  crystalline 

Genus  SQUAMELLA  (XXXIV.  468,  469).  — Eyes  four,  frontal;  foot 
furcate.  The  lorica  is  closed  {testula);  the  rotary  organ  consists  ot  hveor 
six  muscular  bulbs.  In  one  species  the  oesophageal  bulb  has  jaws,  with  two 
or  three  teeth  each;  its  tube  in  one  is  short,  in  the  other  long  and  bent 
Hke  the  letter  S.  Both  have  a  bipartite  intestine  (Gasterodela),  with  smaU 
glands ;  also  an  ovary  and  contractHe  vesicle.  The  eyes  ai-e  disposed  in  pairs 
on  each  side  the  brow. 


long  and  slender;  eyes  larger  than  m 
the  foregoing  species,  (xxxiv.  468,  469 
represent  back  and  side  views  of  this 
animalcule.)  In  gi-een-colom-ed  water, 
with  CMami/clomonasPulviscidtts.  Length 
of  lorica  1-280". 


SQUAMELLA^raciea  (Brachionus  Br  ac- 
ted, M.).  —  Lorica  depressed,  broadly 
ovate.  It  is  very  transparent ;  the  toes 
thick  and  short,  not  evident.  Length  of 
lorica  1-144". 

S.  oblonga.—'Loi'ica,  depressed,  either 
elliptical  or  ovato-oblong,  hyaline ;  toes  ! 

Genus  NOTOGONIA  (Perty).-Body  covered  by  a  lorica  wHch  dUates 
posteriorly ;  posterior  margin  occupied  by  two  pointed  processes  on  each 
S  ie  Sxorter  one  being  directed  backwards  and  the  larger  one  outwards. 
Two  eyes  widely  separated,  on  the  outer  margins  of  the  antenor  extremity 
faws  Lwed,  strong,  ^^ith  two  or  three  teeth.  Caudal  set^e  strong  and 
bristle-like. 


NoTOGONXA  Ehrenhergii.  —  Slightly 
ventricose,  grey.  Rotary  organ  com- 
posed of  a  single  row  of  cilia;  eyes  very 
small,  pale  red.    Length,  mcluduig  the 


tail,  1-14'".  Motions  rather  brisk,  re- 
senibling  those  of  Brachionus.  Amongst 
Gonfervte. 


FAMILY  VII.— PHILODIN.^A. 

This  famUv  comprehends  Rotatoria  devoid  of  lorica,  but  possessing  Uvo 
simnkrot^T  organs,  resembling  wheels.    The  body  of  most  species  is  worm- 
X  or  spiSle-!^^^^^   (fusiform).    Portions  of  the  body  can  be  t^imst  m 
and  out  n£  the  tubes  of  a  telescope  ;  this  is  eflPected  by  a  sort  of  joi n 
n^,  Ld  bv  a  neculiar  insertion  of  the  muscles.    In  all  the  species  the  foot  i^ 

I  IVf  ^rLnssPs  near  the  false  joints,  resembling  horns  m  shape,  as  in 
Thf  g^l'SS  are  seen  in  the  genera  just  named. 
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The  nutritive  apparatus  consists  of  an  cesopliageal  bulb,  with  two  jaws  ;  m 
thi-ee  of  Ehi-enberg's  genera  these  are  double-toothed  (Zygogomphia) ;  m  two 
the  teeth  ai-e  in  rows  (Lochogomphia).  In  the  four  principal  genera  the  ali- 
mentary canal  is  filiform  ;  it  is  fui-nished  with  a  bladder-like  expansion  at  its 
commencement  (Trachelocystea),  and  surrounded  by  a  tnrbid  cellular  or  glan- 
dular mass.  In  one  genus  the  aUmentaiy  canal  is  conical  (Coelogastrica),  in 
the  two  African  genera  its  character  is  unlmown.  In  foiu-  genera  the  intes- 
tine has  glands  ;  in  a  like  number  an  ovary  and  glands  are  present ;  a  con- 
tractile vesicle  exists  only  in  Rotifer  and  Pldloclina,  which,  together  with 
Actinunis,  are  also  sometimes  viviparous.  In  Rotifer  and  PhilocUna,  portions 
of  a  muscular  system  are  visible,  in  the  form  of  from  nine  to  twelve  trans- 
verse bands ;  the  same  genera,  as  also  Actinurus  and  Monolahis,  have  spiir- 
Kke  tactile  tubes.  In  thirteen  species  red  eyes  are  present;  and  beneath 
these  organs,  only  what  is  supposed  to  be  nervous  matter  is  apparent. 

Por  Ehrenberg's  arrangement  of  the  genera,  see  General  History,  p.  479. 

"The  chai-acters  employed,"  says  Dujardin,  "  by  M.  Ehi-enberg,  for  the 
distinction  of  his  genera  of  Philodinsea,  have  certainly  too  slight  a  constancy 
to  be  admitted ;  that  author  has  himself  seen  the  red  specks,  which  he  calls 
eyes,  vary  in  number  and  position  in  his  Rotifers.  As  to  the  appendages  of 
the  tail  (toes),  they  are  not  always  alike  visible,  although  actually  present, 
because  the  animal  does  not  extend  them  except  at  certain  moments ;  the 
central  termiaal  appendage — that  by  which  the  Eotifers  aiSx  themselves  to 
solid  bodies — is  itself  of  greater  or  less  length,  but  always  present.  We 
therefore  think  that  but  two  genera  can  be  rightly  established  :  one,  Callidiym, 
charactei-ized  by  the  feeble  development  of  its  ciliated  rotary  organ,  and  by 
entirely  wanting  red  specks;  the  other,  Rotifer,  with  two  or  several  red 
points  placed  more  or  less  near  the  exterior  extremity,  and,  what  is  of  more 
importance,  "ndth  very  highly  developed  rotaiy  organs." 

"  The  genera  Hyclrias  and  Typhlina  are  founded  on  imperfect  observations 
made  by  the  author  dm-ing  his  jonrney  in  Egypt ;  and  the  genus  Monolabis 
ought  to  be  placed  elsewhere." 

The  family  Philodinsea  thus  formed  is  arranged  parallel  with  Brachionsea, 
as  though  the  absence  of  a  lorica  were  the  only  difference  between  them. 

So  far  as  Dujardin  accepts  of  the  same  species,  his  family  Eotifera  and  that 
of  Philodinfea  of  Ehi'enberg  correspond. 

The  amazing  persistence  of  vitality  in  the  Rotifer  vulgaris  gives  a  great 
interest  to  this  family,  as  also  the  occurrence  of  some  of  its  members 
within  the  cells  of  aquatic  plants.  Dr.  Morren's  obsei-vations  probably  ex- 
plain some  of  the  latter  occurrences ;  but  it  is  a  question  whether  recent 
discoveries  in  vegetable  physiology  may  not  further  explain  the  existence 
of  these  animals  within  closed  vegetable  sacs.  Eor  instance,  the  origin  of 
some  cells  by  the  vacuolation  of  a  soft  penetrable  protoplasm  suggests  the 
possibility  that  the  Eotifera  may  deposit  their  eggs  Avithin  the  soft,  half- 
organized  protoplasm ;  and  in  the  process  of  vacuolation  some  of  these  ova 
might  readily  find  their  way  into  the  vacuoles  about  to  be  converted  into 
cells,  the  latter  change  being  completed  before  the  embiyonic  animalcule 
escaped  from  its  ovum ;  and  when  it  did  so  emerge,  the  completion  of  the 
vegetable  process  would  cause  the  animal  to  find  itself  imprisoned  within  the 
walls  of  a  vegetable  cell. 

Genus  CALLIDINA  (XXXIV.  470-473).— Distinguished  by  possessing  a 
proboscis,  and  a  foot  fiu-nished  with  processes  resembling  horns,  and  by  the 
absence  of  eyes.  The  vibratile  or  rotary  organ,  is  double,  not  pedicled,  and 
IS  sumounted  by  a  thickly  ciliated  proboscis.    The  furcate  foot  has  two 
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elongated  toes,  foiir  Uttlo  horns  or  processes,  and  six  points.  Muscles  for 
movhig  the  foot  are  also  visible.  The  03sophageal  bulb  has  two  jaws,  with 
numerous  delicate  teeth.  The  filiform  ahmentaiy  canal  has  a  bladder-bke 
expansion  posteriorly,  but  is  not  provided  with  glands :  it  is  surrounded  by  a 
erSar  and  cellular  mass,  whose  function  is  unknown;  Elu-enberg  thmks 
it  connected  with  reproduction.  An  ovarium,  with  single  large  ova,  is  seen. 
A  Htae  spur-Uke  process  projects  from  the  neck.  No  mdication  of  a  nervous 
system  is  observable. 

Callidxna  efc9fl»s.-Spuidle-shaped,  I  in  the  oesophagus.    Swims  m  rather  an 
Itf^^r^  rltL  organs,  or  wheels    eel-like  manner.    C.  comtncta  (Dai.)  so 


crvstalline  ;  rotary  organs,  or  wheels, 
smaU.  (XXXIV.  470-472 ;  473,  the  eggs.) 
In  bog- water  and  infusions  of  oak-bark, 
1-72" 

'c'rediviva  (Ehr.).  —  Fusifonn,  dif- 
fusely gTamdar  or  else  fleshy ;  with  red, 
distinct  ova,  and  strong  rotary  organs. 
1-60"  to  1-48" ;  ova  1-576".  Berlin ;  m 
the  sediment  of  water-spouts  of  houses. 

C.  cornuta— On  ea.ch  side  of  the  head 
a  short  horn-like  process.  Maxillary 
bulb  much  wider  behind  than  m  C.  ele- 
gans.    Cihary  motion  unusually  strong 


eei-uKo  luimuci.        i../<™."  ---- 
named  on  account  of  the  contracted  fonn 
of  its  rotary  apparatus.    Its  iaws  pre- 
sent a  row  of  closely-set  parallel  teeth. 
1-52" 

'C.  'Udens  (Gosse).  —  Body  spindle- 
shaped,  iaws  furnished  with  two  distinct 
teeth.  1-45".  Perhaps  this  is  no  other 
than  C.  elegans,  the  jaws  of  which  Ehr- 
enberg  describes  as  having  many  dehcate 
teeth.  I  have,  however,  exammed  nu- 
merous specimens,  and  have  always  found 
them  distinctly  two-toothed. 


TTVD-RTAS  CXXXY.  474).— It  is  devoid  of  eyes,  proboscis,  and  the 
meTrn  S-esSthe  fool ;  the  two  small  rotary  organs,  or  wheels, 

ZSxSiEz^e.*?  ^^^^ 

for  an  Afiican  Eotatorian  imperfectly  observed.  •  , 

n        Vivnl^TiP-  standino-  water  from  a  small  sprmg  at 

Hydbias  cornigera.—Ov&te,  hyahne  ^^^^^1^        q   •     f  j    iter  Ammon. 

foot  attenuated,  resemblmg  a  frircate  biva,  in  the  uasis  i 

tan    XXXV.  474  represents  an  anunal-  i-iJU  • 
cule  extended.    With  OsciUatoriffi,  m 

Genu.  TYPHLINi  (^^\«'&t,''a?\S  TJTZ'Zu 
^^^r^^t^  a        s.aU  B.;f.,  without 

Drs.  Hemprich  and  Ehrenberg  m  a  pool  1 

POTTWI^  rXXXV  476-480  ;  XXXYIIL  l-3).-Body  fusiform. 
Genus  EOTIFEli  (J^a  v  .        ^     '        .  ,  .,    a^^pended  horns.  Eyes 
Able  to  retract  and  protrude       ^t  e Joot  wit^^^^^^^ 

two,  placed  upon  the  frontal  proboscis  ;  ^^^f^XiT apices.  A  double 
lorlulate)  processes  and  two  also  longi- 

rotary  organ,  furnished  ^^^^^  "^^^''^f  4^^^'"^^,,Xfo^^  liorn-Ulce  pro- 
tudinal  and  foot  muscles  m  thi-ee  of  them  ^^^f  jj^^  of  the  foot 

cesses  in  four  species ;  in  J^^^^^^  It^d  to  be  di-awn  in. 

appear  to  be  tri-pomtcd  ;  m  f"  ^' J^  'J.f'  'fl^:^  each  two-toothed,  is 
iS  four  species  a  -^^-.^'XTtZ^.^^^^       Sm-m,  >vith  a  vesicular 


OP  THE  PHILODINjEA. 


703 


end ;  the  four  European  species  have  two  spherical  alimentary  glands,  and 
an  ovary,  with  a  few  large  ova ;  occasionally  these  species  are  viviparous. 
In  three  of  them  a  contractile  vesicle  is  present.  In  B.  macnirus,  near  the 
alimentary  canal  ai-e  two  glands.  In  three  species  from  nine  to  twelve 
parallel  transverse  musculai-  bands  have  been  observed ;  and  besides  these, 
in  the  four  Eui-opean  species,  styliform  tubes  emanate  fi-om  the  neck,  which 
in  one  species  are  ciliated  anteriorly.  Two  red  fi'ontal  eyes  are  met  with  in 
the  four  European  forms,  and  beneath  them,  in  H.  vulgaris,  two  ganglia. 


Rotifer  vulgaris  (  Vorticella  rotatoria, 
M.)  (xxxv.  476-480).— Body  fusiform, 
white,  gradually  attenuated  towards  the 
foot ;  eyes  roimd.  This  creature,  which 
was  discovered  by  Leeuwenhoek,  was 
described  and  illustrated  in  the  3£icro- 
scopic  Cahinet  some  years  ago,  prior  ^to 
the  appearance  of  Ehrenberg's  obseiwa- 
tions.  "It  has  the  power  of  contracting 
or  extending  the  length  of  the  body  in 
the  following  remarkable  manner :  — 
When  the  creature  is  about  to  shorten 
itself,  transverse  folds  or  joints  are  ob- 
servable, which  do  not  appear  to  be  con- 
fined in  number  or  situation ;  the  in- 
tegimients,  when  a  joint  is  produced, 
are  drawn  within  the  parts  above,  and 
slide  out  like  the  tubes  of  a  telescope, 
when  the  joints  disappear.  It  is  this 
power  that  enables  it  to  assume  the 
form  of  a  sphere,  the  head  and  tail  being 
di'awn  within  the  body."  Anteriorly  it 
has  a  proboscis-like  process,  with  a  cili- 
ated exti-emity,  and  a  soft  hook,  near 
which  are  two  dark  red  points.  The  body 
termiuates  posteriorly  in  a  moderately 
long  tail-like  foot,  having  six  processes 
disposed  ia  pairs;  two  wreaths  of  cilia(the 
wheels),  voluntarily  moveable,  are  placed 
upon  short  thick  ai-ms  (pedicled),  which 
can  be  drawn  in  and  out  at  pleasure ; 
these  wreaths  seiwe  for  swimming  aiid 
piuweying,  the  food  approaching  the 
mouth  through  the  cmTents  produced  in 
the  water  by  the  cilia.  On  the  dorsal 
surface  is  a  styliform  horn  {speculum 
collare,  M.),  at  the  end  of  which  Leydig 
detected  retractile  cilia.  Dming  vi"bra- 
tion  the  neck  has  a  circidar  fold,  which 
appears  on  each  margin  in  a  fi'ont  view 
like  a  lateral  style.  Foiu-  longitudinal 
muscles,  two  anterior  and  two  posterior, 
are  seen ;  laterally  also  two,  club-shaped, 
for  moving  the  foot,  and  two  belongino- 
to  the  rotary  organ.  Sometimes,  says 
Ehrenberg,  four  anterior  longitudinal 
muscles  and  a  dorsal  and  ventral  muscle 
appear  to  be  present.  It  has  two  kinds  of 
locomotion,— one  by  alternately  attach- 
ing the  mouth  and  foot,  and,  as  it  were 
stepping  along ;  the  other  by  swimmmff' 
through  the  rotary  apparatus.    If  the 


creature  attach  itself  by  the  foot,  and 
the  rotary  appai-atus  be  in  motion,  a 
sti'ong  cmTcnt  or  vortex  is  produced  on 
each  side  the  wheels,  resembling  two 
spirals  ia  the  water,  which  bring  the 
nutritive  particles  to  the  mouth,  from 
which  some  are  chosen  and  the  rest  flow 
away.  In  order  to  observe  this  action  with 
effect,  finely-divided  carmine  or  iadigo 
must  be  mixed  in  the  water.  The  oral 
aperture  is  placed  just  beneath  the  hook- 
like proboscis,  from  whence  it  continues 
backwards  as  a  long  extensible  tube,  as 
far  as  the  oesophageal  head,  which  has 
fom-  muscles  and  two  sti'iated  jaws  with 
double  teeth  (Zygogomphia).  From  this 
point  a  filifoi-m  intestinal  canal  extends 
posteriorly,  foiming  an  oval  expansion 
near  its  teimination  at  the  anus,  at  the 
base  of  the  taH-lilce  foot.  A  thick  glan- 
dulai'  cellular  mass,  often  yellowish  or 
gi-eenish,  sm-roimds  the  alimentary  canal; 
its  _  use  is  imknown :  anteriorly  are  two 
biliary  glands.  The  propagative  system 
is  very  mteresting :  the  ovaiy  is  a  glo- 
bose glandidar  mass ;  ia  it  fom*  or  five 
ova  sometimes  so  completely  develope 
themselves  that  the  young  creep  out  of 
their  envelopes,  extend  themselves,  and 
put  their  wheels  ia  motion  while  within 
the  ovai-y ;  they  sometimes  occupy  two- 
thu-ds  the  length  of  the  parent.  In  the 
ovxun  the  voimg  are  coiled  up  in  a  spiral 
manner.  A  conti-actUe  vesicle  exists,  and 
eleven  or  twelve  parallel  transverse  bands, 
probably  muscidar.  The  two  red  frontal 
eyes,  with  a  ganglion  beneath  them,  ia- 
dicate  a  nei-vous  system.  These  eyes  are 
cells  filled  with  a  gramdar  pigment,  and 
sometimes  separate  abnonnafly  into  se- 
veral ;  Leydig  affirms  that  they  contain 
a  refracting  body.  (xxxv.  470,  a  full- 
grown  animal  extended,  and  supposed 
to  be  attached  to  a  fixed  body — the 
cun-ents  about  the  trochal  disc  as  dis- 
played when  indigo  is  put  in  the  water ; 
477,  an  under  view,  the  wheels  with- 
drawn, and  body  contracted  ;  478,  an 
extended  Rotifer,  wheels  withdrai,\ni  ; 
479,  480,  upper  portions  more  highly 
magnified,  after  submission  to  diflerent 
degrees  of  pressm-e  between  the  plates 
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of  a  compressor.  In  xxxv.  476-478,  ova 
are  seen ;  some  are  developed  and  their 
eves  and  cesopliageal  biilb  visible,  ihe 
transverse  muscles,  and  the  tube  pi-o- 
iecting  from  the  necli,  are  seen  m  the 
engra^ngs.  Found  in  fresh  and  sea- 
water,  in  infusions,  on  the  flocculent 
matters  of  water-plants,  and  even  withm 
the  cells  of  some,  e.  g.  of  Sphagnum 
Vaucheria,  &c.  (See  Part  I.  p.  466.) 
1-50"  to  1-24". 

R.  (?)  cjYj7m«s.— Fusiform,  lower  part 
trradually  attenuated  into  a  foot;  its 
horn-like  processes  elongated;  eyes 
roimd  and,  according  to  Leydig,  con- 
taining a  refi-acting  body;  cervical  tube 
toothed  The  exti-emities  are  transpa- 
rent, the  middle  of  the  body  of  a  citron 
colour  ;  it  often  exhibits  longitudinal 
folds,  and  is  then  less  transparent. 
Amongst  OsciUatorise.  1-24". 

R  (V)  erythrceus.  —  Small,  oblong, 
suddenly  attenuated  into  a  long  foot. 
1  240" 

'r.  macruriis  (Vorticella  macrura,  M.). 
—  Transparent,  ovato-oblong,  suddenly 
attenuated  into  a  long  foot;  this  is  di- 
stin<-uished  from  Acimurus  by  its  small 
toes"  horn-like  processes,  and  suddenly- 
attenuated  body*:  The  style  or  antemial 
tube,  is  ciliated  in  a  star-like  mannei 
The  wheels  are  prominent     A  long 
stomach  is  succeeded  by  a  sbort  intes 
tine ;  on  each  side  is  a  convoluted  watei- 
;'asc  liar  canal,  but  without  vibratile 
ta<-s     Eyes  either  two,  hemispherical, 
abruptlv  ti-imcate  anteriorly,  red,  and 
3a  Lfi-acting  mediimi  or  elongated 
posteriorly,  becoming  divided  into  seve- 


ral  rows  of  linear  points,  without  re- 
fracting media.  It  is  altogether  a  choice 
subiect  for  the  microscope.  In  boggy 
water.  1-350". 

R.  i(«-c^«<s.— Hyaline,  fusiform,  gi-a- 
duaUy  attenuated  to  the  foot,  and  having 
deep  strictures  in  the  form  of  square 
false  articulations  or  joints;  eyes  ob- 
long. It  resembles  internally  M.  vulgaris. 
1-80". 

Of  the  several  species  of  Rotifer,  and 
of  the  following  one  of  Actinurus,  de- 
scribed by  Ehrenberg,  M.  Diijardm  con- 
fesses his  inability  to  discover  the  specihc 
differences,  although  he  admits  diversity 
of  habitat,  and  of  resistance  to  the  pro- 
cess of  desiccation.  He,  however,  be- 
lieves he  has  discovered  a  Rotifer  spe- 
cificaUv  distinct  from  any  variety  of 
Rotife^-  vulgaris  ;  this  he  would  desig- 

""^R.  inflatus  (xxxvin.  1-3).— It  is  less 
slender  than  R.  vulgaris,  its  rotaiy  organs 
of  less  size,  and  its  red  specif  seated 
very  near  the  jaws.  1-58".  In  water 
or  wet  moss.  _ 

Of  this  species  Dujardm  mfers  that 
Ehrenberg  has  consti-ucted  at  least  four 
others,  accordmg  to  the  rose  or  yellow 
colom-  it  presents,  the  foi-m  of  the  eyes, 
and  the  length  of  the  caudal  appendages, 
viz.  Philodina  eryopUlialma,  P.  roseola, 
I  P.  citrina,  P.  macrostyla.  At  the  same 
time  he  would  regard  P.  collans,  P.me- 
galotrocha,  and  P.  aculeata  as  distinct 

forms  of  Rotifera. 

R.macroceros(Gosse).-Wheelslai-e; 

antennal  process  (the  respn-atorytube, 

Ehr.)  veiy  long  and  mobile.    1-iW  . 


L  organization  resembles  Rotifer  vulgaris, 

tatoria,U.).-White,insiiovm,^^^^^  haii-Hke 'point ;  482,  contracted,  head 
attenuated  into  a  ong  foot  .^^   ^^^-^^  ^thdrawn ;  484,  the  upper  part, 

eciualtoes  exceeding  >oin-like  pio  p^^  y^  ^^^^^^^  ^^.^  extended  anJi  m 
cLes  in  length.   The  action  0^^^^^^^  ^^^^^     ^3  ^^^^  oesophagus  and  jaws 

Ser"(S^v^S\^?a^^^^^ 

with  the  wheels  withdrawn,  which  is  >  1-36  to  • 

Genus  KONOLAEIS  (XXXY.  ^85  486)j^Eyes  two,^^^^^^^^^^ 

with  two  toes,  hut  no  hom-hke  P^'^-^f  ^«  ,   J^^^  ^ the  foot,  and  four 
moving  the  clouhle  x.tar,- aj^^^^^^^^^  fenidied  with 

belonging  to  ^^^^^f^^^t  l^^^^^  cesophageal  ti^e  and  a  simple 
double  teeth,  or  teeth  m  lows.    A     7  them  has  two 

:;S«'arl^:^?seen  in  U  but  in  neither  have  Ml,- 
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developed  ova  or  male  organs  been  observed, 
is  present. 


In  one  species,  a  tactile  tube 


MoNOLABis  cotiica. — Stout,  provided 
with  a  tactile  tube,  or  spiu",  and  three 
teeth  in  each  jaw.  Between  the  rotary 
organs  the  brow  can  project  and  resemble 
a  proboscis,    (xxxv.  485,  486  represent 


different  views  from  the  under  side.) 
1-120". 

M.  gracilis. — Has  a  more  slender  body 
than  the  last,  and  two  teeth  in  each  jaw, 
but  no  tube  orspiu'.  Length  about  1-200". 


Gemis  PHILODINA  (XXXY.  487-490;  XXXVIII.  4).— Eyes  two, 
cervical,  foot  with  horn-like  processes.  AH  the  species  possess  two  vibratile 
or  wheel  organs  upon  the  breast,  and  five  of  them  have  a  frontal  ciliated 
proboscis.  Longitudinal  muscles  are  distinct  in  one  species,  and  two  for 
moving  the  foot  in  six.  The  oesophageal  bulb  has  fom-  muscles ;  its  jaws  are 
two-toothed  in  four  species,  three-toothed  in  two  species  ;  but  in  one  species 
the  oesophageal  bulb  has  not  been  satisfactorily  seen.  The  alimentary  canal 
is  filiform,  with  a  posterior  enlargement  in  six  species  ;  in  one  it  appears  to 
have  pouches  or  pockets.  The  glandular  or  cellular  mass  surrounding  the 
filiform  part  of  the  canal  sometimes  becomes  distinctly  colom-ed  when  the 
creature  eats  coloured  food,  and  therefore  seems  connected  with  the  nutritive 
system,  and  is  probably  a  convolution  of  caecal  appendages.  Biliary  (?)  glands 
are  found  in  sis  species.  The  ovary  developes  eggs,  which  are  usually  extruded 
before  the  young  are  hatched.  Three  species  j^ossess  a  contractile  vesicle ;  one, 
vibratile  tags.  A  tube,  in  some  cases  ciliated,  is  always  present  at  the  neck. 
Transverse  bands  are  seen  only  in  P.  erythropJithalma.  Eyes  are  found  in 
all  the  species,  and  nervous  ganglia  connected  with  them  in  P.  erytliroph- 
thalma :  sometimes  the  eyes  are  very  pale ;  hence  a  solitary  specimen  may  be 
mistaken  for  a  Callidina.  XXXVIII.  14  is  a  diagram  of  the  head  of  PJiilo- 
dina  as  viewed  in  front,  and  fig  15  of  the  same  viewed  laterally. 


Phtlodina  erythrophthalma  (xxxvm. 
4). — White  and  smooth ;  eyes  roimd ; 
hom-like  processes  of  the  foot  short ; 
jaws  two-toothed.  Found  abimdantly 
during  the  spring  and  summer  in  water- 
tubs  and  amongst  ConfervaB.  In  glass 
vessels  it  increases  rapidly ;  and,  if  sup- 
plied occasionally  with  two  or  three  stems 
of  hay,  the  breed  may  be  preserved  for 
years.  It  is  often  met  with  in  vegetable 
infusions  of  different  kinds.  1-120"  to 
1-48". 

P.  roseola. — ^Body  smooth  ;  eyes  oval, 
horn-like  processes  of  the  foot  short. 
"I  have  observed,"  says Ehrenberg,  "that 
this  animalcule,  when  kept  in  glasses, 
deposits  its  eggs  in  heaps,  and  the  parent 
remains  a  long  time  with  the  young  ones 
produced  from  them,  forming  a  sort  of 
family  or  colony,  which  circumstance  we 
are  not  to  be  hindered  from  ascribing  to 
a  sense  of  company  or  family,  though  the 
pride  of  man  may  laugh  at  it."  (xxxv. 
490  represents  one  with  the  wheels  ex- 
tended.)   1-72"  to  1-48". 

P.  collaris. — Body  smooth,  hyaline,  or 
white,  eyes  round ;  a  prominent  annulus 
or  collar  smTounds  the  neck.  It  is 
especially  characterized  by  the  extent  of 
the  alimentary  canal,  and  ciecal  appen- 


dages attached  to  it ;  so  that,  when  the 
animalcide  is  fed  upon  indigo,  it  appears 
polygastric.  1-120". 

P.  macrostijla. — White  and  smooth, 
with  oblong  eyes ;  it  has  three  teeth  in 
each  jaw ;  hom-like  processes  of  the  base 
of  the  foot  long.  Found  amongst  OscU- 
latoiite.  1-70". 

P.  citrina. — Smooth,  citi'on-coloiu-ed 
in  the  middle ;  extremities  white ;  eyes 
variable  in  form;  hom-like  processes 
slightlj;  elongated.  Found  amongst  Os- 
cUlatorise.  1-70". 

P.  aculeata. — White,  provided  with 
soft  spines ;_  eyes  round.  The  tactile  tube 
(antenna)  is  thickened  anteriorly  in  a 
globose  manner;  the  jaws  have  each  three 
teeth,  (xxxv.  487,  488  represent  this 
anunalcide ;  and  489  the  jaws  and  teeth 
separate.)  1-70". 

P.  megalotroclm. — White;  body  smooth 
and  short ;  wheels  large ;  the  proboscis 
between  them  long;  eyes  oval ;  jaws  two- 
toothed.  Two  straight  setre  at  the  end 
of  the  tail.    1-216"  to  1-108". 

P.  hirsuta.  —  Of  a  pale  yellow  co- 
lomr,  and  covei'ed  with  a  short  down  ; 
eyes  oblong ;  foot  prolonged  by  dorsal 
spines ;  viviparous.  Length  1-72"  :  of 
1-480".  Berlin. 

2  z 


SySTEMATrC  HISTORY  OF  THE  INFUSOllIA. 


FAMILY  VIII.— BIlACHIONiEA. 


The  concluding  family  of  the  Kotatoria,  BiiAcnioNiEA,  is  distinguished  by 
its  members  having  two  rotary  organs  and  a  lorica. 

The  lorica  is  open  at  the  extremities,  Hlce  a  tortoise's  carapace.  The  rotary 
apparatus  is  often  apparently  composed  of  five  parts,  three  central  and  two 
lateral ;  of  which  the  latter  alone  belong  actually  to  it,  the  others  being  only 
ciliated  fi-ontal  portions,  wliich  during  the  vibration  of  the  trochal  disc  remain 
stiffly  extended  as  feelers.    Besides  these  appendages,  the  disc  presents  in 
most,  perhaps  in  all  the  species,  two  setae,  as  is  seen  also  in  Synchceta.  The 
genera  Noteiis  and  Brachionus  have  a  forked  foot,  Anurcea  is  destitute  of 
feet ;  and  Pterodina  has  a  suctorial  disc  at  the  end  of  the  foot,  but  no  toes. 
All  the  genera  have  jaws,  with  teeth  attached  to  an  oesophageal  head,  having 
foiu:  muscles.    In  Pterodina  the  jaws  are  partly  two-toothed  and  the  teeth  in 
a  hue  (zycjogompMa,  lochogompliia),  in  the  other  genera  they  are  many-toothed 
(poltjcjompMa).    In  Noteus  and  Pterodina,  the  alimentary  canal  is  constricted, 
forming  stomachs  (gasterodela) ;  in  the  rest  it  is  partly  simple  (ccdogastrica), 
partly  with  stomachs.    Glands  have  been  observed  in  all  the  genera,  as  also 
an  ovary  and  contractile  vesicle.    Many  species  of  Anurma,  Brachionus,  and 
Noteus,  carry  their  eggs  attached  to  them,  after  expulsion.    In  aU  the  genera, 
except  Pterodina,  internal  tremulous  tags  attached  to  the  water-vascular 
canals  have  been  observed.    A  nervous  system  is  supposed  to  be  mdicated  by 
the  presence  of  red  visual  points  in  aU,  except  Noteus,  which,  however, 
possesses  what  is  believed  to  be  a  cerebral  ganghon. 

Some  of  the  Brachionaea  may  become  so  numerous  as  to  render  the  water 
milky  and  turbid. 

Ehrenberg's  classification  of  this  family  is  given  at  p.  4/9.  _ 
It  was  amongst  the  Bracliionsea  that  some  of  the  most  mterestmg  ot  recent 
investigations  were  first  made  by  Perty,  Cohn,  and  Leydig.    Thixs  stnped  or 
voluntary  muscles  have  been  noticed  in  Brachionus  mih  taris  by  Cohn,  and  m 
Pterodina  by  Leydig  ;  whUst,  in  the  latter  case,  the  same  distmguished 
observer  aHeges  that  he  finds  a  refracting  body  in  the  eye  smnlar  to  what  he 
had  detected  in  Euchlanis  and  Btephanops.    In  Brachionus  urceolaris  and 
milUm^s,  agam,  Perty  and  Cohn  have  estabhshed  the  existence  of  dioecious 
sexuaUty  amongst  the  Eotatoria— the  male  animal,  as  m  the  previoiisly  de- 
scribed dioecious  forms,  being  devoid  of  an  alimentary  canal;  and  to  this  hst 
Mr.  Gosse  has  since  added  B.  Pala,  B.  ruhens,  B.  am.phtceras,  B.  angidans 
B.  Dorcas,  and  B.  MiUleri/  Its  rarity,  and  the  comparatively  short  period  ot 
time  during  which,  according  to  Perty,  the  male  ammalcule  of  Brachionus 
urceolaris  exists,  probably  explain  why  these  creatm-es  have  been  so  long  over- 
looked.   Cohn  observed  that  the  contractions  and  expansions  ot  the  contiac- 
tile  sac  at  the  base  of  the  water-vascular  canals  of  Brachronus  mditarrs  weiT 
accompanied  by  a  corresponding  motion  in  theii-  watery  contents.    At  eaeli 
contraction,  or  systole,  a  stream  was  expeUed  into  the  cloaca,  commumcatuig 
with  the  water  in  which  the  creatiu'e  lived,  whilst  an  opposite  movement 
^tended  the  expansion  or  diastole  of  the  sac.    These  facts  strongly  corro- 
borate  the  supposition  that  the  water-vascular  canals  are  the  trae  respirator} 
organs  of  the  Botifera,  corresponding  with  the  remai-kable  analogous  organs 
Sn'  from  the  cloaca  of  the  Holothuna^  amongst  the  radiated  aniiiials  ;  the 
pi    oxygenated  water  being  thus  carried  to  the  flu  d  d^^tending  the  b^ 
which  fdfils  the  functions  of  the  blood  m       er  anima  s  and  a^^^^^^^^  an 
o^amnlG  of  the  "  Phlebenterism "  of  the  French  naturahst  auatrefages 
ZBracl^nus  \nMa.is,  Cohn  has  also  pointed  out  the  existence  of  tliree 
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distinct  classes  of  eggs — \iz.  wuter,  summer,  and  male  ova — all  difteiing  in 
their  form  and  aspect. 

Genus  NOTEUS  (XXXV.  491-494  ;  XXXVIII.  25).— Eyes  absent ;  foot 
furcate  (Bmchmii  wanting  eyes).  Tlie  two-wheeled  trochal  disc  has  between 
its  portions  a  three-lobed  ciliated  brow,  biit  has  no  long  bristlc-like  feelers  ;  it 
possesses  (as  also  does  the  fiu-catc  foot)  distinct  muscles.  The  lorica  has  spines 
both  anteriorly  and  posteriorly ;  an  oesophageal  head  with  jaws  having  many 
teeth  (jpoli/cjomphia),  a  constricted  alimentary  canal  or  stomach  (gasterodela) 
with  two  large  glands,  an  ovarium,  and  a  contractile  vesicle  are  to  be  recog- 
nized. There  is  also  a  trace  of  tremulous  tags,  a  short  and  thick  water- 
vascular  tube,  and  a  large  central  ganglion,  lying  between  the  muscles  of  the 
vibratory  organs.  Dujardin  considers  the  absence  of  eyes  insufficient  to 
constitute  this  a  genus  apart  fi'om  BracJiionus. 


NoTEUS  quadriconiis  (xxxv.  491-494 ; 
xxxvm.  25).  —  Lorica  suborbicular,  de- 
pressed, rough  and  m'ceolated,  with  four 
spines  anteriorly  and  two  posteriorly. 
Rotary  organ  simple,  with  a  deep  oral 
fossa ;  three  lobes  on  its  free  surface. 
Alimentary  canal  as  in  Bmchionus.  A 
contractile  sac  on  the  right  of  the  cloaca 
giving  off  two  canals,  each  bearing  thi-ee 


tremidous  tags ;  a  short  and  obscure 
siphon  between  the  large  spines  on  the 
fi'ont  of  the  body.  This  anunalcule  is 
large,  very  transparent,  and  of  a  whitish 
colom-.  (xxxv.  491-493  represent  dorsal, 
ventral,  and  side  views ;  and  494  the 
jaws  separate,  and  under  pressm-e.) 
Found  amongst  decayed  sedge-leaves 
and  Oscillatorise.    1-120"  to  1-72". 


Genus  A]SrUEJi:A  (XXXV.  495-498).— Brachionsea  with  a  single  cervical 
eye,  but  no  foot  (Brachioni  without  feet).  In  seven  species  the  lorica  has 
four-  longitudinal  rows  of  facettes  upon  the  back  ;  in  three  it  is  smooth  ;  in 
thirteen  species  it  is  spinous  anteriorly,  and  in  seven  posteriorly  also.  A. 
hiremis  has  a  moveable  spine  on  each  side  :  of  one  species,  only  the  empty 
shell  has  been  seen ;  in  the  rest  the  muscles  of  the  rotary  organ,  but  not  the 
longitudinal  muscles  of  the  body,  have  been  observed.  Jaws  and  teeth  are 
seen  in  nine  species.  Alimentary  canal  constricted  {<j aster oclela)  in  foiu- ; 
simple  and  conical  (ccelogastrica)  in  nine.  Two  glands  are  placed  at  the 
commencement  of  the  alimentary  canal ;  an  ovary  is  seen  in  twelve  species, 
but  a  contractile  vesicle  only  in  one  of  the  larger  and  smooth  species,  in  wliich 
also  four  tremulous  tags  are  found.  In  three  species  siphons  emanate  from 
the  neck.  The  eye-speck,  which  is  always  present,  is  supposed  to  indicate 
the  emstence  of  a  nervous  system.  In  A.  squmnula,  A.  curvkornis,  A.  biremis, 
A.  striata,  and  A.  foliacea,  what  is  thought  to  be  nervous  matter  is  seen  below 
it.  Eight  species  have  theii'  eggs  attached  to  them  after  they  are  expelled. 
They  swim  freely,  though  not  very  quickly.  This  genus  has  the  name  of 
Anourella,  given  to  it  by  Bory  St.-Vincent,  and  retained  by  Dujardin. 

a.  Species  posteriorly  devoid  of  spines  and  pedicle. 


(?)  quadriclentata. — Lorica 
fo  " 


ANURiEA 

oblong,  with  four  horns  anteriorly,  its 
posterior  end  obtuse,  back  tessellated. 
1-216"  without  the  boms. 

A.  Squatnula  (Brachionus  Squmnula, 
M.). — Smooth,  obtusely  square,  witli  six 
horns  in  front,  obtuse  behind,  (xxxv. 
495-497  represent  different  views  of  this 
animalcule,  the  two  latter  with  an  eo'o' 
attached.)  1-240". 

A.  ^/«fcrt<a.— Oblong  ;  with  six  spines 
anteriorly,  the  two  central  of  which  are 


curved  outwards,  like  sickles.  Surface 
of  the  lorica  not  ridged,  but  rough  ;  pos- 
terior extremity  obtuse.  1-144". 
_  A.  curvicornis. — Nearly  square,  with 
six  frontal  horns,  the  two  middle  ones 
larger  and  curved  outwards  and  doAvn- 
wards.  Dorsal  surface  tessellated ;  its 
large,  red,  round  eye  is  seated  upon  a 
large  nervous  ganglion  ;  the  oesophageal 
bidt)  has  three-toothed  jaws.  This  ani- 
malcule also  can-ies  the  eggs  attached. 
1-21G". 

27.2 
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A.  itVeints.— Linear  and  elongated, 
witli  four  horns  anteriorly;  back  very 
smootli,  and  having  two  lateral  spines, 
like  oars.  The  oesophageal  head  has 
three-toothed  jaws.  In  phosphorescent 
sea-water.  1-144".. 

A  striata  (BracJnonus  striatus,  M.;.— 
Linear  and  elongated,  with  six  horns  m 
ftont,  and  four  on  the  abdominal  surface 
of  the  lorica;  the  backwith  twelve  longi- 


tudinal flutings  or  rays,  and  obtuse  at 
the  end.  This  species  is  very  change- 
able in  form,  owing  to  the  membranous 
lorica  yielding  to  the  contraction  ot  the 
body :  hence  it  is  sometimes  long,  at 
others  short,  sometimes  urn-shaped,  bell- 
shaped,  and  even  almost  disc-shaped ; 
the  first,  however,  seems  to  be  the  nomial 
form.    Li  fresh  and  salt  water.    l-i-iU  . 


b.  Spinous  or  attenuated  posteriorly. 


A.  merjms.— Lorica  oblong,  attenuated 
and  truncated  posteriorly  ;  no  spmes  an- 
teriorly ;  back  furnished  with  famt  longi- 
tudinal rays.  In  peat-water.  Length 
when  extended,  1-144". 

A.  acuminata.— Lorica.  oblong,  attenu- 
ated and  truncated  at  the  posterior  extre- 
mity, having  anteriorly  six  shai-p-pointed 
horns  or  spines,  twelve  longitudinal  rays 
on  the  hack.  Amongst  Confen-ee. 
Length  about  1-120". 

a: /"o&cea.— Lorica  oblong,  six  spines 
anteriorly,  posteriorly  termiuatmg  in  a 
spine;  dorsal  and  ventral  sui-faces  longi- 
tudinally striated;  frontal  region  rough 
It  has  fom'-toothed  jaws,  and  a  central 
eanglion  below  the  eye.    1-180  .  _ 
^  A  stipitata  {BracUonus,  M.).— Lonca 
nearly  square,  or  tiiangular;  anteriorly 
six  spines ;  posterior  pointed  like  a 
pedicle  ;  the  back  tessellated.  I^xxxv. 
&8  represents  a  dorsal  view,  with  the 
wheels  extended.)  Length  about  1-20U  . 

A.  TestecZo.— Lorica  squai-e,  having- 
anterioriy  six  straight  spines,  all  ol 
nearly  the  same  length,  and  posterioriy 
a  short  one  at  each  corner,  f  he  upper 
aud  under  surfaces  are  rough,  the  foimei 
tessellated  like  Notms.  Length  about 
1-200' 


A.  serrulata.  —Lorica  ovate,  square, 
with  six  unequal  spines  antenorly,  the 
two  middle  ones  long  and  curved;  it  has 
two  short  spines  at  the  posterior  angle.s, 
which  are  sometimes  scarcely  apparent. 
The  sui-faces  are  rough,  and  the  dorsal 
also  tessellated,  like  the  preceding  species. 
Independently  of  the  two  wheels,  the 
brow  has  three  cvlindrical  cihated  pro- 
cesses, which  are  ti-uncate  at  their  extre- 
mities.   1-216".  . 

A.  amleata  {Bracliionus  quadraUts, 
M  )  —Lorica  square,  with  six  spmes  an- 
teriorly, the  two  middle  longest ;  at  the 
posterior  angles  are  two  long  and  equal 
Lines  ;  back  rough  and  tesseUated,  under 
side  smooth.  At  the  brow,  between  the 
two  wheels,  is  a  single  ciliated  frontid 
process ;  a  little  tactile  organ  is  situated 
in  front  of  the  eye.  Length  1-144  , 
includuig  the  spines,  1-96". 

A.  OT?oa.-Lorica  nearly  squai-e,  with 
six  spines  anteriorly,  the  two  middle 
ones  the  longest ;  at  each  postenor  angle 
is  a  spine  of  "unequal  length ;  dorsal  and 
veStral  surfaces  i-ough,  the  f™  tesse^ 
lated.    The  jaws^ai-e  five-toothed  t^^^ 


ied  eye  oval,^ts  longer  axis  transverse. 
Length,  without  the  spmes,  1-^iU  • 

i-iiw  .  -I      1    ••"  ^ 


A.  fissa  (Gosse).— Lorica  smooth,  hya- 
line, swollen  at  the  sides  and  at  the 
back;  flattish  on  the  belly,  ti-uncate  in 
front,  without  any  spines,  ati;enuatea 
and  tinincate  posterioriy.  There  is  a 
deep  fold  running  do^vn  each  side,  or 
else  the  vential  plate  is  distinct  from  the 
dorsal;  the  vential  is  also  cleft  through 
Hs  medial  line;  eye  very  large,  pale. 

A.  ieda  nearly  agrees  in  form  with 
^  .  .rrecorn^;  but  the  po^^f 
mitv  is  rather  more  pointed,  and  the 
S  7ellations  ai-e  diilerent  bejng  larg^, 
U  an-anged  on  e^^^^^^^^^^^^^^ 
dorsal  ridge,  which  gi^es  tt, 
the  form  of  a  vaulted  roof,    i-^w  . 


A.  hrevispina  nearly  agi-ees 
aculeata ;  but  the  posterior  ^P^^es  ai^  very 
short  the  frontal  spines  are  much  less 
snoiT,  uiB  e       ^^^Q   IS  not 

Sated!  a"  d  Tt  is  colourless.  1-146". 

2Sfc«m.-Lorica  spoon-s^^^^^^^ 
witii  six  spines  in  front,  the  medial  pair 
:Si'ving  sSongly  forwards ;  postenor^^^^^^ 
tremity  attenuated  into  a  lon^  slenaer 
sS^nclined  foiWs  ;  bac\  ndged 
and  tessellated,  as  m  A.  tec  a. 

A.  luptodon^Ascomorpha  HMc^ 
Ppvtv  --Lorica  of  equal  width,  con- 
SSd  posteriorly,  and^erniii^^^^^^^^^  an 
upturne'd  tooth  in  the  ^^^^dle  line  in 
frontare  four  teeth  above  andtwobelow 

1-12".    This  species,  founded  on  one 
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iiidividuolexainple,  resembles ^./o/iflcea,  the  pecidina-  uptimied  tooth  iu  the  median 
but  is  less  flat,  more  cubical,  and  possesses   Hue.   (xxxviii.  G.) 

Gemis  BRACHIOISrUS.— Bracliionasa  which  have  a  single  cervical  eye  and 
a  fitrcate  foot.    Figiu-e  compressed.    Lorica  closed  at  the  sides ;  open  at  the 
extremities  like  a  tortoise-shell.    Anterior  and  posterior  margins  usually 
dentate ;  sui-faee  either  smooth  or  rough  and  tubcrculated,  the  tubercles  on 
the  abdomiaal  sm-face  arranged  in  four  lines  diverging  posteriorly.  The 
cuticle,  which,  according  to  Leydig,  rests  on  a  molecular  layer,  resists 
liquor  potassse.    The  frontal  processes  or  teeth  are  dentate  on  their  inner 
edge.    Animal  able  to  withdraw  itself  withiu  the  loiica.    Eotary  organ 
simple,  and,  though  often  looking  as  if  lobed,  presenting  an  unbroken  border, 
except  when  it  is  indented  by  descending  to  the  mouth,  whence  this  bilobed 
aspect ;  a  median  lobe  and  two  lateral  ones  arise  from  its  free  surface.  On 
its  right  and  left  side  are  some  eminences  surmounted  by  long  bristles,  in 
addition  to  a  long  bristle  projecting  backwards  from  each  lateral  margin  of 
the  rotaiy  organ.   A  granular  mass,  the  supposed  cerebral  ganglion,  supports 
the  eye-speck,  which  is  extended  backwards  into  two  points.    A  siphon,  or 
tactUe  tube,  terminated  by  a  bunch  of  setae,  projects  from  between  the  an- 
terior median  teeth  of  the  lorica.    Two  brown  vesicles  in  front  of  the  large 
muscular  oesophageal  bulb,  in  which  are  the  toothed  jaws ;  a  short  oesopha- 
gus ;  and  a  stomach,  the  latter  composed  of  coloiu-ed  cells,  ciliated  on  their 
free  surface.    In  front  of  the  stomach  two  pedunculate  glands.  Intestine 
clear  and  ciliated.    Contractile  vesicle  on  the  right  of  the  cloaca,  with  two 
water-vascidar  canals  proceeding  fi-om  it  to  the  neck,  where  they  form  a 
plexns  and  bear  two  tags.    Ovary  beneath  the  stomach.    Eggs,  according  to 
Perty,  «f  three  sorts,  viz.  winter  ova,  summer  ova,  and  ova  bearing  male 
embryos.   Ova  attached  to  the  exterior  of  the  animal.  B.  Pala,  B.  urceolaris, 
and  B.  ruhens  sometimes  increase  iu  such  quantities  as  to  render  the  water 
milky  and  turbid.    Several  species  are  infested  with  Vorticella,  Epistylis, 
and  other  parasites,  which  attach  themselves  to  their  shells.  Like  Asplanchna^ 
Euchlanis,  and  others,  the  genus  Brachionus  has  acquired  great  additional 
interest  from  the  discovery  amongst  some  of  its  species  of  the  distinct  sepa- 
paration  of  the  sexes.    The  male  Brachioni  present  a  different  form  to  that 
of  the  female,  resembling,  ia.  this  respect,  Asplanclma  Sieboldn  rather  than 
A.  BrightwelUi  and  Hydatina  senta,  in  which  the  difference  of  external  eon- 
toui-s  is  mainly  one  of  size.    The  multiplying  discoveries  of  separate  sexes 
amongst  the  Eotifera,  combined  with  the  manifest  absence  of  male  organs 
in  the  mimerous  individuals  provided  with  ovaries,  renders  it  increasingly 
probable  that  all  the  Eotifera  will  finally  be  demonstrated  to  be  bisexual  or 
dioeceous. 


Brachionus  Pala.  —  Lorica  smootli, 
with  fom-  spines  in  front,  and  two  obtuse 
ones  near  the  opening  for  the  foot.  Toes 
of  the  foot  apparently  bifid.  This  crea- 
ture swims  m  a  porpendicidar  position, 
the  brow  being  directed  upwards.  Each 
jaw  has  five  teeth ;  the  alimentary  cannJ 
being  constricted,  forms  a  stomach. 
I>(!ng-th  1-36" ;  lorica  only  1-48"  (xxxnc. 
U,  15). 

B.  umphiraras. — Has  a  smooth  lorica, 
with  four  .spines,  in  front  and  poste- 
riorly ;  four  sharp  posterior  teeth  are 
characteristic.  1-72". 


B.  nrceolans  (Braclaomcs  urceolaris, 
M.).— "Whitish  ;  lorica  smooth,  with  six 
very  short  spines  in  front;  posterior  ex- 
tremity rounded ;  lorica  slightly  granu- 
lated ;  its  points  are  shorter  'and  less 
sharp  than  in  the  following  species  ; 
delicate  longitudinal  ridges  proceed  from 
the  spines ;  the  jaws  have  each  five 
teeth. 

The  mnles  of  Brachioiim  urceolaris, 
according  to  Perty,  are  developed  from 
sniallur  ova  thnn  the  females,  these  eggs 
being  also  adherent  to  tlie  parent  in 
greater  numbers.    Tlu-y  are  very  sphe- 
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rical,  reaching  1-50"'  in  length  and  1-6/ 
in  diameter.   Their  shell  is  more  deli- 
cate and  the  contents  clearer  and  more 
transparent,  as  well  aa  of  a  pale  yellomsh 
hue  uistead  of  the  dusky  gi;ey  of  the 
female  ova.  The  former  lilcewise  contain 
fewer  granules.    The  development  by 
fission  iimilai-  in  both.    When  the  egg 
is  mature,  it  continues  to  be  pale  and 
transparent.  The  red  eye-speck  exhibits 
itself;  but  the  maxillary  apparatus,  seen 
in  the  female  ovum,  is  wanting.  Un  the 
other  hand,  two  or  thi-ee  heaps  of  dark 
OTamdes  occm-,  not  seen  ii.  the  females. 
The  embryo  escapes  from  the_  ovum 
bv  a  ti-ansverse  ruptui-e,  and  is  tlien 
seen  to  have  a  different  contom-  from 
the  female.     It  is  but  one-third  the 
size  of  the  latter,  being,  when  extended, 
but  1-27"'  to  1-22"'  long,  _  and  from 
1  60"'  to  1-55'"  broad.    It  is  destitute 
of  a  fii-m  lorica ;  short,  cylindrical ;  pro- 
longed anteriorly  into_  a  short  head, 
seplrated  by  a  constriction  from  the 
ti-unk ;  prolonged  posteriorly  into  a,  short 
Sd  Aot  about  one-fifth  the  lengt^ 
of  the  body.   Head  crowned  by  a  flat- 
tened disc,  with  a  wide  expanding  mar- 
gin, clothed  with  long  vibmting  cil  a 
Ind  a  few  non-vibratile  bristles.  Cilia 
moving  with  exti-aordinary  velocity,  pre- 
venting many  being  seen  at  once ;  but  a 
Uttle  sti-ychiine  added  to  the  water 
checks  their  action  and  facilitates  their 
obsei-vation.  No  mouth  is  present;  hence 
the  ciliary  wreath  is  not  twined  inwards 
at  the  oral  fissure ;  the  alimentary  appa- 
ratus is  whoUy  wanting.    A  large  pyri- 
form  vesicidar  testicle,  1-100"'  m  length, 
occupies  the  middle  of  the  body;  it  is 
filled  with  small  dark  moving  spenna- 
tozoa.    The  wall  of  the  testicle  is  vei-y 
thick,  and  elongated  at  its  upper  extre- 
mity into  a  thick  cylindiical  band,  which 
is  attached  to  the  cephalic  disc.  i:;os- 
teriorly  the  testicle  is  striated  longitu- 
dinally, and  is  perforated  by  an  apertm-e 
onenino;  into  a  wide  spematic  duct  con- 
ducting to  the  penis.    The  latter  organ 
is  a  shbrt  tube  usually  laid  free  on  the 
foot  and  nearly  extending  to  its  exti-e- 
niitv  •  its  internal  canal  and  outer  nmr- 
gin  equally  fm-nished  mth  vibratile  cilia. 
The  foot  "is  transversely  wi'inkled,  and 
ends  in  two  small  toes.    Near  the  root 
of  the  penis  are  two  club-shaped  glands 
which  pour  their  secretion  into  its  cana  ; 
neax  tJese  is  also  a  contractile  vesicle 
with  two  water-canals  and  then  ap 
pefdellgs.    Several  f^'^^l^ 
iodies  occur  near  the  head,-the  In^^^^^^ 
of  these,  the  supposed  cerebral  enngnon 


supporting  the  eye-spot,  iwo  or  three 
vesicles  of  uncertain  character,  hUed 
with  dark  granules,  rest  on  the  testicle 
near  its  lower  end.  The  males  are  much 
rarer  than  the  females,  and  are  not  seen 
after  the  end  of  May.  In  fresh  and 
braclrish  waters.  Length  of  females 
from  1-96"  to  1-72".  (xxxix.  10-20; 
XL.  20-23.)  .  _  . 

B.  ruhens  (B.  urceolam,  M.).— Lonca 
smooth,  with  six  sharp  spines  m_  front, 
posteiiorly  rounded;  the  body  is  red. 
1-50".  Daiardin  supposes  this  to  be  a 
variety  of  B.  icrccolans.  Leydig  recog- 
nizes its  distinctness,    (xxxvni.  7.) 

B  MitUeri  (Ilullei-'s  JBrachiomis). — 
Lorica  smooth,  with  six  obtuse  spmes  m 
front,  two  short  ones  behind,  resemblmg 
papillEe.  This  species  is  somewhat  larger 
than  B.  urceolans,  oad  has  peculiai-ly- 
shaped  frontal  spines.    The  margm  ot 
the  chin  (brow)  is  smoothly  truncate, 
with  three  faint  indentations.  Ihe  lorica 
is  veiy  transparent.    1-60".  According 
to  INli-.  Gosse;  the  B.  heptatomus  found  m 
sea-water  is  identical  with  this  species, 
(xxxxx.  13.)  . 

B.  hrevispimis.—Loxic&  smooth,  having 
six  acute  imequal  spines  m  front,  and 
foul-  stout  spines  posteriorly,  the  two 
inner  ones  short;  two  sexual  gla&ds  and 
a  conti-actde  vesicle  are  present.  In 
slow  running  clear  water,  ^^ath  Oon- 

fervffi.    1-66".  .  i,  u, 

■Q.BaheH  (M.).— Lorica  rough,  itb 
middle  tessellated  on  the  dorsal  surface ; 
six  imequal  acute  teeth  anteriorly,  two 
elongated  (lateral  and  dorsal)  spines 
posteriorly,  and  short  ones  at  the  sheath 
of  the  foot.  The  lorica  is  covered  with 
delicate  grannies ;  those  upon  the  middle 
of  the  venti-al  smface  are  aiTanged  m 
parallel  but  somewhat  cm-ved  Imes. 
i-220"  to  1-60".   (xxxvm.  8,  9,  iU-i^ , 

^"The  following  interesting  observa- 
tions as  to  the  development  of  this  spe- 
'  des  h^ve  been  conmiunicated  to  me  by  a 
fr  end,  an  accurate  and  dil  gen  obsen-er 
of  natui-e:-About  two  o'clock  B.  Ba- 
triv^^B  observed  with  one  egg  placed 
externaUy  between  the  two  posterior 
spSes  of  the  shell,  and  another  sim-dl 
7J^Z  the  left  side  of  the  animal,  which 
Screased  much  in  size  m  the  course  of 
tiie  dav.    At  nine  in  the  eveumg.  a 
motio^^vas  perceived  in  the  exterior 
niouou  Nvi«>  H   „cp.,lnr  resonhaous 


S;niLlatKTmusciaar.soph^^^ 
o?^the  parent;  and  about  this  time  the 
internal  egg  was  protruded  and  placed 
by  the  sicTe  of  the  other,  benig  longer 
than  it.  At  eleven  the  young  Brach^oms 
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burst  with  a  bouiid  from  the  egg  in 
whidi  the  motion  was  perceived,  and 
affixed  itself  by  its  tail  to  the  lunette. 
At  first  it  had  the  appearance  of  an 
oblong  ball ;  by  degi-ees  the  anterior  part 
spread,  and  the  wheel  processes  were 
developed.  Soon  after,  the  posterior  shell- 
processes  were  visible  in  a  semilimar 
shape,  with  the  points  nearly  touching 
each  other,  which  gi'aduaUy  expanded. 
The  shell  of  the  egg  remained  attached 
to  the  pai-ent  in  the  same  position,  quite 
transpai-ent,  with  a  longitudinal  split 
thi'ough  the  whole  length."  (Brightwell, 
op.  cit.) 

B.  poll/acanthus  (M.). — Lorica  smooth, 
having  anteriorly  fom*  long  dorsal  teeth 
or  spines,  six  short  ones  at  the  margin 
of  the  chin  (ventral),  and  posteriorly 
five  dorsal  spines,  the  two  external  or 
lateral  ones  very  long,  xxx^^  499-601 
represent  dorsal,  side,  and  imder  views 
of  this  animal, — the  first  having  the 
wheels  extended,  and  the  side  view 
showing  the  siphon  or  .  so-called  respi- 
ratory tube  and  an  ovnm  attached. 
Length,  without  spines,  1-110".  xxxvm. 
14,  15  represent  diagi'ams  of  the  head. 

B.  militaris.  —  Lorica  vrith  surface 
divided  into  twelve  regular  pentagonal 
facettes,  according  to  Cohn ;  its  anterior 
border  with  several  spinous  processes; 
and  posteriorly  is  a  deep  median  ex- 
cavation with  a  ciu'ved  horn  on  each 
side.  The  spines,  10  in  number  (not  12 
as  affirmed  by  Ehrenberg),  viz.  2  lateral, 
4  abdominal,  and  4  dorsal,  the  latter  the 
largest ;  head  larger  than  that  of  S.  ur- 
ceolaris,  expanded  in  a  funnel-shaped 
manner,  sun-oimded  by  a  circlet  of  cilia ; 
its  eversion  is  checked  by  the  stifi'  spines 
of  the  lorica.  Foot  smaller  and  shorter 
than  in  B.  urceolaris.  OEsophageal  bulb 
quadi-angular.  On  each  spine  forming 
the  outer  posterior  angle  of  the  lorica  is 
a  circular  pit  with  well-defined  margin  ; 
from  this  proceeds  a  bunch  of  short 
bristles.  Muscles  of  foot  and  head  stiiped 
transversely.  Contractile  sac  very  large, 
occupjdng  two-thirds  of  the  abdominal 
cavity  on  the  right  side  of  the  animal ; 
it  consists  of  two  chambers,  the  ovate 
posterior  onu  being  the  larger,  their  con- 
tractions being  alternate ;  the  posterior 
one  opens  into  the  cloaca  by  a  short 
duct.  On  mingling  colom-ed  matter  with 


the  water,  Cohn  observed  that  on  each 
systole  or  contraction  a  stream  escaped 
from  the  sac,  through  the  cloacal  open- 
ing, and  that  on  the  diastole  this  move- 
ment was  reversed,  indicating  a  respi- 
ratory action,  (xxxix.  21,  22  represent 
the  abdominal  and  dorsal  surfaces  of  the 
female.)  The  ova  are  of  three  sorts  : — 
1.  Winter  ova,  1-21"' long,  1-33"'  wide, 
elliptic,  with  thick,  leathery,  opaque 
walls,  the  yelk  not  occupj-ing  the  poles 
(xxxix.  23) ;  2.  Ordinary  or  summer  ova, 
of  similar  dimensions,  but  with  thin 
ti'ansparent  walls  ;  3.  Male  ova,  only 
1-34"'  long  and  1-42"'  broad  (xxxrx. 
24).  Shell  thin.  Yelk  subdividing  in 
the  usual  way,  and  developing  an  em- 
bryo provided  with  a  red  eye,,  and  two 
dark  specks,  but  no  maxillary  organs. 
Cohn  saw  only  one  specimen  freed  from 
the  egg,  and  that  imperfectly.  It  ap- 
peared similar  to  the  male  of  B.  ur- 
ceolaris. 

B.  Oon  (Gosse).  —  Lorica  ovate,  the 
back  swelling  with  a  unifonn  cm've,  by 
which  it  is  distingidshed  fi'om  B.  Bala, 
which  is  ti'uncate  or  slightly  clavate 
posteriorly ;  anterior  spines  fom",  straight, 
wide  at  the  base,  and  poiuted ;  the  occi- 
pital pair  taller  than  the  lateral.  Lorica 
1-125". 

B.  Dorcas. — Lorica  ovate  or  sub-coni- 
cal ;  occipital  edge  vrith  fom'  long  slender 
spines,  the  middle  pair  curving  forwai'ds, 
and  bent  first  fi'om,  and  then  towards 
each  other,  like  the  horns  of  an  antelope ; 
mental  edge  imdulated,  with  a  notch  in 
the  centre.  Lorica  1-60".  (xl.  11  re- 
presents a  newly-bom  female,  and  fig.  12 
a  newly-bom  male.) 

B.  angulaiis.  —  Lorica  in  the  female 
hexagonal-oval  in  the  dorsal  aspect;  occi- 
pital edge  with  two  small  teeth,  divided 
by  a  roimded  notch  (in  some  specimens 
there  are  obsolete  traces  of  a  lateral 
pair)  ;  mental  edge  slightly  undulated, 
sometimes  with  two  low  points,  divided 
by  a  notch  like  the  occiput,  but  still 
more  faintly;  posterior  extremity  with 
two  short,  blunt,  well-marked  processes. 
The  general  surface  is  roughened  with 
angular  lidges,  and  is  sometimes  sub- 
opaque  and  brown.  Lorica  1-200".  This 
curious  species  has  relations  with  Noteiis 
and  with  Ptvrodina.  (xL.  19  represents 
a  male  of  this  species. ) 


Gcuu.s  PTEEODINA.— The  ^vingcd  Rotatoria  include  such  Bracliioufea  as 
liave  two  frontal  eyes  and  a  simple  styliform  foot  projecting  from  the  middle 
of  the  body.  All  the  species  have  a  smooth,  fiat,  and  soft  lorica,  like  a  tor- 
toise-sheU,  with  curved  margins  ;  as  also  a  more  or  less  double  rotary  nppa- 
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ratus,  and  a  simple  foot  with  a  suction-disc  and  sometimes  a  bunch  of  ciha 
at  its  extremity.  P.  elliptica  has  a  hairy  process  projecting  between  the  two 
lobes  of  the  rotary  organ,  and  P.  Patina  has  a  rounded  prominence  in  a  similar 
position  on  the  dorsal  surface.  Muscles,  often  transversely  stnated,  occur  in 
aU  the  species,  as  also  a  constricted  ahmentaiy  canal  with  glandular  appen- 
dages and  aa  ovarium.  Some  have  a  contractHe  vesicle  and  a  water-vascuiar 
system 


Ptehodina  Patina  (Bracliionus  Pa- 
tina, M.).— Figm'e  round,  or  oval  com- 
pressed.   Lorica  membranous,  _  crystal- 
line,  somewhat  scabrous  neai-  its  broad 
mai-gia,  and  slightly  excavated  anteriorly 
between  the  two  lobes  of  the  rotary 
organ.    The  latter  not  double,  as  de- 
scribed by  Ehrenberg,  but  with  an  an- 
terior and  posterior  depression,  from  the 
latter  of  which  extends  a  single  rounded 
process.    Cilia  m  two  rows,  prolonged 
to  the  oesophageal  bulb.  Stomach  ciliated 
internally,  widely  expanded  posteriorly. 
Short  intestine  also  ciliated,  and  tei-mi- 
nating  at  the  base  of  the  foot.  Two 
pyriform  glands  in  front  of  the  stomach. 
Two  red  specks  opposite  the  margm  of 
the  rotary  organ  ;  then-  red  pigment  has 
a  sharp  spherical  figiu-e ;  accordmg  to 
Leydig,  an  obvious  refracting  body  pro- 
iects  from  the  anterior  convex  edge  oi 
each.    Two  large  longitudinal  muscles. 
On  each  side  of  the  stomach  a  water- 
vascular  canal,  but  without  either  tags 
or  contractile  sac.    Ovaiy  horseshoe- 
shaped.  Fi-ee  exti-emity  of  the  foot  with 
a  bundle  of  setse.         _  -r,  ^  4. 

This  animal  was  noticed  by  Perty  to 
have  the  peculiarity  of  assummg  an  ap- 
parently lifeless  state  for  half  an  hour  or 


an  horn-  at  a  time,  lying  m  one  spot, 
often  on  the  smface  of  the  water,  -svith 
no  other  sign  of  life  than  that  afibi;ded  by 
movements  of  the  oesophageal  cilia,  and 
occasionally  of  the  jaws. 

This  species  is  very  delicate  and  tran- 
sparent. XXXV.  502  represents  a  side 
view,  and  503,  504  under  views,— the 
latter  having  the  wheels  extended,  the 
former  having  them  withdrawn,  and  the 
anterior  margin  bent  in,  so  that  the  eyes 
appear  near  the  middle  of  the  lonca. 
The  internal  organization  is  further 
shown  in  xxxvm.  29.  Found  in  sum- 
mer among  LemncB  and  Ceratophylla. 
Length  about  1-120". 

P.  elliptica.— Loric&  membranous,  el- 
liptical, with  a  narrow,  smooth  margia, 
fi^nt  enthe  (not  excised).  The  two 
wheels  united  by  a  brow  furmshed  with 
setss.  Eyes  distant.  Amongst  Con- 
ferv£e.    1-120"  to  1-108". 

P.  clypeata  (Bracliionus  chjpeatus,  JM.). 
—Lorica  membranous,  oblong,  narrow, 
smooth  at  the  margm ;  there  is  a  frontal 
nortion,  or  brow,  connectmg  the  two 
wheels,  but  no  setae.  The  eyes  appro^- 
mate.  (xxxv.  505  a  dorsal  view,  with 
the  wheels  extended.)  In  sea-water. 
Length  1-120" ;  the  shell  1-144". 


The  next  genus,  PompUlya^,  instituted  by  Mr.  Gosse,  is  considered  by  him 
to  he  a  member  of  this  family. 

the  lorica  to  a  round  flat  smelling-bottle. 


to  a  central  blunt  pomt;  mental  ridge 
with  t^vo  rounded  lobes,  divided  by  a 
central  notch.    Lorica  1-300". 


PoMPHOLYX  complanata.  —  Lorica 
much  depressed,  nearly  cu-cular,  with 
the  lateral  edges  rounded;  anteriorly 
truncate ;  occipital  edge  gradually  rismg 

Of  the  onsuing  genera,  eatabUshed  by  Ehrenberg  we  toe  0^^  met  with 
the  description  of  species ;  of  one,  indeed,  with  only  a  sKeten 

B^hSSiijs^as  ^^^^^^^^^^^^ 

each  side  the  mouth,  with  two  fiontal 
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Genus  TETRASIPHON  (Ehr.).— We  have  not  met  with  the  detail  of  the 
generic  characters,  but  they  may  be  gathered  from  the  description  of  the 
following  species : — 

Tetrasiphon    Hydrocora.  —  Very  dentate,  with  the  oblique  rotary  organ 

large,  hyaline,  mth  two  prominent  tu-  oi  Fleurotrocha.   Foot  with  slender,  long 

bnlar  occipital  organs,  and  other  two  and  acute  toes;  eye  occipital.  Length 

near  the  termination  of  the  back ;  pan-  1-36"  and  upwai-ds.  Berlin, 
creatic  glands  fom",  globose;  jaws  bi- 

Genus  DIPODINA. — Characters  unknown. 


DrpoDiNA  Artiscon  (Ehr.)  (Mentioned 
in  Reports  of  Zoology,  Ray  Society). — 
Approaches  Notommata,  but  differs  by  a 


particular  constriction  of  its  tarsal  nip- 
pers (toes).  Found  by  Ehi'enberg  at 
Wismai",  on  the  Baltic. 


The  genus  PoiYCHiETTis  (XXXVIII.  31,  32)  of  Perty  is  supposed  by  Leydig 
to  be  a  Crustacean.  Cyphonatjtes  is  also  regarded  by  the  same  observer  as 
dubious ;  whilst,  as  we  have  ah-eady  observed,  he  regards  Ptygura  and  Qleno- 
phora  as  undeveloped  forms  of  other  species. 


OF  THE  GROUP  TAEDIGRADA. 

The  creatures  thus  named  are  introduced  here  as  a  group,  inasmuch  as  they 
cannot  be  included  amongst  the  Rotatoria.  Some  remarks  on  their  organiza- 
tion will  be  found  in  Part  I.  (p.  482)  of  this  work ;  and  here  I  shall  introduce 
further  particulars,  chiefly  derived  from  the  first  edition  of  this  work  (1834), 
p.  182,  and  from  Dujardin's  Hist,  des  Infusoires,  p.  661.  They  have  oblono- 
bodies,  contracted  into  a  ball;  furnished  with  four  pairs  of  short  feet  or 
mammiUiform  processes,  each  terminated  by  simple  or  double  hooked  claws ; 
mouth  very  narrow,  siphon-shaped ;  with  an  internal  maxillary  apparatus 
composed  of  two  lateral  moveable  pieces,  and  of  a  strong  muscular  oesophageal 
bulb,  furnished  with  hom-like  dental  articulated  processes. 

The  Tardigrada  stand  on  the  one  side  between  the  Rotatoria  (Systolides, 
Duj.)  and  the  Hehninthidae,  and  on  the  other  between  the  Annelida  and 
Arachnida. 

These  creatures  are  usually  foimd  attached  to  aquatic  plants  which  float 
upon  still  water.  I  first  obtained  them  from  ponds  in  the  Regent's  Pai'k. 
By  placing  some  water  A\dth  the  plants  in  a  common  white  hand-basin  and 
shaking  the  vegetation,  they  are  detached  and  faU  to  the  bottom  of  the  basin 
from  whence  they  are  readily  taken.  They  are  generally  met  with  in  com- 
pany with  the  larger  Idnds  of  Rotatoria,  in  moss.  They  are  very  sluo-oish  in 
their  movements,  and  are  commonly  known  under  the  name  of  "  Uttle°water- 
bears."  Under  the  polarizing  microscope  the  manducatory  apparatus  exhibits 
the  same  appearance  as  horn.  They  are  capable  of  resuscitation  after  being 
dried.    They  vary  m  length  from  1-20"  to  1-50". 

M  Doy^re,  in  an  elaborate  Memoir  in  the  'Annales  des  Sciences/  has 
divided  the  Tardigrada  into  four  genera :  

Genus  EMYDITJM.— Body  oval,  anterior  part  narrow,  and  terminating  in 
a  pointed  mouth,  near  to  which,  on  each  side,  are  flesh-like  papilhu.  feet 
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armed  with  four  distinct  claws ;  colour  reddish.  Found  among  moss  {Bryum). 
(Pigs.  1,  2.) 

Genus  MACROBIOTUS.— Body  more  cylindrical ;  obtuse  anteriorly ;  no 
set£E ;  each  foot  fiu-nished  with  two  claws.  Found  with  the  precedmg  ;  also 
in  rivulets.    (See  fig.  6.) 

Genus  TAEDIGEADA.— Body  stout,  oblong ;  mouth  not  so  sharply  pointed. 
Found  in  stagnant  water,  on  aquatic  plants,  and  on  the  Hypnum  JluUam. 
(See  figs.  3,  4,  5.) 

Genus  MILNESIUM.— Characters  unknown. 

For  further  particulars  consult  the  General  History,  at  p.  482  of  tHs  work. 


TAUDIGBADA,  OR  LITTLE  WATEII-BEAI13. 
Fig.  1.  .30  <>i>™ti  "S.^^H<^  °VHeSTt.rf»tiS 
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OF  THE  GROUP  BACILLARIA. 

Sub-group  DESMIDIEiE  oe  DESMIDIACEiE. 

(Page  1,  Plates  I.,  II.,  III.,  XVI.) 

[Class  Alg^,  Order  Chloros^ermecB,  Family  Desmidiacece  of  Botanists.] 

Cells  of  two  symmetrical  valves,  devoid  of  silex,  mostly  figured,  their  junc- 
tion marked  by  a  pale  interruption  of  the  endochi-ome,  frequently  also  by  a 
constiiction ;  increasing  by  the  formation  of  two  new  half-cells,  which  become 
intei-posed  between  the  older,  so  that  the  two  newly-produced  cells  consist 
each  of  a  new  and  an  old  half-cell ;  the  transverse  division  complete  or  incom- 
plete, the  cells  thus  either  free  or  forming  a  filament ;  endochrome  green, 
occasionally  converted  into  ciliated  zoospores  (in  the  single  known  instance, 
escaping  by  an  apertm-e  at  the  apex  of  one  or  more  specially  formed  lateral 
tubes)  ;  reproduction  by  conjugation  of  the  contents  of  two  distinct  cells,  and 
the  formation  of  sporangia,  the  contents  of  which,  in  after-development,  be- 
come segmented  into  a  definite  number  of  individualized  portions,  the  last 
generation  of  which  are  set  free  by  the  bursting  or  solution  of  the  containing 
membrane,  and  become  the  first  fronds  of  a  new  vegetative  cycle. 

We  believe  the  foregoing  diagnosis  will  apply  to  and  include  aU  the  species 
which  we  look  upon  as  imdoubtedly  belonging  to  tliis  family,  and  which  are 
introduced  into  this  work.  The  claims  of  the  genera  Cylindrocystis  and 
Mesottenium,  as  true  members  of  the  Desmidiace^,  not  appearing,  so  far  as 
we  can  judge,  to  be  satisfactoiily  established,  they  ai-e  omitted. 

The  wondei-ful  vaiiety  of  foim  and  beautiful  symmetrical  diversity  of  out- 
line of  the  members  of  this  family  have  been  dilated  on  at  length  in  the 
General  History.  It  seems  to  us,  with  regard  to  the  mode  of  cell-division 
in  the  true  species  of  this  family,  that,  normally,  the  preliminary  step  in  the 
process  is  the  separation  of  the  cell-contents  and  the  formation  of  a  septum 
at  the  central  sutiu-e,  the  two  halves  of  the  contents  becoming  thus  indi- 
vidualized, whereupon  ensues  the  growth  and  extension  of  the  primordial 
utricle  and  contents,  concurrently  with  the  production  of  the  intemediate 
cell-waU  ultimately  to  fonn  the  two  new  segments,  and  either  complete  sepa- 
ration taking  place,  or  the  cells  remaining  imited  in  more  or  less  brittle 
filaments. 

Many  of  the  species,  probably  aU,  seem  to  be  liable  to  an  abnormal  mode 
of  growth,  resulting  from  the  incomplete  canying  out  of  this  process,  when 
the  new  growth  fonns  an  intermediate,  frequently  misshapen  structure,  pro- 
ducing with  the  original  segments  but  one  uninten-upted  ca\ity,— this  irregu- 
lanty  seemmg  to  be  primarily  due  to  the  omission  of  the  formation  of  the 
septum  on  the  recommencement  of  the  vegetative  growth  (III  61  62)  •  vide 
Mrs.  H  Thomas  ./.  M.  Sci.  vol.  iii.  pi.  5.  figs.  17  &  18  ;  also  M.  de' Brcb'isson, 
Liste,^  &c  pi.  1.  fig.  1.5  ;  and  Mr.  W.  Archer,  Proc.  Nat.  Hist.  Soe.  Dicb.  1859, 
vol.  u.  pi.  1.  figs  9-15.)    An  inspection  of  several  of  the  latter  figiu-es  will. 


off  at  right  angles  to  that  of  the  older  scgmcntsraslumcr  the  fornr^mToften 
the  size  of  an  entire  frond.    Sometimes,  indeed,  not  only  is  the  axis  of  growth 
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at  right  angles  to  that  of  the  original  segments,  but  its  plane  of  expansion  is 
at  right  angles  to  theii-  plane.  In  each  of  these  latter  cases  the  entire  ab- 
normal specimen,  therefore,  foms  a  cross, — the  interior  here,  of  course,  as 
weU  as  in  those  cases  where  the  intervening  growth  does  not  assume  any 
definite  outline,  making  but  one  uninterrupted  cavity  (III.  61).  The  omission 
of  the  formation  of  a  septum,  however,  can  only  be  looked  on  as  the  primaiy 
cause  of  the  aberration,  the  curious  change  in  the  direction  of  the  new  growth 
not  necessai-ily  foHowing,  as  the  figures,  pi.  1.  f.  9-11  {loc.  cit.)  seem  to 
prove  (III.  62). 

The  assertion  that  zoospores  occur  in  this  family  is  based  upon  the  observa- 
tions made  by  Mr.  W.  Archer  on  Docidium  Ehrenheryii  (EaHs),  and  recorded 
and  figured  in  Proceedings  Nat.  Hist.  Soc.  Dublin,  February  1860 ;  also  Nat. 
Hist   Review,  July  1860.     These  observations,  though  unfortunately  and 
unavoidably  not  so  full  in  their  details  as  the  interest  of  the  case  would  lead 
us  to  wish  for,  seem  to  warrant  the  assumption  that  the  species  of  this  family 
may  be  occasionaHy  propagated  by  zoospores,  predicating  of  the  family  that 
which  seems  to  hold  in  the  species  in  question  {Docidium  Ehrenhenjn).  J  edi- 
astreee  are  of  course  not  taken  into  account.    Briefly,  the  phenomenon  aUuded 
to  is  as  foUows  (HI.  46,  47)  :— From  beneath  the  base  of  one  of  the  segments, 
either  one,  two,  or  three  (the  latter  rarely)  lateral  tubercle-hke  projectaons 
are  formed,  originating  not  from  any  portion  of  the  segment  itselt,  but  from 
an  extension  thereto  produced  between  the  inflated  base  and  the  sutiu'al  hne. 
When  more  than  one  is  formed,  they  are  usuaUy  opposite.but  sometimes  side  by 
side     A  o-radual  elongation  of  the  projection  (or  projections)  then  takes  place, 
the  'endochrome  in  the  immediate  neighbourhood  becoming  finely  granular, 
and  fiUino-  what  has  now  become  an  elongate  lateral  tube  (or  tubes)  like  the 
fino-er  to  a  glove,  the  remainder  of  the  endochrome  bemg  as  yet  not  much 
altered  and  the  terminal  clear  space  with  the  active  granules  bemg  stdl  msitu 
The  endochrome  within  the  lateral  tube  and  in  its  immediate  neighbourhood 
now  becomes  segmented  into  a  number  of  definitely  bounded  individuah^ed 
portions,  which  presently  one  by  one  emerge  thi-ough  the  opened  apex  of  the 
lateral  tube,  and  become  associated  together  in  an  external  cluster.  The 
i?maining  endochrome  now  becomes  drawn  into  bands  tui-ns  bmwn,  and 
snSries.    The  cluster  of  gonidia  at  the  apex  of  the  lateral  tube  now 
appear  to  have  become  encysted  each  within  its  own  special  coat;  and  the 
Seen  contents  can  be  seen  twisting  backwards  and  forwards  mthin  the  con- 
flnino-  membrane.    After  a  time  the  contents  emerge  each  fi;om  its  cyst,  by 
rupt^ing  it,  and  slowly  swim  away  as  pyriform  or  ovate  cihated  bodies,- 
as  w^iehend,  veritable  zoospores.    The  author  was  entii-ely  unacquamted 
S  theh-  after-history;  but  they  resemble  ^ .^^'l^^^Z'^'' 

^owth,  and  mode  of  escape  from  the  parent-ceU,  the  similar  bodies  m  Cla- 
doXra  &c.,  wHch  are  indubitable  zoospores,  that  we  imagine  there  can  be 
mtle  Juestiok  as  to  the  nature  and  function  of  the  bodies  occurring  in  Doc.- 
dSm  It  ^1  be  noticed  that  this  phenomenon  is  altogether  d.stmct  fi-om, 
and  we  beh^e  in  no  way  to  be  confounded  with,  that  of  the  active  molecular 
movement  of  the  ultimate  granular  particles  of  the  endochmme  aUuded  to  at 
rJes To  and  19  of  the  General  History,-a  circumstance  which,  indeed,  some- 
Ss  accompanied  the  special  one  he^e  described,  in  Mr.  Archer  s  specimens, 
S  .ometSs  did  not,  and  which  is  one  of  very  general  occiu-rence  under 
t  To,Sanocs  and  in  other  cases,  and  ha^  probably  given  nse  to  he 
other  in  our  English  books,  that  zoospores  occm-  in  the 

assumption  often  maae  1  ^^^^         ^^^.^  ^^-^Ay  descnbcd  to 

Desmidiace^.  J^P^J^J^^^^^^^  ^he  development  of  the  parasitic  plant  Pyilunm 
XSrfiS"  nor  of  any  s^Lies  of  Chytridium  (Braun).  The 
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former,  indeed,  is  sometimes  met  with  in  various  Desmidians,  such  as  Clos- 
teriiim  Lunula,  &c.,  as  well  as  other  Algce.  For  a  figou-e  of  this  curious 
parasitic  growth  attacking  Ereniosphrem  virklis  (de  Bary)  ( =  C/iZorosp/icera 
OUveri,  Henfrey,  the  former  name  having,  we  are  inclined  to  think,  the 
priority),  vide  '  Mierographic  Dictionary,'  2nd  ed.  pi.  xlv.  fig.  8.  There  can 
be  little  or  no  doubt  that  some  such  parasite  as  that  alluded  to  attacking 
a  species  of  Closterium  has  given  rise  to  Ehrenberg's  genus  Polysolenia, 
admitted  indeed  into  the  Desmidiaceee  by  Kiitzing,  but  which  we  here  cannot 
but  exclude. 

The  act  of  conjugation  and  formation  of  sporangia  is  not  uncommonly  to 
be  met  with  in  several  species.  The  after- development  of  the  sporangium 
seems  to  have  been  but  very  rarely  witnessed;  and  the  statement  made  in  the 
diagnosis  is  foiuided  on  the  accoimt  given  by  M.  Hofmeister  (I.  c),  an  extract 
from  which  is  given  at  page  17;  also  on  the  very  similar  account  given  by 
M.  de  Baiy,  '  Untersuchungen  iiber  die  Famihe  der  Conjugaten : '  vide  pi.  6, 
showing  the  development  of  the  sporangium  of  Cosniariicm  Botrytis  (III.  48- 
54),  and  of  C.  MenegJiinii  (III.  55-60),  the  number  of  sister-ceUs  formed 
within  the  sporangiiun  being  fewer  than  in  the  instances  cited  by  M.  Hof- 
meister. But  although,  in  the  cases  cited  by  M.  de  Bary,  the  cells  resulting 
from  the  segmentation  and  individualization  of  the  contents  of  the  sporangium 
are  eventually  of  a  Cosmarium-shape,  it  is,  however,  not  until  the  yoimg 
fronds  commence  self- division  in  the  ordinary  way,  that  the  first-formed 
yoimg  segments  whoUy  assiune  the  special  characteristics  of  the  species  (III. 
52,  53,  54  &  58,  59,  60). 

The  nearest  affinities  of  this  family  seem  undoubtedly  to  be,  on  the  one 
hand  with  the  Diatomacese  (with  which  family,  indeed,  they  were  long 
associated),  and  on  the  other  with  the  Zygnemacese  (Conjugatse) ;  while  to 
the  PalnieHaceae  they  also  approach  through  the  genus  Penium,  connected 
with  Cyhndi'ocystis  and  Mesotsenium  =  Palmogloea  (Kg.). 

It  vnU  be  at  once  seen  that  the  following  arrangement  of  the  species  is  for 
the  most  part  based  on  that  laid  down  in  Ealfs's  '  British  Desmidiese,'  1848, 
in  addition  to  which  the  following  works  have  been  considted : — Kiitzing's 
'Species  Algarum,'  1849;  Nageli's  '  Einzelliger  Algen,'  1849;  Bailey's 
(Smithsonian  Contributions  to  Knowledge)  '  Microscopical  Observations  made 
in  South  Carohna,  &c.',  1850 ;  Brebisson's  '  Liste  des  Desmidie'es  observees 
en  Basse  Normandie,'  1856 ;  de  Bary  (op.  cit.),  1858 ;  Papers  in  '  Nat.  Hist. 
Review,'  by  Eev.  E.  V.  Dixon  and  by  Mr.  Archer,  1858-60.  The  fij-st  and 
second  of  a  series  of  papers  by  Dr.  G.  C.  WaUich,  P.L.S.,  descriptive  of  some 
beautiful  and  interesting  species  of  DesmidiaccEe  collected  by  him  in  Beno-al, 
had  just  made  their  appearance  ('  Annals  Nat.  Hist.'  March  and  April  I860) 
when  we  were  obUged  to  go  to  press.  It  has  seemed  to  us  more  advisable  to 
on.it  any  description  of  those  species  than  to  introduce  a  few  only  without 
having  It  m  our  power  to  do  so  with  the  whole.  In  indicating  the  sources 
whence  we  have  been  able  to  derive  information  as  to  foreign  species,  it  is 
our  pleasing  duty  to  acknowledge  the  generous  and  courteous  assistance  of 
M.  de  Brebisson  m  afforchng  by  letter  the  requisite  information  whicli  that 
distmguished  and  expenenced  obsei-ver  has  so  largely  at  his  disposal,  and 
without  which  our  own  acquamtance  with  the  Continental  forms  not  known 
m  this  country  would  have  been  far  more  circumscribed. 

The  following  genera  included  in  this  family  by  Kiitzing  in  'Species 
Algarum  are  here  excluded,  as  we  conceive  either  that  they  arc  not  truly 
Desmichan,  or  the  unnecessary  splitting  up  of  older  genera :— 

Trochiscia,  excluded ;  Tetraedi-on,  excluded  ;  Pithiscus  =  Ooi^marium  pyra- 
mulatum  (Breb.);  Stauroceras  =  Closterium,  in  part;  Polysolenia  (/j=a 
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Closterium  attacked  by  a  parasitic  growth  (?) ;  Microtheca,  excluded  ;  Poly- 
edi-ium,  excluded ;  Zygoxanthium  =  Xanthidium,  m  part ;  Phycastrum,  Aste- 
roxanthium,  Stephaiioxan.tliium,=Staurastrum ;  Grammatonema,  a  diatom; 
Ba.mh\ism&'=  Didymoprium  Borreri;  Istlimosira=Spha3rozosma  ;  Eucampia, 
a  diatom;  Geminella,  excluded ;  Raphidium  =  Ankistrodesmus ;  Oocardium, 

GXClU-d-GCl  ■  . 

The  other  genera  included  by  Kiitzing  are  placed  here  as  a  distinct  group, 

Didvmocladon  (Balfs)  seems  not  distinguished  from  certain  Staurastra  by 
characteristics  sufficient  to  separate  it  from  them ;  we  have  therefore  united 
them,  in  which  we  foUow  Brebisson.         ,  ,  ,  ,  -o      f     a  a 

As  to  the  new  or  altered  genera  proposed  by  Nageh  and  de  Baiy,  foimded 
rather  on  the  mode  of  disposition  of  the  endochi-ome  than  on  the  external  form 
althouo-h  we  do  not  ventiu-e  to  deny  its  probably  great  importance,  yet  it 
seems  to  us  that  the  characters  reUed  on  are  in  many  instances  not  sufficiently 
constant  for  the  purpose,  as  weU  as  that  several  of  the  known  Desmidian 
speeds  c^^^^^^^  indubitably  refeiTcd  to  the  particular 

™  to  which,  judging  ft-om  analogy,  they  ought  to  belong ;  neither,  indeed 
does  it  seL,  so  far  as  we  can  judge,  that  those  writers  are  themselves  satLsfied 
as  to  the  p^er  place  of  ceriL  species,  nor  does  the  system,  as  jet,  ai^pear 
miite  without  the  disadvantage  of  disassociating  kindred /onns.  We  beheve 
we  ai-rfortiiied  in  the  opinio?  we  here  endeavoui-  to  express  by  that  of  M.  de 
Ssson  The  genera  Cylindrocystis  and  Mesotsemum  are  here  omitted  from 
ids  fSy  as  their  claims  to  admission  scarcely  seem  as  yet  mdubitable ; 
moreov^  there  seems  to  us  Httle  certainty  as  to  the  limitation  of  the  species 

"^^J^::^^^^^  clescribed  by  the  vaiious  autho. 
before  cited  itTfrom  a  conviction  that,  when  either  no  satisfied  as  to  then- 
nSnlute  dS'tSctaesR,  or  unfui-nished  with  what  we  could  look  upon  as  suffi- 
absolute^tocmess,  ^^^^^  ptn-sue,-as  it  seemed 

to  u^letlr  to  lea?e^7^^^^^^  than  to  insert  them  with  a  description 

.wTtio-  most  likelv  to  oui'  own  want  of  perception,  might  prove  msuf- 
which  owing  most  ^^^/y  ,     ^  ^^^1  g^me  may  think  we  have  admitted 

t::tLTeZ  :n,  ?h\    eSS  of  t  foi^s  hLafter  described  ma,  ,e 

^"ASotmlSr'i^cl^  expressing  by  means  of  ^^mbols  the  ex^ 
teitalXSSic  fonns  of  the  gene-J—  St Ss^t' 
r         Zn:^  v.  ^  the  best  that 

-t^i:  ttpS  mode  of  di^sionCin  t^e  gene^^^^^^^^^^ 

subcl^v^s^onSr^^^e^'^^^^  two'basal  lobes  ;  the  second  includnig 

uig  across  tl^^^^^^'^'^J  the^third,  the  extreme  or  end  lobe.  Tins  last,  or  tlurd 
the  median  lobes  ^^^^  ^^^^Xt  two  former  are  frequently  represented 
subdinsion,_i8  the  most  c^^^^  indentation  where  the  third  is  distinctly  devc- 
^^\'^T:Z^!S^erlnrZ  first  subdivision  distinct,  and  the  second  and 
loped;  ^^^X.,irsenarated.  The  whole  three,  indeed,  maybe  merely mai-ked 

l^siiKn^o^^^^^^^  — 
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is  the  third.  And  this,  I  may  ohserve,  is  the  order  of  development  of  the  sub- 
divisions in  the  growing  segment  of  the  typical  Micrasterias  :  the  new  seg- 
ment is  fli-st  hemispherical;  the  tliird  subdivision  is  then  developed;  and 
afterwards  the  fli'st  and  second  are  separated. 

"  For  the  purposes  of  description  those  three  subdivisions  might  be  denoted 
by  the  letters  a,  b,  c,  and  their  partial  or  complete  development  marked  as 
follows : — When  the  subdivisions  are  distinctly  separated,  their  symbols  might 
be  separated  by  commas,  thus,  a,b,c;  when  any  two  or  more  are  merely 
marked  by  a  sinuosity,  they  may  be  represented  thus,  a'~^b  ;  and  if  there  is 
no  trace  of  separation,  thus,  ab ;  and  if,  at  the  same  time,  the  direction  of  the 
lines  separating  the  subdivisions  were  noted,  the  full  description  as  regards 
the  divisions  of  the  segments  would  be  given.    Thus —  [See  page  721.] 


CONSPECTUS  OF  THE  GENERA. 


a 
o 

i 

_o  o 

-S  - 
a  ^ 


/Joints  many  times 
longer  than 
broad  ;  neither 
constricted  nor 
with  lateral  teeth 
or  projections. 


''Pilament  not  at- 
tached   


.a 


Joints  mostly 
broader  than 
long,  seldom 
slightly  longer 
than  broad;  more 
or  less  con- 
stricted, or  with 
lateral  teeth  or 
angles,  or  other- 
wise figured  . . 


Filament  attached, 


/FUament  cylindri 
cal  or  subcylm 
drical   


^Joints  not  con- 
stricted   . . . 


Joints  more  or 
less  deeply 
constricted 


/Endochrome  arranged 

in  spiral  bands  

■{  Endochrome  a  simple 
central  longitudinal 
(  contracted  band  . . . 
r  Endochrome  a  single 
<     longitudinal  flatten- 

[    ed  band  

''Joints  constricted  or 
with  a  projecting  an- 
nular rim  at  one  or 

both  ends   

Joints  with  a  bidentate 
process  or  angle  at 

opposite  sides   

Filament  3-4-angu- 
lar  ;  joints  having 
the  external  margin 
plane  or  slightly  cre- 
nated,  united  to  each 
other  by  projections 
springing  from  the 
outer  portion  of  each 
extremity,  thus  pro- 
ducing intervening 
I  central  foramina  . . . 
/  Filament  3-4-angu- 
lar  or  compressed ; 
joints  either  closely 
united  by  a  thick- 
ened border  for  their 
entire  end-mai-gin, 
or  by  projections 
producing  interven- 
ing central  foramina, 

i     as  in  last   

Filament  compressed ; 
joints  united  to  eacli 
other  by  minute  tu- 
bercles or  gland- 
like processes   

Filament  compressed 
or  3-angular ;  joints 
without  intermedi- 
ate tubercles  or  pro- 
cesses  


Genicularia. 
gonatozygon. 
Leptocystinema. 

HyAIiGTIIBCA. 
DlDYMOPRIUM. 


ApTOQONUjr. 


Desmidium. 


Spii^rozosma. 


SpoNnYr,o.siuM. 
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'  Fronds  deeply  con- 
stricted ;  seg- 
ments more  or 
less  deeply  lobed, 
or  if  merely  un- 
dulate or  taper- 
ing, the  ends 
acutely  notched.. 


TETRACHASTnUM. 


MlCnASTERIAS, 


'Prond  often  as 
broad  as  long, 
rarely,  if  ever,  as 
much  as  three 
times  longer  than 
broad.  Sporan- 
gia mostly  orbi- 
cular and  spi- 
nous, rarely  orbi- 
cular or  quadrate 
and  naked   


I 


a 

o 
O 


Frondmostlymany 
times,  rarely  less 
than  three  times, 
longer  than 
broad.  Sporangia 
smooth  {Penium, 
annulatum  and 
SpirotcBuiia  mus- 
cicola  are  some- 
times not  more 
than  twice  as 
long  as  broad)... 


(  Segments  3-lobed,  lateral 
lobes  attenuated,  their 
apices  entire  or  bifid. . . 
Segments  3-5-lobed,  la- 
teral lobes  expanded, 
incised,  their  external 
margins    dentate  or 

rarely  sinuate   

Segments  3-5-lobed,  or 
sometimes  only  late- 
rally emarginate  or  si- 
nuate,   undulate  or 
tapering ;  lateral  lobes 
rounded,  entire,  or  si- 
nuately    emarginate  ; 
end-lobe  mostly  cen- 
trally emarginate  or 
concave,  the  segments 
with  variously  disposed 
inflated  circular  promi- 
nences (the  two  latter 
characters  never  simul- 
taneously absent*)  ...  EUASTRUM. 
Segments  not  lobed,  en- 
tire, mostly  rounded, 
rarely  undulate  at  the 
margin,    ends  never 
emarginate,  sometimes 
vnth  a  solitary  central 
inflated  prominence  on 
each  front    surface  ; 
without  spines  or  pro- 
cesses  •  • 

Segments  compressed, 
entire,  spinous,  with  a 
central  circular,  cylin- 
.(     drical,  or  conical  pro- 
jection on  both  front 

surfaces  

Segments  compressed,  en- 
tire, either  with  two  or 
with  four  acute  teeth 
or  simple  or  geminate 
subulate  spines  placed 
on  the  external  angles 
or  prominences,  with- 
out a  central  projec- 
tion   

Segments  in  e.  v.  angular 
^    or  radiate  

^Segments  in-  f  Ends  ti-Uobed. 
flated  at  the  \ 

base   [Ends truncate. 

Segments  not 
inflated    a*   „  .      ,  ,  . 
the  base  ...    Ends  notched. 
Frond  ciu-ved  or  arcuate, 

not  constricted          •  • 

Frond  straight,  ends 
truncate  or  rounded, 
scarcely  or  not  at  aU 

constricted   ••• 

Frond  straight  or  nearly 
so,   endochrome  spi- 

[^    rally  twisted  

*  madnm  crenatim  (Kg.)  is  perhaps  an  exception. 


Fronds  distinctly, 
mostly  deeply, 
constricted;  seg- 
ments mostly  en- 
tire, or  if  some- 
what undulate, 
the  ends  not 
notched   


COSMARIUM. 


Xanthidium. 


Frond  dis- 
tinctly con- 
stricted at 
the  middle. 


Frond  either  not  at 
all  constricted,  or 
with  a  slight  and  _ 
gradual  attenua-  ' 
tion  towards  the 
middle  


Artheodesmus. 
Stacrasteum. 
Triploceras. 
docidium. 

Tbtmemorus. 
Closterium. 

Penium. 
Spirot-bnia. 
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\^FrovisionaUy  included.'] 
Cells  elongate,  attenuated,  entii-o,  aggregated  into  faggot-like  bundles...  Ankistrouesmus. 
Cells  rounded,  compressed,  deeply  constricted,  etipitate    Cosmocladium. 


"  Euastrum  cuneatmn  would  be  represented  by  a^b'^c. 
Euastrum  phivxiium,       „  „  a,  h,  c,  parallel. 

Euastrum  ohlongum,       „  „  a,  h,  c,  subradial. 

Micrasterias  denticulata,  „  „  a,   b,  c,  radial. 

Euastrum  pectinatum,      „  „  a^b,  c,  parallel. 

Tetraehastrum  „  „  ab,  c,  parallel." 


The  following  conti'actions  axe  employed,  which  may  require  explanation : — 
f.  v.,  front  view  ;  s.  v.,  side  view ;  e.  v.,  end  view  ;  tr.  v.,  transverse  view ; 
e.  f.,  empty  fi-ond;  L.,  length,  B.,  breadth,  of  frond.  The  measurements  are 
expressed  in  so  many  fractions  of  iuch  by  the  use  of  two  acute  marks,  thus, 
L.  1-598"  =  length  of  frond  g-^th  of  an  iuch.  In  most  of  the  foreign  species 
we  are  without  the  data  to  give  measurements.  G.B.,  Great  Britain  ;  I.,  Ire- 
land ;  F.,  Prance ;  G.,  Gennany ;  U.S.A.,  United  States  of  America,  refer- 
i-iag  to  the  record  of  the  occurrence  of  the  species  in  those  countries.  It  is 
beheved  that  even  this  rough  attempt  at  an  iudication  of  the  distribution  of 
these  organisms  may  not  be  altogether  without  its  use.  Doubtless  many  occur, 
and  perhaps  different  forms,  in  other  countries  of  Europe ;  and  information 
is  much  wanted  iu  this  respect  as  to  other  parts  of  the  world. 

Where  a  species  occurs  under  another  name  in  the  works  above  cited,  we 
have,  as  far  as  possible,  given  the  synonym,  but  should  it  occur  there  under 
the  same  name,  it  is  not  repeated. 

The  characters  printed  in  italics  are  such  as  immediately  distinguish  each 
species  from  its  nearest  aUies,  and,  the  genus  being  known,  are  probably 
those  which  should  be  first  consulted ;  but  it  is  always  requisite  to  peruse  the 
whole  of  the  characters  applicable  to  each  species  and  genus,  with  a  view  to 
render  the  identification  accurate. 


A.  Plant  an  elongated  jointed  filament.    Sporangia  orbimlar,  smooth. 
1.  Joints  many  times  longer  than  broad. 

Genus  GENICULAEIA  (De  Bary).— Filament  cylindrical ;  joints  elongate, 
cylindrical,  without  a  constriction  or  inflation,  ends  truncate;  endoclirome 
arranged  in  two  or  three  spiral  hands  upon  the  ceU-waU,  sometimes  iiTegular. 
Joints  previous  to  conjugation  disunited,  and  bent  during  the  process  ;  spo- 
rangium placed  between  the  empty  conjugated  joints. 

GENiciTLAniA  spirotcenia  (De  Bary). 
—  Joints  ten  or  twenty  times  as  long 
as  broad,  very  slightly  enlarged  towards 
their  ends,  on  the  outer  surface  rough 
with  minute  scattered  granules.  Spo- 


rangium orbicidar,  smooth,  placed  be- 
tween the  conjugating  joints,  which  ai-e 
bent  into  a  knee-shape,  with  which  it 
remains  for  some  time  in  connexion. 
"B.  1-1.30"'-1-100.'""  (in.  3.)  G. 


Genus  GONATOZYGON  (De  Baiy).— Filament  cylindrical ;  joints  elon- 
gate, slender,  cykndrical  or  narrow-fusiform,  without  a  constriction  or  in- 
tlation,  ends  tmncate  ;  endochrome  a  single,  central,  longitudinal,  undtdatoi-y, 
contracted  band.  Joints  previous  to  conjugation  disunited,  and  diuing  the 
process  bent  into  a  knee  shape ;  sporangium  as  last. 

GoNATOZYGON  7;^//:,n  (Do  Bary).-  what  dilntod,  ten  to  twenty  times  a.s 
Jomts  cyhndrwal  with  the  ends  .some-    long  as  broad,  rough  on  the  surface  with 
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numerous  minute  scattercil  granules; 
endoclirome  sometimes  bifid  at  the  ex- 
tremities, usually  with  a  pale  space  at 
the  centre,  and  with  a  longitudinal  me- 
dian series  of  lighter-colom-ed  dense  cor- 
puscles. Sporangiimi  same  as  preceding 
species.  (ni.1,2.)  L.  1-100" ;  B.  1-2350". 
Docidium  asperuni  (Ealfs)  ;  Leptocysti- 
nema  asperum  (Archer).  G.B.,  I.,  F.,  Gr. 
G.  Brebissonii  (De  B.). — Joints  tiar- 


row-  fusifonn,  suhcapitate  at  ends,  loosely 
united,  often  single,  i-ough  on  the  surface 
■with  minute  scattered  granules ;  endo- 
clirome usually  with  a  pale  space  at  the 
centre,  and  a  median  series  of  corpuscles. 
Sporangiimi  as  preceding.  Doddimn 
aapernm  (Br(5b.) ;  Lep.  Portii  (Archer). 
L.  1-200"  to  1-105";  B.  1-3500".  I., 
F.,  G.  /3  much  smaller,  and  jointe 
varying  in  length. 


Genus  LEPTOCYSTINEMA  (Archer).— Filament  attached,  cylindrical; 
joints  elongate,  cylindrical,  slender,  linear,  without  a  constriction  or  inflation, 
ends  truncate  ;  endochrome  a  longitudinal  flattened  hand.  (No  cNddent  gela- 
tinous sheath.) 

A  genus  under  the  above  name  was  founded  by  Mr.  W.  Ai-cher  (Nat.  Hist. 
Eev.  vol.  V.  p.  250)  for  the  reception  of  the  single  species  now  here  included, 
as  well  as  the  two  species  of  Gonatozygon  (De  B.),  not  being,  however,  then 
aware  that  De  Eary  had  previously  established  the  latter  genus  in  '  Hedwigia.' 
However,  as  the  reproductive  condition  of  Lep.  Kinahani  (Archer)  is  yet 
unknown,  we  deem  it  more  advisable  to  allow  that  species  to  remain  under 
its  original  name,  and,  for  the  present  at  least,  to  retain  the  genus,  distin- 
guishing it  here  from  Gonatozygon  by  the  filaments  being  attached  (a  singular 
circumstance  in  Desmidiacese),  and  the  endochronie  a  flattened  band.  The 
species  is  very  distinct  indeed  from  the  two  preceding. 


Leptoctstestema  Kinahani  (Archer). 
—  Filament  2  to  3  inches  long,  often 
breaking  up  into  separate  joints;  joints 
20  to  40  times  as  lono-  as  broad,  linear, 
smooth ;  endochrome  in  its  broader  dia- 
meter filling  the  entire,  width  of  the 
joint — in  the  narrower,  not  more  than 
one-thu-d,  occupying  the  centre  of  the 
joint,  and  at  the  central  pale  space 


curved  towards  the  cell-waU,  and  hav- 
ing imbedded  within  it  a  longitudinal 
median  series  of  globular,  light-coloured, 
dense  coi-puscles  (one  occupying  the 
centre  of  the  pale  space),  reti-acted  at 
each  end  of  the  joint,  leaving  a  clear 
space  in  which  are  active  gi-anules. 
Sporangium  unknown.  L.  1-200"  to 
1-50" :  B.  1-1900".  (m.  4.)  I. 


2.  Joints  mostly  broader  than  long,  very  seldom  slightly  longer  than  broad. 

Genus  HYALOTHECA  (Ehr.).— Filament  cylindrical,  very  gelatinous; 
joints  having  either  a  sliaU  constriction,  which  produces  a  crenate  appeaxance 
"or  a  grooved  Am  at  one  or  both  ends,  which  forms  a  hifid  projection  at  each 
side ;  end  view  circular ;  endochrome  radiate. 


Hyaxotheca  dissiliens  (Br6b.). — ^FUa- 
ment  fragile,  crenate ;  joints  usually 
broader  than  long,  ivith  a  shalloto  groove 
round  each,  dividing  the  endochrome 
into  two  portions.  Sporangium  globular, 
smooth,  placed  within  the  persistent 
connecting  tube  formed  by  the  mutual 
fusion  of  a  fresh  extension  from,  and 
produced  between,  the  sides  opposed  to 
each  other  of  the  conjuo-atin^ 'pairs  of 
joints,  the  filament  having  previously 
broken  up  into  sinde  jomts^^  (ii;  32  &  35). 
L.  1-2105"  to  1-1351";  B.  1-1|08" 
1-833"  =  Conferva  dissihcfis  (bmitU), 
Glmoprium  dissiliens  (Bei-k.,  Hass.),  Jfyr'- 
lothcca  mucosa  (Kg.).  G.B.,  i.,  f-,  W., 
U.S.A. 


H.  mucosa  (Ehr.).— Filament  scarcely 
fi-agile,  mucous  sheath  very  broad;  joints 
about  as  broad  as  long,  not  constricted, 
hut  harinr/  at  one  of  the  ends  a  minute 
hidentate  'projection  on  each  margin,  the 
adjoinuig  end  of  the  next  joint  being 
similar,  these  projections  beiu^  produced 
bv  an  annular  grooved  rim.  L.  1-1250" 
to  1-660" ;  B.  1-1250"  to  1-1111". 
=  Conferva  HjMCosrt  (Mert,  Hook.,  Hai-v.), 
Glaopriuni  mucosum  (Hass.),  S.  Ralfsn 
(K^.).    G.B.,  I.,  F. 

H.  ?  duhia  (Kg.).— Filament  without  a 
mucous  sheatli  (?) ;  joints  rather  broader 
than  long,  with  two  puncta  near  each 
margin.  G. 
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Gomis  DIDYMOPRIUM  (Kg.). — Filament  gelatinous,  cylindrical,  regu- 
larly twisted ;  joints  with  a  bidentate  process  or  angle  at  each  side ;  end  view 
circular,  or  broadly  elliptic,  with  two  opposite  projections  formed  by  the 
angles ;  endochrome  radiate. 


I)rDYUOvmmiGrevillii(Kg.). — Sheatli 
distinct;  jomts  broader  than  long,  tvith 
a  thickened  border  at  their  junction ;  angles 
bidentate ;  teeth  angular ;  transverse  view 
broadly  elliptic.  Sporangium  orbicular, 
Ibi-med  within  one  of  the  two  conju- 
gating joints,  the  endochrome  passmg 
over  from  one  by  a  narrow  connecting 
tube  produced  between  the  othei-wise 
but  little  altered  broken-up  single  joints. 
L.  1-464";  B.  l-i70".  =  Desmiditmi  cy- 
lindricmn  (auct.),  Arthrodestnns  ?  cyl, 
(Ehr.),  Desmidium  comjyressum  (Corda), 
B.  Grevillii  (De  B.).  G.B.,  I.,  F.,  G., 
Prussia,  U.S.A. 


D.  Borreri  (Ralfs). — Joints  inflated, 
barrel-shaped,  longer  than  broad,  without 
a  thickened  border  at  their  Jit  notion ;  angles 
bicrenate,  crenaticres  rounded;  transverse 
vieio  circular.  Sporangium  elliptic,  formed 
within  the  (for  some  time)  persistent 
extensions  from  the  conjugating  joints, 
which  do  not  previously  break  up  into 
single  joints,  but  couple,  still  imited  in 
the  fUament,  in  a  confused  or  zigzag 
manner,  some  of  the  joints  remaining 
unchanged,  (ii.  38,  39.)  L.  1-939" ; 
B.  1-1030".  =  Bambusina  B^'ebissonii 
(Kg.,  Breb.).    G.B.,  I.,  F.,  G.,  U.S.A. 


Genus  APTOGONUM  (Ralfs),— Filament  3-4:-angidar ;  joints  not  con- 
stncted,  plane  or  crenated  at  the  lateral  margins,  united  only  at  the  outer 
portions  of  each  of  their  end  margins  by  mutual  projections,  thus  producing 
intervening  central  oval  foramina. 


Aptogonum  Baileyi  (Ralfs). — Joints 
in  f.  V.  quadrangulai',  about  as  broad  as 
long,  their  lateral  margins  plane;  fora- 


mina broadly  oval ;  in  e.  v.  triangidar, 
angles  somewhat  roimded.  (m.  5,  e.v.  6.) 
U.S.A. 


Genus  DESMIDIUM  (Ag.). — Filament  3-4-angidar  or  compressed,  regu- 
larly tvsTsted ;  joints  bidentate  or  bicrenate  at  the  angles  or  lateral  margins, 
and  either  closely  united  throughout  the  whole  of  their  end  margins  by  a 
thickened  border,  or  only  at  the  outer  portion  of  each  by  mutual  projections, 
and  thus  producing  intervening  central  oval  foramina. 

G.B.,  I.,  F.,  G.,  Italy,  Sweden,  U.S.A. 

D.  quadrangulatum  (Ralfs). — Filament 
quadrangidar,  varying  in  breadth  from 
its  twisting,  having  two  longitudinal 
waved  lines ;  joints  in  f.  v.  broader  than 
long,  with  two  somewhat  rounded  cre- 


Desmtdittm  aptogonum  (Breb.).  — 
Joints  in  i.  v.  quadrangular,  broader 
than  long,  with  two  rounded  crenatm-ea 
on  each  lateral  margin,  imited  at  the 
outer  portion  only  of  each  end  margin 
by  mutual  projections,  thus  producing 
intercening  central  oval  foramina.  G.B., 
F.,  G.,  U.S.A.  a.  Filament  triangular, 
regularly  twisted,  crenatures  roimded. 
L.  1-1490" ;  B.  1-1000".  (in.  7,  e.  v.  8.) 
^,  filament  compressed,  crenatm-es  shal- 
lower, andslightlyangular.  L.  1-1295";  B. 
1-925".  =A2)togomim  Desmidium  (Ralfs). 

D.  Swartzii  (Ag.). — Filament  trian- 
gidar, equal,  with  a  single  longitudinal 
waved  dark  line  formed  by  the  third 
angle ;  joints  in  front  view  somewhat 
quadrangular,  broader  than  long,  with 
two  .slightly  angular  crenatures  on  each 
lateral  margin,  imited  at  the  whole  of 
their  end  margins  by  a  thickened  border  • 
end  view  tiiangidar ;  endochrome  three- 
rayed.  L.  1-2000"  to  1-1666";  B.  1-633", 


natures  on  each  lateral  mai'gin,  imited  by 
the  whole  of  their  end  margins ;  e.  v. 
quadrangular ;  endochrome  foiu'-rayed, 
(n.  37,  40.)  L.  1-1244";  B.  1-603"  to 
1-455".  =  Z».  quadrangulare  (Kg.).  G.B., 
F.,  G.,  U.S.A. 

D.  undulatum  (Corda).— Filament  tri- 
angular; joints  in  f.  v,  with  a  slight 
central  notch  at  each  side,  and  four  broad 
crenatures  at  each  lateral  margin,  imited 
by  the  whole  of  their  end  margins. 

D.  didymum  (Corda).— Filament  tri- 
angidar ;  joints  in  f.  v.  bidentate,  broader 
than  long,  imited  by  the  whole  of  their 
end  margins;  e.  v.  triangidar;  angles 
acutely  bifid.  =  Desmidium  bifidum 
(Menegh.).    G.,  Italy. 

Genus  RPH^ROZOSMA  (Corda).-FUament  compressed;  joints  deeply 
divided  on  eacli  Side,  thus  forramg  two  segments,  and  giving  a  pinnatifid 
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appearance  to  the  filament,  united  to  each  other  by  minute  tubercles  or  gland 
like  processes. 

SpHiEEOZOSMA  vertebrattim  (Ralfs). 


Joints  as  long  as  broad,  constriction  deep, 
acute ;  segments  reniform,  gland-like 
processes  oblique,  solitary  at  the  centre  o^ 
each  margin.  A  gelatinous  sheath  evi- 
dent. Sporangium  spherical,  smooth, 
placed  between  the  empty  segments,  the 
filament  previously  to  conjugation  break- 
ing up  into  single  joints.  L.  1-1429"; 
B.  1-909"  to  1-666".  (i.  \h-Vl?)  =  Sph. 
elegans  (Corda,  Hass.),  Oclontella  uni- 
dentata  (Ehr.),  Isihmia  vertebrata 
(Menegh..),  Isthmosira  vert.  (Kg.).  Ct.B., 
I.,  ¥.,  a.,  Italy,  U.S.A. 

S.  excavatum  (Ealfs).  —  Joints  longer 
than  broad,  subquadi'ate,  very  minute; 
constriction  a  deep  rounded  sinus  on 
both  sides,  and  two  sessile  gland-lihe  pro- 
cesses on  each  margin  at  theii-  junction; 

Genus  SPONDYLOSIUM  (Breb.)- 
joints  deeply  divided  on  each  side,  thus 
pinnatifid  appearance  to  the  filament, 
processes. 

SvoiiT)YT,osinM.stomatomo7-phutn(Bi\). 

 Joints  about  one-third  broader  than 

long,  constriction  deep,  segments  reni- 
form, ends  broadly  r-ounded ;  no  sheath. 
'  =  Isthmia  stomatomorpha  (Menegh.).  F. 

S.pulchrum  (Bail,  sp.).— Joints  twice 
as  broad  as  long,  constriction  not  deep, 
acute,  segments  elliptic ;  junction  margins 
straight,  forminq  short  connecting  bands  ; 
gelatinous  sheath  wide.  =  Sphan-ozosma 
pulchrum  (Bail.).  U.S.A. 

S.  pulcheUum  (Archer).  —  Filament 
minute,  fragile ;  joints  about  as  broad  as 
long,  sharply  incised;  segments  laterally 
inflated  at  the  base,  thus  giving  a  poutmg 
appearance  to  the  joint,  narroioing  to 
the  ends,  which  are  straight,  with  square 
angles ;  endochrome  containing  in  each 
segment  a  single,  centi-al,  lighter- 
colom-ed,  globular  corpuscle.  No  evi- 
dent gelatinous  sheath.     L.  1-2330" ; 


angles  sometimes  vdth  three  very  minuto 
teeth ;  no  evident  gelatinous  sheath. 
Sporangium  elliptic,  placed  between  the 
empty  joints,  tne  filament  previously 
breaking  up.  L.  1-2575" ;  B.  1-3050". 
=Isthmosira  cxcavata  (Kg.).  G.B.,  I., 
F.,  U.S.A. 

S.flliforme  (Ehr.).— Joints  about  as 
long  as  broad ;  constriction  acute ;  seg- 
ments elliptic,  and  united  by  doubk 
slender  2ir6cesses  which  include  a  quadrate 
foramen  between  each  pair.  =  Isthmosira 
flliformis  (Kg.).  G. 

"S.  lamelliferum  (Corda).— Joints  about 
one-third  broader  than  long,  constriction 
deep,  slightly  rounded  within ;  segments 
incurved,  renifonn ;  connecting  processes 
"  flattened,"  coloiu-less ;  a  gelatinous 
sheath.  G. 


-Filament  compressed  or  3-angular  ; 
forming  two  segments,  and  giving  a 
and  without  intermediate  tubercles  or 

B.  1-2830".  (in.  10.)  I. 

S.  depressum  (Breb.).  —  Jomts  some- 
what broader  than  long,  subquadrate, 
constriction  a  rounded  sinus,  angles 
rounded,  ends  straight,  fm-nished  at  end 
margin  on  upper  siuface  with  three 
rounded  protuberances;  "no  sheath." 
(ra.  9.)  F. 

S.  scrratum  (Bailey,  sp.).  —  Jopts 
broader  than  long,  consti-iction  a  trian- 
gular notch;  segments  forming  lateral 
triangidar  acute  p)rojections,  thus  giving 
a  serrated  outline  to  the  filament ;  junc- 
tion margins  straight.  =  Sphcerozosma 
sei-ratum  (Bail.).  U.S.A. 

S.  secedms  (De  Bai-y,  sp.).— Filament 
veryfi-agile,  joints  as  long  as  broad,  con- 
striction a  shallow  rounded  sinus  ;  seg- 
ments subelliptic,  ends  concave ;  no  gela- 
tinous sheath.  L.  1-287"'.=  Sphcerozosma 
secedens  (De  Baiy).  G. 


B.  Fronds  simple,  free,  owing  to  complete  transverse  division. 
1   Fronds  distinctly  constricted  at  the  middle,  never  as  much  as  three  times 
longer  than  broad.    Sporangia  mostly  spherical  and  spinous  or  tuhcrcu- 
lated,  or  very  rarely  spherical  or  quadrate  and  naked. 
Genus  TETRACHASTKUM  (DLxon).  —  Frond  compressed,  deeply  con- 
stricted into  two  3-lobed  segments;  lateral  lobes  projecting  homontaUy  or 
rometimes  divergent,  broadest  at  their  base  and  simply  attemuxted  outxvardsx 
Z  lZ  lXrX  expanded  into  a  honzontal  attemutted.  projectwn  on  each 
8ide/s"ihtenS  the  lateral  lobes  ;  central  constriction  a  gradually  mdemng 
incision  (ab,  c,  vide  supri\). 
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*  I!xtn'»utks  of  lobes  entire,  mucronate 
or  acute. 

Tetbaciiasthum  urcuatum  (Bailoy, 
sp.). — Fi'oud  rather  broader  tliaii  lon<j, 
pmnatiiid,  quadrauo-iilar  ;  lateral  lobes 
long,  slender,  arcuate,  tapering,  divergent 
from  those  of  the  opposite  segment,  their 
extremities  acute ;  temiinal  lobe  nan'ow, 
produced,  its  lateral  projections  ahruptly 
transverse,  slender,  attenuated,  acute ; 
ends  slightly  concave  at  the  centre. 
=  dlicrasterias  arcuata  (Bail.).  U.S.A. 

T.  exjmnsum  (Bailey,  sp.).  —  Frond 
about  as  broad  as  long,  somewhat  stel- 
late ;  lateral  lobes  long,  slender,  straight, 
conical,  divergent  from  those  of  the  op- 
posite segment,  their  extremities  acute  ; 
terminal  lobe  naiTow,  produced,  its  la- 
teralTpvo^ectionssoinewhatdiverffent,  short, 
quickly  tapering,  acute;  ends  concave. 
=  3Iicr.  expansa  (Bail.).  U.S.A. 

T.  mucronatum  (Dixon).  —  Frond 
longer  than  broad,  subelliptic;  lateral 
lobes  very  broad,  straight  on  the  margin 
foi-ming  ithe  base  of  the  segment,  tiu-gid 
on  the  upper  margin,  their  extremities 
roimded,  fru-nished  on  the  mai'gin  with 
one,  two,  or  three  minute  mucro-like  spines, 
one  always  at  the  exti-emity  or  basal 
angle  of  the  segment,  others,  when  pre- 
sent, iiTegularly  placed  on  the  upper 
margin ;  terminal  lobe  short,  veiy  broad, 
its  lateral  projections  short,  stout, 
quicklv  tapering,  somewhat  incm-ved  at 
exti-emities,  which  are  mucronate  ;  ends 
rounded,  with  a  very  shallow  inconspi- 
cuous centi'al  concavity;  ti-.  v.  broadly 
elliptic;  e.  f,  punctate.  L.  1-167":  B. 
1-235".    I.  ' 

2  *  Extremities  of  the  lobes  bidentate. 

T.  oscitans  (Dixon). — Frond  about  as 
broad  as  long,  piimatifid;  lateral  lobes 
separated  from  the  terminal  by  a  rounded 
sinus,  horizontal,  conical,  their  extremities 
bidentate;  end  lobe  short,  broad,  its 
lateral  projections  short,  conical,  usually 
bidentate,  naiTower  and  shorter  than  the 
lateral  lobes ;  ends  convex  at  the  centre  ; 
tr.  V.  fusiform,  e.  f.  pimctate.  L.  1-256"  • 
B.  1-211".  (n.  28,  2Q).=Euastrum 
holocystis  (Kg.);  Holocystis  oscitans 
^Hass.)  ;  ^Jf^rasfe^;7«s  oscitans  (Ralfs). 


T.  Americanum  (nobis).  —  Frond 
broader  than  long,  suborbicular,  piuna- 
tilid;  lateral  lobes  separated  from  the 
terminal  by  a  deep  acute  incision,  hori- 
zontal, conical,  tapering,  their  extremities 
bidentate ;  end  lobe  short,  its  lateral  pro- 
jections long,  tapming,  bidentate  at  their 
extremities,  as  broad  and  long  as  the  lateral 
lobes ;  ends  broadly  rounded.  =  MicraSf 
terias  incisa  (Kiitz.),  Bailey,  in  'Micr. 
Obs.  in  S.  Carolina,'  &c.,  but  sm-ely  not 
that  species ;  we  ai'e  therefore  obliged  to 
place  it  here  imder  another  specific 
name. 

T.  pinnatifidum  (Dixon). — Frond  ra- 
ther broader  than  long,  plam,  pinnatifid ; 
lateral  lobes  separated  fr'om  the  terminal 
by  an  eqiial  subacute  incision,  triangular, 
subconical,  horizontal,  their  exti-emities 
bidentate ;  end  lobe  short,  its  lateral 
projections  transverse,  shoi-t,  bidentate 
at  the  extremities,  ends  straight  (colour 
pale).  L.  1-440";  B.  1-392".  =i)ii'cras- 
terias  pinnatifida  (Ralfs,  Breb^  ;  Euas- 
trum  pinnatvfidum  (Kg.).  G.B.,  F.,  G., 
U.S.A._ 

T.  didymacantkum  (Nag.  sp.). — Fi'ond 
about  as  broad  as  long,  piimatifid ;  late- 
ral lobes  separated  from  the  terminal  by 
a  wide  rounded  sinus,  theii"  loive)-  margin 
convex,  in  apposition  with  those  of  the 
opposite  segment  for  a  portion  of  their 
length,  then  slightly  divergent,  their 
upper  margin  nearly  straight,  horizontal, 
their  exti-emities  bidentate;  end  lobe 
long,  imited  to  the  basal  portion  by  a 
naiTow  neck,  its  lateral  projections  short, 
their  extremities  bidentate,  ends  slightly 
convex.  L.  1-40"' ;  B.  1-40"'.  =  Euas- 
trum  didymacanthum  (Nag.).  G. 

T.  quadratum  (Bail.  sp.).  —  Frond 
broader  than  long,  pinnatifid,  quadran- 
gidar;  lateral  lobes  separated  fi-om  the 
temiinal  by  a  wide  roiuided  sinus,  some- 
what infiated  at  their  base,  elongate, 
slightly  divergent  fi-om  those  of  the 
opposite  segment,  their  produced  extre- 
mities slender,  bidentate ;  end  lobe  nar- 
row, produced,  its  lateral  projections 
transverse,  elongate,  slender,  bidentate 
at  the  extremities;  ends  with  a  sliglit 
central  concavity.  =  Mic.  quadrata  (Bail.). 
U.S.A. 


8li?htriole?tf '^f^^f^^^f•>•-^^'«^^  '-"^tly  lenticular,  as  long  us  or 
Ss^nrX  *^''^".\«.«^^'/«eply  constricted  into  two  lobed  segment!;  seg- 
dMd  Z^l  ''T'Y''^''''  ««'^^tin^es  3-lobed ;  lobes  inci  cd 

I  n  f f/'^'^;''^^  spreading,  dentate  or  minvtdy  spinel  o,-  rarely  only 
emuato  at  the  outer  margin  ;  central  constriction  usually  linear.        ^  ^ 
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•  The  subdivisions  of  the  lobes  spreadin<j 
in  a  jduiie  at  riglit  angles  to  that  of  the 
frond,  {a,  b,  c.) 

iliCEASTEBiAS  muricuta  (Ralfs).  — 
Frond  quadrangular;  segments  8ub-5- 
lobed,  lobes  opposite ;  basal  lobes  tripar- 
tite, middle  lobes  bipartite ;  end  lobe 
exsei-ted  and  laterally  divergent,  its 
lateral  extensions  bipartite ;  all  the  sub- 
divisions of  all  the  lobes  divergent  and 
disposed  in  a  plane  at  right  angles  to  the 
plane  of  the  frond,  their  extremities  ter- 
minating in  three  or  fom-  projecting 
poiats ;  the  intervals  between  the  lobes 
deep  rounded  sinuations ;  ends  sti-aight, 
entlxQ.  =Euastrum  muricatum  (Bailey). 
U.S.A. 

2  *  Tlie  subdivisions  of  the  lobes  spreading 
in  the  same  plane  as  the  frond. 

t  Frond  subeUiptic ;  segments  3- or  sub- 
5-lobed,  lobes  spreading,  the  intei-vals 
between  the  lobes  being  wide  ;  lateral 
lobes  bipartite,  their  subdivisions  di- 
vergent, end  lobe  exserted  and  laterally 
divergent,  (a'^b,  c.) 
M.  Baileyi  (Ralfs).— Frond  granulated 
all  over;  segments  3-lobed ;  laterallobes 
deeply  bipartite,   subdivisions  slender, 
their  extremities  bidentate,  the  lower 
subdivisions  horizontal,  approximate  to 
those  of  the  opposite  segment,  the  upper 
divergent ;  end  lobe  narrow  below,  ex- 
serted, transversely  expanded,  its  lateral 
extremities    truncate;    ends  concave. 

U.S.A.  ^  ^ 

M.  ringens  (Bailey).  —  Frond  some- 
what coarsely  granidated  at  the  margin ; 
segments  3-iobed;  lateral  lobes  some- 
what broadly  bipartite,  stout,  divergent 
fi'om  those  of  the  opposite  segment, 
their  subdivisions  having  the  extremities 
obscui-ely  bidentate;  end  lobe  narrow 
below,  exserted,  transversely  expanded, 
its  lateral  extremities  obtuse  ;  ends  con- 
cave. U.S.A. 

M.  furcata  (Ag.).  —  Frond  smooth  ; 
segments  sub-5-lobed ;  basal  and  middle 
lobes  bifid,  their  subdivisions  slender, 
linear,  divergent,  and  forked  at  the  apex, 
bifiircation  usually  incurved;  end  lobe 
exserted,  with  a  rounded  sinus  between 
the  considerably  produced  divergent  ex- 
tensions fi-om  the  angles,  which  are  ulti- 

radiata  (Hass.^  M.^Melitensis  /3  gracilis 

^i^'Cmx-ikelitensi's  (Ralfs).  —  Frond 
emooth;  segments  sub-5-lobed;  basal 


and  middle  lobes  bifid,  subdivisions 
short,  stout,  and  bidentate  at  the  apex ; 
end  lobe  exserted,  with  a  romided  sinus 
between  the  produced  divergent  exten- 
sions from  the  angles,  which  are  ulti- 
mately bidentate.  L.  1-206";  B.  1-221". 
(i.  22).  =  Euastrum  Crux-Melitends 
(Ehr.) ;  M.  Melitensis  (Menegh.).  G.B., 
F.,  G.,  Italy,  U.S.A. 

2t  Frond  angidar-eUiptic,  subquadrate 
or  suborbicular ;  segments  3-lobed; 
lobes  spreading,  the  intei^als  between 
the  lobes  being  usually  ^vide ;  lateral 
lobes  either  bipartite  and  inciso-den- 
tate  or  ti'imcate  on  outer  margin  ; 
end  lobe  mostly  exserted,  divergent. 
{a^b,  c.) 

M.  Americana  (Ralfe). — Frond  angu- 
lar elliptic,  more  or  less  punctate ;  seg- 
ments 3-lobed;  lateral  lobes  broad, 
cuneate,  their  margins  concave,  iiiciso- 
serrate;  end  lobe  broad,  cuneate,  and 
exserted,  bipai-tite  at  the  angles,  the 
subdivisions  naiTow,  and  minutely  den- 
tate at  the  extremities;  end  concave. 
L.  1-204";  B.  1-254".  (n.  44,  bad).= 
Euastrum  Americanum  (Ehr.).  G.  B., 
I.,  F.,  U.S.A.  jS,  margias  waved  rather 
than  dentate. 

M.  foliacea  (Bailey).  —  Frond  sub- 
quadi-ate,  smooth;  segments  3-lobed; 
lateral  lobes  deeply  bipai-tite,  iaciso- 
dentate,  their  margias  extending  to  an 
equal  distance  from  the  middle  line  of 
the  frond,  with  a  short  rounded  tooth- 
like  projection  next  the  end  lobe ;  end  lobe 
narrow,  somewhat  dilated  above,  angles 
emarginate ;  ends  concave.  U.S.A. 

M.  incisa  (Kg.).— Frond  about  as 
broad  as  long,  suborbicular ;  lateral  lobes 
horizontal,  sides  pai-allel,  abruptly  trun- 
cate, zvith  a  tooth  at  each  angle ;  end  lobe 
short,  veiy  broadly  cimeate,  entu-e,  it^ 
anoles  a,cute.=  Euastrum  Crux-Melitensis 
(Ehr.).    G.,F.,  U.S.A.? 

M.  decemdentatum  (Nag.). —  Frond 
about  as  broad  as  long,  suborbiculai- ; 
setnnents  3-lobed;  lateral  lobes  hori- 
zontal, side  subparallel,  obscurely  bipar- 
tite, their  subdivisions  acutely  bidentate; 
end  lobe  broadly  cuneate,  entu-e,  angles 
acute;  ends  rounded.  L.  1-55'";  B. 
155'".  =  3f.  Neodamensts  (Braun)  ;  M. 
Itzigsohnii  (Br^b.).    F.,  G. 


3t  Frond  cii'cular;  se^ents  5-lobed; 
lobes  approximate,  the  intervals  be- 
tween tlie  lobes  bein^  linear  or  verv 
deep  and  acute  incisions ;  basal  and 
middle  lobes  dichotomously  dn  ided 
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or  deeply  incised;  end  lobe  narrow, 
seldom  and  but  very  slightly  exserted. 
(«,  b,  c.) 

M.  Torrei/i  (Bail.). — Fi'ond  smooth; 
segments  5-lobed;  basal  lobes  bifid, 
middle  lobes  trifid,  the  subdivisions 
nearest  the  opposite  segments  and  those 
neai'est  the  terminal  lobe  hidentate  at  the 
apex ;  the  intermediate  three  terminat- 
ing in  acute  points ;  all  somewhat  infiated 
and  tapering ;  tenninal  lobe  narrow,  not 
exserted,  spreading  at  the  angles  into 
divergent  tapeiing  points ;  ends  slightly 
emarginate.  U.S.A. 

M.  denticulata  (Breb.). — Fi'ond  orbicu- 
lar, smooth  ;  segments  5-lobed;  basal  and 
middle  lobes  twice  dichotomous;  ulti- 
mate subdivisions  truncato- emarginate, 
with  rounded  angles ;  end  lobe  simply 
thrice  emarginate.  Sporangium  orbicu- 
lai',  beset  with  scattered  stout  elongate 
spines,  at  first  simple  and  obtuse,  after- 
wards forked  or  tiifid,  their  divisions 
finally  again  branched  and  recurved.  L. 
1-113",  B.  1-138".  (II.  22,  sporangiimi). 
= Euasti'um  Rota  (Ehr.)  in  part.  G.B., 
I.,  F.,  G.,  Italy,  U.S.A.  ^,  ends  broader, 
slightly  hu'sute  at  the  terminal  margin 
(BaUey). 

M.  rotata  (Ralfs). — Frond  orbicular, 
smooth;  segments  5-lobed;  basal  lobes 
twice,  middle  lobes  thrice  dichotomous ; 
ultimate  subdivisions  acutely  bidentate; 
end  lobe  very  slightly  exserted,  its 
angles  very  slightly  produced,  bidentate, 
ends  emarginate.  In  transverse  view  is 
seen  an  inflated  protuberance  just  over 
the  central  isthmus,  which  may  possibly 
exist  in  other  species  of  Micrasterias. 
L.  1-91",  B.  1-104".  (i.  20.)  =  Euastrum 
iJote  (Ehr.,  Nag.)  in  part;  Eutomia  rotata 
(Harvey).    G.B.,  I.,  F.,  G.,  Italy,  U.S.A. 

M.  Jimbriata  (Ralfs). — Frond  orbicu- 
lar, smooth  ;  segments  5-lobed ;  basal 
lobes  twice,  midcUe  lobes  generally  thrice 
dichotomous  ;  ultimate  subdivisions  ob- 
tusely emarginate,  each  furnished  with 
tico  curved  acute  spines ;  end  lobe  some- 
what exserted,  the  angles  slightly  pro- 
duced and  roimded,  and  each  fiu-nished 
with  two  or  three  minute  spines ;  ends 
concave.  L.  1-108",  B.  l-m".=Euas- 
trum  Rota  rEhr^  in  part.  G.  B.,  U.  S.  A. 

M.  apiculata  (Menegh.). — Frond  orbi- 
cidar,  hispid  all  over  toith  scattered  spines  • 
segments  5-lobed ;  basal  and  middle  lobes 
once  or  twice  incised,  their  external  mar- 
gin toothed,  ultimate  subdivisions  fur- 
nished witli  two  acute  spines ;  end  lobe 
naiTow,  spinous  on  external  margin.  = 
Euastrum  aculeaium  (Ehr.).    G.,  F. 


M.  radiosa  (Ag.). — Frond  orbicular, 
smooth ;  segments  5-lobed ;  basal  lobes 
twice,  middle  lobes  generally  thrice  di- 
chotomous, ultimate  subdivisions  inflated, 
attenuate  towards  the  end,  bidentate  ;  end- 
lobe  emarginate,  its  angles  dentate,  (l 
21.)  L.  1-138";  B.  1-1S8".  =  Euastrum 
Sol  (Ehi-.).    G.  B.,  I.,  F.,  U.  S.  A. 

M. papillifera  (Br(5b.).— Frond  orbicu- 
lar, having  the  principal  sinuses  bordered 
by  a  row  of  minute  granules,  otherwise 
smooth ;  segments  5-lobed ;  basal  and 
middle  lobes  twice  dichotomous,  their 
ultimate  shallow  subdivisions  terminated 
by  two,  sometimes  three,  gland-like  teeth ; 
end-lobe  emarginate,  its  angles  dentate. 
Sporangium  as  in  M.  denticulata,  but  con- 
siderably smaUer.  L.  l-221"-l-205" ; 
B.l-238"-l-211".  (i.  18,  spor.  19).  G.B., 
I.,  F.,  U.S.A. 

4t  Frond  orbicular;  segments  5-lobed; 
lobes  approximate,  the  intervals  be- 
tween the  lobes  shallow  naiTow  inci- 
sions; the  lateral  lobes  dentate,  crenate, 
or  slightly  sinuate;  end  lobe  broad,  not 
exserted.  (a'~^b,  e.) 

M.  quadragies-cuspidata  (Ralfs).  — 
Frond  hispid  all  over  toith  scattered  minute 
hair-like  spines ;  segments  5-lobed ;  basal 
and  middle  lobes  slightly  bipartite,  their 
subdivisions  bidentate;  end  lobe  very 
broad,  cuneate,  ti-imcate,  its  angles  biden- 
tate. =  Cosmarium  quadragies-cuspidatum 
(Corda).  G. 

M.  truncata  (Bri§b.). — ^Frond  orbicular, 
smooth;  segments  5-lobed;  basal  and 
middle  lobes  obscui-ely  bipartite,  extre- 
mities bidentate  ;  end  lobe  very  broadly 
cuneate,  bidentate  at  the  angles,  and  with 
a  slight  centi-al  concavity.  L.  1-240" ;  B. 
\-2?)Q" .=  Cosmarium  trimcatum  (Corda); 
Euastrum  Rota  (Ehr.)  in  part;  M.  semi- 
radiata  (KgO ;  Euastrtcm  semiradiatum 
(Nag.).    G.B.,  L,  G.,  F.,  U.S.A. 

M.  crenata  (Breb.).— Frond  orbicidai-, 
smooth;  segments  5-lobed;  basal  and 
middle  lobes  usually  crenate,  or  sinuate ; 
end-lobe  very  broadly  cimeate,  rounded 
at  the  ends,  entire.  L.  1-244" ;  13. 1-263". 
G.  B.,  I,  U.  S.  A. 

5t  Frond  oblong,  elliptic;  segments  5- 
lobed ;  lobes  approximate  or  spreading, 
intervals  between  the  lobes  linear  or 
somewhat  sinuous,  all  the  lobes  similai* 
at  the  oxti'emities,  the  end  lobe  the 
broadest,   {a,  b,  c.) 

M.  Jemieri  (Ralfs).  —  Frond  oblong, 
minutely  granulated ;  segments  5-lobed ; 
basal,  middle,  and  end  lobes  cimeate, 
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obscurely  bipartite,  and  their  subdivisions  (Kalfs),  gi-anules  larger,  giving  a  dentate 

miarqinate,  or  -with  merely  a  sUyht  central  appearance  to  the  margin,  otherwise  as  a. 

concavity ;  angles  rounded ;  end-lobe  at  y  (Archer),  granvdes  giving  a  rough  ap- 

externaimargiuconsiderablythebroadest.  pearance  to  the  margin,  lobes  dightly 

L.  1-147";  B.  1-209".  G.B.,  I.  a  (Ralfs),  concave,  margins  rounded,  not  bipartite, 

oi'anules  like  mere  puncta,  lobes  slightly  without  emarginate  subdivisions, 
bipartite,  subdivisions  emarginate.  ^ 

Genus  EUASTRTJM  (Ebr.). — Frond  longer  than  broad,  compressed;  deeply 
constricted  into  two  lobed  or  sinuated  segments ;  segments  usually  pyramidal, 
5-  or  3-lobed  or  merely  sinuous,  possessing  variously  disposed  circular  inflated 
protuberances  (very  rarely  absent) ;  lateral  lobes  opposite,  very  rarely  radiant, 
rounded  or  sinuated  at  the  extremities ;  end  lobes  acutely  incised  or  emarginate 
at  the  centre,  raxely  only  concave ;  central  constriction  linear.  (The  inflated 
protuberances  and  the  emarginate  ends  rarely  (if  ever?)  simultaneously 
absent.) 


*  Segments  deeply  lohed;  separating  si- 
nuses directed  imoards  and  dotvmcards ; 
the  end  lobe  cuneate  and  partly  included 
within  the  notch  formed  by  the  projection 
of  the  lateral  lobes. 

EuASTRTJM  verrucosum  (Ehr.). — Frond 
somewhat  longer  than  broad,  rough  all 
over  with  conic  granides;  segments  3- 
lobed,  somewhat  divergent,  all  the  lobes 
broad,  cimeate,  with  a  veiy  broad  shallow 
external  sinus  (ab,  c). 

Empty  frond :  f.v.  segments  with  one 
large  circular  basal  inflation  on  sm-face, 
one  smaller  on  each  side,  and  two  others 
on  the  end  lobe ;  s.  v.  segments  inflated  at 
the  base,  narrowed  into  a  short  neck,  end 
dilated  with  a  central  sinus ;  e.  v.  oblong, 
with  three  inflations  at  each  side,  one  at 
each  end,  end  lobe  having  4  divergent 
lobelets.  L.  1-267";  B.  1-270'i.  Cos- 
marium  verrucosum  (Menegh.),  E.  papu- 
losum  (Kg.).  G.B.,  I.,  G.,  F.,  Italy, 
U.S.A. 

E.  oblongum  (RaKs).  —  Frond  rather 
more  than  twice  as  long  as  broad,  smooth, 
oblong;  segments  5-lobed;  lobes  nearly 
equal,  cimeate ;  lateral  lobes,  or  the  basal 
only,  with  a  broad,  shallow,  margmal 
concavity,  all  thek  angles  rounded,  ter 
minal  notch  linear  (a,  b,  c). 

Empty  frond :  f.  v.  seg.  pimctate,  with 
three  large  inflations  on  sm-face  near  the 
base,  two  others  above  and  two  on  ter- 
minal lobe ;  tr.  v.  three  times  as  long  as 
broad,  with  three  subdistant  marginal 
inflations  at  each  side,  and  on©  at  each 
end  in  j3  broader  in  proportion,  more 
elliptic,  and  inflations  close  ;  e.  v.  end 
lobe  notched  at  opposite  external  mar- 
gins. Sporangium  orbicular,  beset  with 
numerous  conical  tubercles._  L.  l-15b  ; 
B  1-282"  (in.  11.)  =  Echinella  oh/onga 
(Grev.);  iluaslmmPeclcniEhr.);  Cosma- 


rium  sinuosum  (Corda) ;  Eutomia  oblonga 
(Hai-v.).  G.B.,I.,F.,G.,Italy,U.S.A.  0 
smaller,  nan-ower,  middle  lobes  rounded, 
without  any  mai-ginal  concavity. 

E.  crassum  (Kg.). — ^Frond  about  twice 
as  long  as  hvo&dL,subquadi-ilateral,smoot\i; 
segments  3-lobed ;  basal  lobes  very  broad, 
with  a  very  broad,  shallow  marginal  sinus, 
in  which  there  is  sometimes  a  slight  in- 
termediate rounded  projection;  end  lobe 
cuneate,  rounded,  termmal  notch  linear. 
(ab,  c.) 

Empty  frond :  f.  v.  pimctate,  segments 
with  three  inflations  below  and  two 
above ;  tr.  v.  two  or  three  times  longer 
than  broad,  with  thi-ee  lobes  or  inflations 
at  each  side  and  one  at  each  end ;  e.  v. 
end  lobe  smuate  at  opposite  external 
margins.  L.  1-193"-1-132" ;  B.  1-263". 
=  E.Pelta  (Hass.).  G.  B.,  I.,  F.,  G., 
U.  S.  A.  /3  smaller,  margins  of  lateral 
lobes  more  concave,  sinuations  between 
the  lateral  and  end  lobes  more  closed, 
the  latter  more  included. 

E.  cornidum  (Kg.).— Fi-ond  abouttwice 
as  long  as  broad:  segments  3-lobed,  some- 
what inflated  at  base,  outer  upper  angles 
of  basal  portion  prolonged  into  a  process- 
like  projection  directed  upwards  ;  end 
lobe  included,  its  notch  broad,  concave. 
Empty  fi-ond  punctate,   (ah,  c.)  G. 

2  *  Segments  wmously  lobed,  or  tapering; 
end'lobc  exsertcd  and  united  to  the  basal 
portion  by  a  distinct  neck. 

t  End  lobe  with  a  linear  or  acute  notch. 

Kpinnatutn  (Rnlfs).  — Frond  oblong, 
about  twice  as  long  as  broad ;  segments 
5-lobed  in  a  pinuatifid  manner,  bn^^al 
lobes  slightlv  emarginate,  imddlo  sinaller, 
romided,'  entire,  end  lobe  cxscrted,  ili- 
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lilted,  its  notch  linear ;  the  upper  margin 
of  the  lobes  horizontal,    (a,  h,  c.) 

Empty  frond:  f.  v.  segments  piinc- 
tate,  usually  with  two  large  inflations 
near  the  base,  foiu-  smaller  between, 
three  others  above,  and  two  on  end  lobe ; 
s.  V.  central  consti-iction  deep,  segments 
inflated  at  the  base,  then  contracted, 
again  inflated,  and  again  contracted  be- 
neath the  dilated  terminal  lobe ;  tr.  v. 
with  foiu-  lobes  or  inflations  on  each  side, 
imd  one  at  each  end ;  e.  v.  end  lobe  with 
a  deep  sinus  at  opposite  external  mar- 
gins, concave  at  the  sides,  so  as  to  produce 
loiu-  divergent  lobelets.  L.  1-188" ;  B. 
1-454".  G.B. 

E.  hmnerosum  (Ralfs). — ^Frond  about 
twice  as  long  as  broad;  segments  sub- 
5-lobed ;  basal  lobes  slightly  emarginate ; 
middle  lobes  narroiv,  directed  upwards, 
resembling  processes  ;  end  lobe  with  a 
short  neck,  pai-tly  included  between  the 
middle  lobes,  dilated,  its  notch  linear. 
(a,  b,  c.) 

Empty  frond  miuutely  pimctate ;  i.  v. 
seg-ments  with  three  inflations  at  base, 
two  above  and  two  on  end  lobe ;  tr.  v. 
elliptic,  with  three  iaflations  on  each 
side  and  one  at  each  end.  L.  1-225" ; 
B.  1-382".   G.B.,  I.,  F. 

E.  qffine  (Ilalfs). — Frond  about  twice 
as  long  as  broad;  segments  3-lobed ;  basal 
lobes  slightly  emarginate,  having  iuter- 
mediate  between  them  and  the  end  lobe 
on  each  side  a  tubercle  representing  mid- 
dle lobes,  the  upjier  margin  of  ichich  is 
horizontal ;  end  lobe  exserted,  dilated, 
its  notch  linear,  {ab,  c.) 

Empty  frond :  f.  v.  minutely  punctate ; 
the  segments  with  four  basal  mflations, 
two  above  and  two  on  end  lobe ;  tr.  v. 
elliptic,  with  four  inflations  on  each  side 
and  one  at  each  end ;  e.  v.  end  lobe  emar- 
ginate at  opposite  external  margins,  pro- 
ducing fom*  shallow  lobelets.  L.  1-230" ; 
B.  1-458".   G.B.,  I.,  F.,  U.S.A. 

E.  ampullaceum  (Ilalfs). — ^Frond  rather 
more  than  one-half  longer  than  broad ; 
segments  obscurely  3-lobed,  short,  with 
broad  inflated  base ;  basal  lobes  not  emar- 
ginate, having  on  each  upper  side  a  small 
intermediate  tubercle  between  each  and 
the  end  lobe  ;  end-lobe  exserted  and  di- 
lated, its  notch  linear,  {ab,  c.)  Empty 
frond  minutely  pimctate  ;  f.  v.  inflations 
indistinct  or  confluent ;  s.  v.  narrow  el- 
liptic, with  several  inflated  protuber- 
ances, ends  scarcely  dilated,  rounded; 
tr.  V.  with  four  inflations  at  sides  and 
one  at  each  end.  L.  1-274" ;  B.  1-394" 
G.B.,  I.,  F.,  U.S.A. 

E.  imiyne  (Ilass.).— Frond  rather  more 


than  twice  as  long  as  broad ;  segments 
inflated  at  base,  sides  entire,  tvithout  late- 
ral tubm-cles,  and  taperiny  into  a  long 
slender  neck ;  end  lobe  dilated,  its  notch 
linear,  (ab,  c.) 

Empty  fi-ond  minutely  pimctate ;  f.  v. 
segments  with  two  inflations  at  the  base ; 
s.  V.  naiTower,  gradually  tapering  to  the 
end,  which  is  considerably  dilated ;  pro- 
jections rounded,  with  a  sinus  between; 
tr.  V.  subquadrate,  slightly  concave  at 
sides,  with  a  rounded  lobe  at  the  centre 
of  each  end ;  e.  v.  end  lobe  with  a  sinus 
fit  opposite  external  margins,  angles  thus 
protruded  into  four  divergent  roimded 
lobelets.  L.  1-232" ;  B.  1-416".  (m.  12.) 
G.B.,  I.,  U.S.A. 

E.  Didelta  (Ealfs). — Fi-ond  rather  more 
than  twice  as  long  as  broad ;  segments 
pyramidal,  inflated  at  the  base  and  ayain  at 
the  middle,  end  scarcely  dilated,  roimded, 
its  notch  linear.  (a'~^b,  c.) 

Empty  fi'ond  pimctate ;  f.  v.  segments 
with  several  inflations  in  lines  and  two 
at  the  end ;  tr.  v.  elliptic  with  four  infla- 
tions at  each  side  and  one  at  each  end; 
e.  v.  end  lobe  entire  at  margin.  Sporan- 
gium orbicular,  with  subulate  spines. 
(1. 23, 24,  tr.v.  25.)  L.  1-185";  B.  1-357". 
=  CosmariumDidelta(M.eiiegh.),  E.  binale 
(Kg.).    G.B.,  I.,  F.,  Italy,  U.S.A. 

E.  ansatum  (Ehi".). — Frond  about  twice 
as  long  as  broad;  segments  inflated  at 
the  base,  taperiny  ttptoards  icithout  sinna- 
tions  into  a  neck,  end  not  dilated,  roimded, 
its  notch  linear,  (ab,  c.) 

Empty  frond  pimctate;  f.v.  segment-s 
turgid  on  the  sm'iace,  at  the  middle  ivith- 
out  circular  inflations ;  tr.  v.  elliptic,  tvith 
a  single  large  inflation  at  each  side  ;  e.  v. 
end  lobe  entire  at  the  margin,  its  divisions 
circular.  L.1-315";  B.  1-654".  =^.  i>7>rt/e 
(Kg.),  Cosmarimn  ansatum  (Kg.).  G.B., 
L,  F.,  G.,  Italy,  U.S.A. 

E.  circular e  (Hass.). — Fi'ond  about 
twice  as  long  as  broad,  taperiny  upwards 
into  a  neck,  end  not  dilated,  its  notch  an 
acute  incision.  («6,  c.) 

Empty  fi-ond :  segments  with  flve  basal 
inflations,  four  in  a  half  circle  round  the 
fifth,  and  two  others  'at  the  extremity. 
=  Cosmarium  circulare(Kg.),E.  circulare, 
var.  Hassallii  (Bv&i.).    G.B.,  F.,  U.S.A. 

E.  sinuosum  (Lenormand).  —  Frond 
about  twice  as  long  as  broad,  segments 
3-lobed,  basal  portion  cmaryinate  at  the 
sides ;  end  lobe  somewhat  dilated,  its 
notch  linear,  {ab,  c.) 

Empty  frond  punctate ;  segments  with 
five  basal  inflaiiom  and  tivo  others  at  ex- 
tremity; tr.  V.  elliptic,  with  three  infla- 
tions at  each  side  and  one  at  each  end. 


SYSTEMATIC  HISTORY 


or  THE  INFUSOEIA. 


L.  1-825" ;  B.  1-549".  =  E.  circulare  (i 
(llfs.),  JE,  circulare,  var.  Falaniensis 
(Br6b.).    G.B.,  F. 

E.  Jenneri  (nobis). — Frond  scarcely 
twice  as  long  as  broad;  segments  8-lobed, 
basal  portion  suhquadrate,  emaryinate  at 
the  sides ;  end  lobe  somewhat  dilated,  its 
notch  linear,  (ab,  c.) 

Empty  frond  punctate,  segments  with 
several  smcdl  itiftations  arranged  in  altei'- 
nate  lines.  =E.  circulare  y  (Ralfs),  E.  cir- 
eidare,  var.  Ralfsii  (Br6b.).    G.B.,  F. 

Mr.  Ralfs  unites  this  and  the  two  pre- 
ceding as  three  Tarieties  of  E.  circulare 
(Hass.).  They  seem,  however,  to  be 
quite  as  distinct  as  any  other  species  de- 
scribed, not  only  in  external  outline,  but 
also  in  the  distribution  of  the  superficial 
inflations. 

2 1  End  lobe  straight  or  concave  without 
a  central  notch. 

E.pectinatum  (Br6b.). — ^Frond  rather 
more  than  twice  as  long  as  broad ;  seg- 
ments 3-lobed,  basal  portion  sicbquadri- 
lateral;  lateral  lobes  horizontal,  deeply 
emarginate,  end  lobe  much  dilated, 
straight  or  slightly  concave  at  ends,  angles 
entire  or  emarginate.  (ah,  c.)  Emptyfrond 
pimctate;  f.  v.  segments  with  three  in- 
flations near  the  base ;  tr.  v.  elliptic  with 
three  inflations  at  each  side  and  two  at 
each  end ;  e.  v.  end  lobe  with  two  minute 
lobelets  at  each  end,  and  two  near  them 
at  each  side.  Sporangium  orbicular,  beset 
with  conical  tubercles,  (n.  10  &  30.) 
L.  1-362" ;  B.  1-558".   G.B.,  I.,  F. 

E.  gem7natum  (Kg.,  Breb.). — Frond 
scarcely  twice  as  long  as  broad ;  segments 
3-lobed,  lateral  lobes  horizontal,  deeply 
emarginate,  the  protuberances  minutely 
granulate;  end  lobe  dilated,  its  dilata- 
tions inclined  upwards,  and  minutely 
granulate ;  ends  with  a  deep  rounded  emar- 
gination.  {ah,  c.)  Empty  frond  slightly 
pimctate;   f.  v.   segments  with  three 

franulate  inflations  near  the  base ;  tr._  v. 
roadly  elliptic,  with  thi'ee  granulate  in- 
flations at  each  side  and  one  at  each 
end;  e.  v.  end  lobe  crucifoim,  lobe- 
lets  rounded,  granulate.  L.  1-443"  ; 
B.  1-641".  =  Euastrum  (Eucosmium) 
Hassallianum  (Nag.).  G.B,,  I.,  F., 
Pmssia. 

3  *  Frond  without  a  distinct  terminal  lobe, 
frequently  having  a  process  or  _  acute 
angle  at  corners  of  terminal  portion. 
E.  rostratum  (Ralfs).— Frond  scarcely 
twice  as  long  as  broad,  oblong ;  segments 
with  their  basal  portion  deeply  emargi- 
nate at  the  sides,  connected  by  a  broad 


neck  with  the  terminal  portion;  end^ 
pi'otuberatit,  angidar,  acutely  emarginate 
at  the  centre,  and  having  at  each  side 
a  horizontal  subacute  projection,  {ah,  c.) 
Sporangium  orbiculai',  spinous;  spines 
conical,  attenuated.  L.  1-650"  to  1-580" ; 
B.  1-1000"  to  1-714".  (i.  26.)  G.B., 
I.,  F.,  U.S.A. 

'Fx.  pulchellmn  (BriSb.). — Frond  rather 
more  than  one-third  longer  than  broad, 
oblong ;  segments  with  the  basal  portion 
twice  or  thrice  acutely  dentate  at  each  in- 
flated basal  angle,  and  connected  by  a 
broad  neck  with  the  terminal  poi"tion ; 
ends  straight,  acutely  emarginate  at  the 
centi'e,  angles  acutely  mucronate ;  e.f. 
bearing  at  the  centi'e  of  each  segment  a 
single  inflated  prominence  bordered  by  an 
annular  series  of  granules  (in  s.v.  trun- 
cate), and  a  few  scattered  gi-anules  near 
the  projecting  pai"ts.  (ah,  c.)  F. 

E.  elegans  (Breb.,  Kg.). — Frond  minute, 
scarcely  twice  as  lon^  as  broad,  oblong ; 
segments  with  their  basal  portion  emai- 
ginate  at  the  sides,  connected  by  a  broad 
neck  with  the  terminal  portion;  ends 
protuberant,  rounded,  acutely  emarginate 
at  the  centre,  pouting ;  s.v.  with  an  infla- 
tion at  the  base  of  the  segments,  sides 
concave,  ends  rounded,  (ah,  c.)  Sporan- 
gium orbicular,  spinous.  =  E.  bidentatum 
(Nag.).  G.B.,  L,  F.,  G.,  U.S.A.  a,  neck 
somewhat  constricted,  end  portion  beai'- 
ing  on  each  side  an  acute  horizontal 
spine-like  projection.  L.  1-888"  to 
1-445"  ;  B.  1-1441"  to  1-714".  _  ft  seg- 
ments sinuated,  neck  not  constricted  and 
without  spines.  L.  1-421";  B.  1-654". 
y,  neck  not  constricted,  lateral  projec- 
tions bearing  minute  spines  dii-ected  ob- 
liquely outwards.  =  E.  spinosum  (Hass.). 
L.  1-884";  B.  1-1388". 

E.  crenatum  (Kg.). — Frond  very 
minute,  about  twice  as  long  as  broad, 
segments  pyramidal,  their  lateral  margin 
crenate,  ends  broad,  truncate,  entire, 
{ah,  c.)    F.,  G. 

E.  binale  (Ralfs). — Frond  veiy  minute, 
scarcely  twice  as  long  as  broad,  oblong ; 
segments  with  their  basal  portion  either 
entire  or  bicrenate  at  the  sides,  slightly 
conti-acted  beneath  the  ends ;  ends  di- 
lated, not  2}rotuberant  beyond  the  angles, 
its  central  notch  acute,  broad;  tr.v.  with 
two  lateral  inflations,  ends  trimcate, 
angles  romided.  (abc.)  L.  1-1570"  to 
1-1428";  B.  1-2400"  to  1-1400".  (in.  13.) 
=  HeterocarpeUa  binalis  (Tiirp.),  Cos- 
marium  binale  (Meneghini),  E.  Ralfsn 
(Kg.),  E.  hbulatum  (Brdb.)  ?  E.  dubmn 
(Niig.).  G.B.,  I.,  F.,  U.S.A.  /3,  frond 
rather  larger,  rough,  with  a  few  scattered 
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graniiles ;  margins  of  segments  crenato  ; 
acute  angles  of  end  portion  slightly 
liorizontiilly  prolonged,  its  notch_  small, 
rounded  (probably  a  distinct  species). 

E.  ctmeatum  (Jenner). — Frond  large, 
rather  more  than  twice  as  long  as  broad ; 
segments  pyramidal,  broadest  at  base  find 
naiTowing  upwards,  not  lobed,  the  sides 
(dmost  straight;  ends  tnmcate,  central 
notch  linear,  (a^h'^c.)    Empty  frond 


without  inflated  protuberances.  L. 
1-208"  ;  B.  1-420".    G.B.,  I. 

E.  pelta  (Kg.). — Frond  about  twice  as 
long  as  broad,  oblong ;  seyments  quadrate, 
each  lateral  margin  with  a  small  rounded 
protuberance  or  inflation  at  the  hose, 
another  larger  near  the  uppei-  end,  and 
another  somewhat  larger  still  at  the  iqiper 
angle;  ends  straight,  not  notched.  («&,  c.) 
=  Cosmarium  Pelta  (Corda).  G. 


Genus  COSMAEIUM  (Corda). — ^Frond  more  or  less  constricted;  segments 
undivided,  usually  rounded,  sometimes  slightly  sinuated,  or  rarely  slightly 
contracted,  somewhat  extended  and  truncate  at  the  ends,  never  notched, 
neither  provided  with  spines  nor  processes;  e.v.  elliptic,  and  sometimes  eacli 
side  with  a  lateral  opposite  inflation,  or  circular. 


*  Frotid  compressed ;  central  constriction 
a  deep,  usually  linear,  incision ;  e.v. 
compressed,  either  elliptic  or  suhcruci- 
form,  owing  to  the  projection  at  each 
side  of  a  protuberance  or  inflation. 

t  Margins  of  segments  entire,  neither 
crenate  nor  granulate. 

CosMABrcTM  sublobatum  (Breb.  sp). — 
Frond  scarcely  twice  as  long  as  broad, 
oblong;  constriction  linear,  segments 
mbquadrate,  somewhat  wider  at  the  base, 
lateral  and  end  maryins  slightly  concave, 
smooth,  ti'ansverse  view  cruciform.  L. 
1-52.3" ;  B.  1-646".  =  Euastrum  ?  sid)lo- 
hatum  (Breb.).    G.B.,  I.,  F.,  U.S.A. 

.  C.  pusillum  (Br^b.  sp.). — Frond  very 
minute,  slightly  broader  than  long,  con- 
striction acute,  segments  anyulato-tra^ 
pezoid,  slightly  narrowing  upwards, 
smooth,  angles  rounded,  ends  slightly 
concave.  =  Euast7-um pusillum (Brebf).  F. 

C.  quadratum  (Ralfs). — Frond  about 
twice  as  long  as  broad,  constriction  deep, 
linear ;  segments  quadrate,  slightly  pro- 
tuberant on  each  side  at  the  base,  with 
roimded  angles  at  the  ends,  smooth  ;  e.v. 
compressed.  L.  1-510";  B.  1-952". 
G.B.,  F. 

C.  Cucumis  (Corda). — Frond  about 
twice  as  long  as  broad;  constriction 
deep,  linear ;  segments  as  broad  as  long, 
with  the  basal  angles  rounded,  broadly 
roundiid  at  ends,  smooth ;  e.v.  elliptic. 
L.  1-.302"  to  1-257";  B.  1-568"  to  1-502". 
=Euastrum  inter/errimmn  CEhr.).  G.B., 
I.,  F.,  G.,  Italy,  U.S.A. 

C.  Ralfsii  (Breb.).  —  Frond  large, 
slightly  longer  than  broad,  orbicidar, 
constriction  deep,  linear ;  segments  scmi- 
orbicular,  roimded  at  basal  angles, 
smooth  ;  e.v.  eUiptico-lanceolate  ;  endo- 
chrome  radiate.  L.  1-227";  B.  1-270". 
=  C.  Cucumis  (llass.).   G.B.,  I.,  F. 


C.  rupestre  (Nag.  sp.). — Frond  rather 
more  than  twice  as  long  as  broad,  con- 
striction not  deep  but  linear ;  segments 
broadly  oval,  turgid,  sides  and  ends 
broadly  rounded,  smooth ;  e.f.  punctate, 
puncta  scattered.  =  Miastmm  rupestre 
(Nag.).  G. 

C.  pyramidatum  (Breb.).  —  Frond 
scarcely  twice  as  long  as  broad,  suboval ; 
consti-iction  deep,  linear ;  segments  pyra- 
midal, rounded  at  basal  angles,  somewhat 
truncate  at  the  ends,  pimctate;  e.v. 
broadly  elliptic.  Sporangium  orbicular, 
tubercidated.  L.  1-471"  to  1-264" ;  B. 
1-759" to  1-374".  (m.  14,  e.v.  15.)  =  Pi- 
thiscusa}igulosus(Kg.).  G.B.,I.,F.,U.S.A. 

C.  layenarium  (Corda). — Frond  about 
twice  as  long  as  broad,  subelliptic ;  seg- 
ments triangular,  pyramidal,  punctate; 
basal  angles  broadly  rounded,  sides  some- 
what concave,  tapering,  ends  broadly 
roimded.  =  C.  ansatum  (Kg.).  G. 

C.  tinctmn  (Ralfs).  —  Frond  veiy 
minute,  about  as  long  as  broad,  constric- 
tion producing  an  acute  notch  at  each 
side;  segments  elliptic,  about  twice  as 
broad  as  long,  smooth ;  e.v.  nai'row 
elliptic.  _  Empty  frond  somewhat  reddish. 
Sporangium  quadrate,  smooth,  vrith.  an 
empty  segment  of  the  conjugated  fi-onds 
permanently  attached  to  each  comer. 
L.  1-2325";  B.  1-2500".    G.B.,  1. 

C.  bioculatum  (Breb.). — Fi-ond  minute, 
about  as  long  as  broad;  constriction 
deep,  producing  a  gaping  notch  at  each 
side ;  segments  about  t-\vice  as  broad  as 
long,  elliptic,  smooth;  s.v.  compressed; 
e.v.  elliptic.  Sporangium  orbicular,  with 
conical  spines.  L.  1-1416" ;  B.  1-1773". 
G.B.,  L,  F.,  U.S.A. 

C.  depressum  (Bailey).  —  Fi'ond  de- 
pressed, broader  than  long,  constiiction 
a  deep,  uai'row,  acute  notch ;  segments 
about  twice  as  broad  as  long,  angular  at 
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base,  broadly  founded  at  ends,  smootli. 
U.S.A. 

C.  (/ranatum  (Br<5b.). — Frond  minute, 
somewhat  longer  than  broad;  constric- 
tion linear ;  segTuents  broader  than  long, 
rapidly  tapering,  trimcato-trianf/idar, 
smooth;  s.v.  compressed;  e.v.  elliptic. 
L.  1-1234" ;  B.  1-1602".    G.B.,  I.,  F. 

C.  polygonum  (Nag.  sp.). — Frond  mi- 
nute, about  one-third  longer  than  broad, 
constriction  shallow,  linear;  segments 
hexagonal,  sometimes  punctate,  lateral 
■margins  and  ends  straight ;  e.v.  elliptic 
with  a  broad  rounded  inflation  at  each 
side.  =  Euastrum  polygonum  (Nfig.) .  G. 

C.  Phaseolus  (Breb.). — Frond  in  f.v. 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  reniform,  smooth;  e.v. 
elliptic,  with  a  sli(/7it  conical  projection  at 
each  side.  L.  1-787";  B.  1-833".  =-B. 
depressum  (Nag.)  ?    G.B.,  I.,  F. 

C.  Papilio  (Menegh.).  —  "Segments 
smooth,  triangidar,  with  rectangular 
apex,  sides  very  slightly  sinuato-undu- 
late,  lateral  angles  produced,  acute ;  e.v. 
linear  with  a  lobe  at  middle  of  each  side," 
Euastrum  ?  Papilio  (Kg.).    G.,  Italy. 

2t  Margins  of  segments  crenate  or 
slightly  imdulate,  siu-face  not  granu- 
late. 

C.  Meneghinii  (Br6b.). — Frond  very 
minute,  rather  longer  than  broad,  con- 
striction linear;  segments  subquadrate, 
bicrenate  at  the  sides  and  ends,  smooth ; 
e.v.  elliptic.  L.  1-858"  to  1-735";  B. 
1-1250"  to  1-1176".  =  C.  bioculatum 
(Menegh.),  Euastrum  biocidatum  (Kg.), 
E.  angidomm  (Br^b.),  E.  crenidatum 
(Nag.).    G.B.,  L,  F.,  G.,  Italy,  U.S.A. 

G.  crmatum  (Kalfs). — Frond  minute, 
not  quite  twice  as  long  as  broad,  con- 
striction linear;  segments _  obsoletely 
gtiadrate,  crenate  at  the  margin,  flattened 
at  ends,  surface  punctate;  e.v.  elliptic. 
Sporangium  orbicular,  spinous;  spines 
very  short  and  stout,  swollen  at  case, 
and  divided  at  the  apex.  L.  1-474" ; 
B.  1-67 8".= Euastrum?  sinuoswn  (Kg.). 
G.B.,  L,  F. 

C.  undulatum  (Corda). — Frond  rather 
larger  than  last,  slightly  longer  than 
broad,  constriction  linear;  segments 
scmiorbicular,  ends  and  sides  broadly 
rounded,  crenate  or  miuutelv  undulate 
at  margin;  e.v.  eUiptic.  Sporangium 
orbicular,  spinous ;  spines  elongate,  slen- 
der, swollen  at  the  base  and  divided  at 
the  apex.  L.  1-416" ;  B.  1-571".  (ii. 
33,  spor.  34).  =  Euastrum  crenulatmn,  c 
JNag.)P    G.B.,  I.,  F.,  U.S.A. 


C.  Ncegelianum  (Brdb.). — Frond  in  f.v. 
slightly  longer  than  broad,  constiictioii 
deep,  linear ;  segments  broad  at  the  base, 
rapully  narrowing  upwards,  sides  with 
several  minute  sinuations,  ends  broadly 
truncate,  straight  or  very  slightly  undu- 
late, obscurely  punctate;  e.v.  elliptic, 
sometimes  somewhat  inflated  at  the 
aiA.e&.=  Euastrum  (Cosmarium)  crenatum 
(Nag.).  F.,G. 

C.  tetragonum  (Nag.  sp.). — Frond  in 
f.v.  about  twice  as  long  as  broad,  oblong, 
constriction  linear;  segments  subquad- 
rate, somewhat  naiTowiug  from  the  base, 
sides  and  end  each  with  three  slight 
sinuations,  those  of  the  ends  rather 
smaller,  in  each  half  one  large  central 
granule ;  s.v.  segments  oval,  rounded, 
constriction  shallow.  =  Euastrum  tetra- 
gonum (Nag.).    I.,  G. 

C.  venustum  (Breb.  sp.). — Frond  some- 
what longer  than  broad,  constriction 
deep,  linear ;  segments  slightly  narrowed 
upwards,  with  two  somewhat  deep  sinua- 
tions at  the  sides,  ends  broad,  truncate, 
slightly  concave  at  the  centre.  =  Euastrum 
venustum  (Breb.).  F. 

3t  Fi'onds  rough  on  the  sm-face,  with 
pearly  granules,  which  give  a  denticu- 
late appearance  to  the  margin. 

C.  tetraophthalmum  (Kg.,  Breb.). — 
Frond  about  a  third  longer  than  broad, 
constriction  deep,  linear;  segments /br»«- 
ing  nearly  ttvo-tliirds  of  a  circle,  rough  on 
the  siuface  with  short  and  broad  scattered 
pearly  granides,  giving  a  crenate  appeai"- 
ance  to  the  margin ;  e.v.  broadly  elliptic. 
Sporangium  orbicular,  spinous ;  spines 
swollen  at  base,  finelv  branched.  L. 
1-232"  ;  B.  1-1326".   "G.B.,  I.,  G.,  F. 

C.  Brebissonii  (Menegh.). — Froud 
somewhat  longer  than  broad,  constric- 
tion deep, linear;  segments se?/!)br?)!wZrtr, 
rough  all  over  with  somewhat  elongate- 
conical  scattered  pearlv  granides ;  e.  v. 
elliptic.  L.  1-285";  B.  1-460".  =  C.  mar- 
garitiferum  (Kg.)  ?    G.B.,  I.,  F.,  G. 

C.  compersum  (Ealfs). — Frond  about 
a  third  longer  than  broad,  constriction 
deep,  linear;  segments  quadrilateral, 
angles  roimded,  rough  all  over  with  de- 
pressed gi-anules  an-anged  in  lines ;  e.v. 
elliptic.  L.  1-162";  B.  1-857".=  C. 
Brebissonii  (Menegh.)  ?    G.B.,  F. 

C.  Ungerianum  (Niig.). — Frond  large, 
rather  longer  than  broad,  constriction 
deep,  linear ;  segments  much  inflated  at 
the  ba.se,  angles  and  sides  rounded,  nar- 
rowing upwards,  end.'i  broadly  truncate, 
rough  at  the  margin,  with  a  few  large 
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rounded  pearly  granules  placed  in  lines, 
the  disc  punctate ;  e.  v.  broadly  elliptic, 
the  large  pearly  gi'aiiides  conjined  to  the 
rounded  extremities,  regularly  disposed  in 
a  few  evident  lines,  the  intermediate 
central  space  punelate.  "  L.  1-37"';  B. 
1-42"'.''^  —  I^uastrum  (Cosmanuni)  Un- 
gerianum  (Nag.).  G. 

C.  ovale  (Ealfs).  —  Frond  very  large, 
elliptic,  neai'ly  twice  as  long  as  broad, 
constriction  very  deep,  lineai" ;  segments 
somewhat  broader  than  long,  sometvhat 
triangular,  rounded  at  ends,  rough,  near 
the  margin,  with  a  band  of  large  pearly 
granules,  producing  a  dentate  appear- 
ance, the  disc  punctate ;  e.  v.  elliptic. 
L.  1-139" ;  B.  1-240".    G.B.,  R,  U.S.A. 

C.  prcmnorsuni  (Breb.). — Frond  rather 
longer  than  broad,  constriction  deep, 
linear ;  segments  broadly  reniform,  sides 
roimded,  ends  somewhat  tiamcate,  rough 
with  pearly  gTannles,  an  anntdar  series 
ofwhich,more  elevated  than  the  rest,  forms 
a  ridge  at  the  end  bounding  a  circular 
depression  ;  e.  v.  elliptic.  F. 

C.  margaritifei-um  (Menegh.). — Frond 
about  as  long  as  broad,  constriction  deep, 
linear  ;  segments  7-enifortn  or  setniorbi- 
cidar,  rough  all  over  tvith  round  and 
scattered  pearly  granules;  e.  v.  elliptic. 
Sporangium  orbicular,  spinous ;  spines 
branched  at  apex.  L.  1-666"  to  1-306" ; 
B.  1-694"  to  1-416".  (i.  l.)=Ursinella 
margaritifera  (Turpin),  Euastjiini  mar- 
garitiferum  (Ehr.,  Nag.),  C.  punctulatum 
(Breb.)  ?  G.B.,  I.,  F.,  G.,  Italy,  U.S.A., 
Mexico. 

C.  Portianum  (Archer). — Frond  about 
one-third  longer  than  broad,  constriction 
deep,  ivide,  somewhat  round  below,  isth- 
mus forming  a  shoH  neck ;  segments  ellip- 
tic, rough  aU  over  with  minvte  scattered 
pearly  c/ranides ;  e.  v.  elliptic.  L.  1-600" ; 
B.  1-930".  1. 

C.  latum  (Breb.). — Frond  lai'ge,  about 
as  broad  as  long,  constriction  deep,  sub- 
linear;  segments  i-enifo7-m.,  rough  with 
rounded  pearly  gi-anules  arranged  in 
somewhat  curved  transverse  lines;  e.v.  ?  F. 

C.  notabile  (Breb.). — Frond  about  one- 
third  longer  than  broad,  constriction 
somewhat  deep,  acute ;  segments  slightly 
longer  than  broad,  broadest  at  the  base, 
gradually  narrowing  itptonrds,  sides  con- 
vex, ends  trimcate,  rougli,  all  over  with 
broad  pearly  granules,  givmg  a  crenate 
appearance  to  the  margin  (endochrome 
in  bands) ;  e.  v.  oval,  turgid.  Sporan- 
gium orbicidar,  beset  with  nimierous 
short  stout  spines,  inflated  at  the  base 
and  deeply  divided  at  the  apex.    F.  G.' 

0.  amamuni  (Bri^b.).— Frond  twice  lis 


long  as  broad,  sides  parallel,  ends  rounded, 
constriction  deep,  linear;  semients  rough 
with  crowded  obtuse  p)apilfu-like  pearly 
gramdes ;  s.  v.  much  compressed,  about 
thi'ice  as  long  as  broad ;  e.  v.  elliptic. 
L.  1-568" ;  B.  1-1141".  G.B.,  F.,  U.S.A. 

C.  Botrytis  (Menegh.). — Frond  rather 
longer  than  broad,  constriction  deep, 
lineal- ;  segments  twice  as  broad  as  long, 
broadest  at  base,  narrowing  upwards,  sides 
rather  rounded,  ends  truncate,  rough  all 
over  with  scattered  rounded  pearly  fa- 
nnies ;  e.  v.  broadly  elliptic.  Sporangium 
orbicular,  spinous;  spines  elongate  and 
slightly  divided  at  the  apex.  L.  1-469" 
to  1-327";  B.  1-625"  to  1-419".  =  irei!e- 
rocarpella  Botrytis  (Bory),  C.  deltoides 
(Corda),  Euastrimi  Botrytis  (Ehr.,  Kg., 
Nag.),  E.  cmgidosum  (Ehr.).  G.B.,  I., 
G.,  F.,  Italy,  U.S.A. 

C.  protr  actum  (Niig.  sp.). — ^Frond  about 
as  broad  as  long,  consti-iction  deep,  linear ; 
segments  twice  as  broad  as  long,  inflated 
and  broadest  at  the  base,  rapidly  tapering 
into  a  sometchat  evident  neck,  sides  very 
concave,  QuAa  abruptly  ti'imcate,  rough  all 
oyer  with  scattered  pearly  gi-aniiles ; 
e.  y.  broadly  elliptic,  slightly  inflated  at 
the  middle,  and  gTaduaUy  sloping  to  the 
roimded  ends.  L.  1-55"'  to  1-33"'.  = 
Euastrum  protractmn  (Nfig.).  G. 

C.  gemniifei-um  (Breb.  in  Lit.  c.  ic).  

Frond_  in  £  y.  about  as  long  as  broad, 
constriction  deep,  sublinear;  segments 
broadest  at  the  base,  gradually  nai-rowino- 
upwards,  sides  convex,  ends  truncate, 
rough  all  over  with  peai-ly  gi-anides, 
somewhat  an-anged  in  radiating  lines 
each  segment  fiu-nished  at  the  middle' 
on  both  surfaces,  with  a  rounded  proUi- 
berance  bordered  with  rp-amdcs ;  e.  v. 
broadly  elliptic,  with  the  central  tiim- 
cate  protuberance  on  each  side.  F. 

0.  Turphiii  (Breb.).— Frond  about  as 
long  as  broad,  constriction  deep,  linear ; 
seg-ments  twice  as  broad  as  long,  some- 
what triangidar,  much  inflated  and 
broadly  rounded  at  the  base,  rapidly  at- 
tenuated, sides  concave,  ends  truncate, 
rough  all  over  with  scattered  pearly 
gramdes,  and  with  a  central  graiudated 
protuberance ;  e.  v.  narrow-elliptic,  vnt\\ 
the  central  broad  truncate  protuberance 
on  each  side.  =  Ileterocarpdla  Didelta 
(Tminn),  C.  Bidelta  (Kg.).    F.,  G. 

C.  birdum  (Br6b.).  —  Fi-ond  in  f.  y. 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  quadrilateral  or  sub- 
hexagonal,  narrowest  at  the  base  and 
dilated  upwards,  convex  or  somewhat 
truncate  at  ends,  rough  all  OA-cr  witli 
small  gi-annles   arranged  sometvhat  in 
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lines ;  e.  v.  with  a  rounded  lobe  on  each 
side  and  roimded  at  cuds.  L.  1-333" ; 
B.  1-372".  G.B.,  F.  Var.  triquctrmn 
(BrtSb.)  :  e.v.  with  three  roimded  angles, 
sides  deeply  sinuous ! 

0.  Broomei  (Thwaites).  —  Frond  in 
f.  V.  about  as  long  as  broad,  constriction 
deep,  linear ;  segments  quadrilateral,  ends 
straight,  angles  rounded,  rough  all  over 
with  minute  granules ;  e.  t.  twice  as  long- 
as  broad,  slightly  inflated  at  the  middle 
and  roimded  at  the  ends.  Sporangium 
orbicular,  smooth.  L.  1-500" ;  B.  1-540". 
(1.7.)   G.B.,  F.,  U.S.A. 

C.  ccelatum  (Ealfs).  —  Fi'ond  in  f.  v. 
about  as  long  as  broad,  suborbiciilar,  con- 
striction deep,  linear;  segments  seniior- 
bicular,  with  six  broad  creizatures  at  mar- 
gin, rough  at  margin  with  scattered 
pearly  gi'anules,  and  at  the  centre  with 
gi-anides  somewhat  concentricalli/  ar- 
ranged; e.v.  twice  as  long  as  broad, 
with  a  broad  inflation  at  each  side.  L. 
1-921"  to  1-581" ;  B.  1-1024"  to  1-608". 
(11.26.)    G.B.,  L,  F. 

C.  ornatum  (Ralfs). — Frond  in  f.  v. 
about  as  long  as  broad,  constriction  deep, 
linear;  segments  semiorbicular  or  siib- 
reniform,  with  a  central  truncate  pro- 
jection at  the  ends  produced  by  the  con- 
tinuation of  a  central  wrflation,  rough 
towards  the  margim  and  on  the  inflation 
with  pearly  gTanules ;  e.  v.  with  a  rounded 
lobe  on  each  side.  Sporangium  orbicular, 
spinous ;  spines  elongated,  dilated  at  the 
base,  and  slightly  divided  at  the  extre- 
mity. L.  1-613" ;  B.  about  the  same. 
G.B.,  F.,  U.S.A. 

C.  Sportella  (Breb.)_. — Frond  about  as 
long  as  broad,  constiiction  deep,  linear ; 
segments  renifomi,  with  a  central  trun- 
cate projection  at  the  ends,  its  angles 
slightly  dilated  and  denticidate,  rough  all 
over  with  scattered  pearly  granules.  F. 

0.  Corbula  (Breb.). —Frond  about  as 
long  as  broad,  constriction  deep,  linear ; 
segments  subreniform,  a  central  truncate 
projection  at  the  ends  ivith  its  angles 
slightly  dilated  and  miiiutely  denticulate; 
furnished  at  the  centre  of  each  segment 
with  a  circular  protuberance  bordered  with 
granules,  and  rough  thereon  and  towards 
the  margim  with  scattered  pearly  gra- 

C.  commissurale  (Br6b.).— Frond  small, 
in  f.  V.  one-third  broader  than  long; 
constriction  very  deep,  rounded;  seg- 
ments narrow-reniform,  ivith  a  central 
somewhat  truncate  projection,  produced  by 
the  continuation  of  the  central  inflation, 
rou(/h  on  the  inflation  and  on  the  extre- 
mities with  somewhat  large  peariy  gra- 


nules ;  e.  V.  three  times  longer  than 
broad,  constricted  between  the  central  in- 
flation and  the  rounded  extremities.  Spo- 
rangium as  in  C.  ornatum.  L.  1-923" ; 
B.  1-663"  to  1-609".  G.,  B.,  F.  fi 
acutum  (Br6b.),  angles  sharper. 

C.  cristatum  (Ralfs).  —  Frond  in  f.  v. 
as  long  as  broad,  orbicular,  constriction 
deep,  linear ;  segments  semiorbicular, 
margined  by  a  series  of  obtuse  papilla- 
like pearly  granules,  and  haviag  at  the 
centre  of  each  a  circular  granulate  infla- 
tion ;  e.  v.  linear,  truncate  at  ends,  with 
a  slight  central  inflation  at  each  side. 
L.  1-700" ;  B.  1-653".    G.B.,  F. 

C.  pluviale  (Breb.  in  lit.  c.  ic). — Frond 
about  one-third  longer  than  broad ;  con- 
striction a  shallow  wide  notch ;  segments 
subovate,  gi-adually  tapering,  ends  round- 
ed, or  broadly  rotimdato-truncate,  rough 
all  over  with  minute  granules ;  e.  v. 
elliptic.  F. 

2*  Frond  not  compressed;  central  con- 
striction rarely  a  deep,  never  a  linear, 
incision,  but  mei-ely  the  result  of  the  form 
of  the  contracted  bases  of  the  segments ; 
e.v.  circular,  or,  very  rarely,  coinpressed. 

t  Frond  rough  with  pearly  gi-anules, 
which  give  a  denticulate  appearance 
to  the  outline. 

C.  Colpopelta  (Breb.  in  lit.  c.  specimine). 
— Frond  rather  more  than  twice  as  long 
as  broad ;  constriction  a  shalloio  contrac- 
tion ;  segments  somewhat  widening  up- 
wards from  the  base,  oval,  sides  and  ends 
broadly  rounded,  vei-y  minutely  granulate, 
granules  scattered ;  e.v.  ckculai-.  F. 

C.  cylindricum  (Ralfs).— Frond  minute, 
in  f. v.,  about  twice  as  long  as  broad; 
segments  subquadrate,  narrotcer  at  the 
junction  and  gradually  widening  %ipicards, 
ends  truncate,  rough  all  over  with  pearly 
OTamdes  somewhat  arranged  in  lines ; 
e.  V.  circidaa-.  L.  1-588"  ;  B.  1-1060". 
(m.  16,  e.v.  l7.)=Penium  Ealfsii  (Kg.). 
G.B.,  I.,  F.  .  ^ 

0.  striolatum  (Nag.  sp.).— Frond  m  f.v. 
about  twice  as  long  as  broad,  elliptic ; 
consti'iction  a  shallow  rounded  sinus; 
segments  with  sides  and  ends  broadly 
rounded,  pearly  gi-amdes  arranged  in  lines 
and  giving  the  margin  a  crcnate  appear- 
ance, except  at  the  central  simts,  which  k 
smooth.  L.  1-16"';  B.  1-33"'.  =  Dy- 
sphinctium  striolatum  (Nag. ).  G. 

0.  o;-&iCT/7rt<«Hi  (Ralfs). —Frond  mmute, 
in  f.  v.,  twice  as  long  as  broad ;  constric- 
tion deep ;  segments  spherical,  rough  all 
over,  except  'at  the  neck-like  contrac- 
tion, yni\\  pearly  gTanules ;  e.  v.  circular. 
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Sporangium  ovbiciilai",  spinous ;  spines 
short,  stout,  conical.  L.  1-498"  to  1-454" ; 
B.  1-750".  =  Pt'wmw  orbictilatiim  (Kg.). 
G.B.,  F. 

2 1  Fi'ond  smooth. 

C.  maniliforme.  (RaLfs).  —  Frond  mi- 
niite,  in  f.  v.  twice  as  long  as  broad ; 
constiiction  deep ;  segments  spherical, 
smooth ;  e.  v.  circidar.  L,  1-G17" ;  B. 
1-1131".  =  Tessarthronia  mo7iilifonms 
(Turp.),  Tessarthra  moniliformis  (Ehr.). 
G.B.,  L,  F.,  G. 

C.  connatum  (Brdb.).  —  Frond  large, 
in  f.  V.  about  one-half  longer  than  broad ; 
constriction  shallow ;  segments  about  two- 
thirds  of  a  circle,  coax&&\.j  punctate,  and 
■with  a  distinct,  sometimes  striated,  bor- 
der; e.v.  circidai-.  L.  1-285";  B.  1-1155". 
=  Dysphinctium  Meneghinianum  (Nag.). 
G.B.,  F.,  U.S.A. 

C.  Cucurbita  (Br^b.). — Frond  inf. v. 
about  twice  as  long  as  broad ;  constric- 
tion a  shallow  groove ;  segments  sub- 
cylindrical,  or  somewhat  oval,  with 
roimded  ends ;  e.  v.  circidar ;  e.  f.  punc- 
tate, the  puncta  scattered.  L.  1-586"  ; 
B.  \-Yl5b" .=Penium  clandestinum  (Kg.). 
G.B.,  I.,  F.,  G. 

0.  Palangula  (Br6b.). — ^Frond  in  f.  t. 
about  two  and  a  half  times  as  long  as 
broad;  constiiction  a  shallow  groove; 
segments  cylindrical ;  ends  obtuse ;  e.  v. 
cii'cular ;  e.  f.  minutehj  punctate,  the 
pimcta  arranged  in  transverse  lines.  F. 

C.  ?  crudferum  (De  Bary). — Frond 
minute,  in  f.  v.  about  twice  as  long  as 
broad ;  constiiction  an  extremely  shallow 
groove;  segments  subcylindrical ;  ends 
broadly  rovmded;  endochrome  composed 
of  four  broad  plates  cutting  each  other  at 
right  angles ;  e.  v.  circular,  endochrome 
cruciform ;  e.  f.  not  punctate.  L.  1-143"'; 
B.  1-287"'.  G. 

C.  Tliwaitesii  (Ealfs). — Frond  in  f.  v. 
two  or  three  times  longer  than  broad; 
constriction  a  veiy  shallow  groove ;  seg- 
ments subcylindrical,  with  rounded  ends ; 


endochrome  scattered ;  e.  v.  circular,  or 
very  slightly  compressed ;  e.f.  not  punctate, 
or  puncta' very  indistinct.  L.  1-357"; 
B.  1-801".  =  Penium  crassiusculum  (De 
Bary)  P   G.B.,  F.,  G.,  U.S.A. 

0.  ciirtum  (Br(5b.).  —  Frond  in  f.  v. 
rather  more  than  twice  as  long  as  broad ; 
constriction  very  shallow;  segments  at- 
tenuated and  rounded  at  ends ;  endoch'ome 
in  fillets ;  e.  v.  cu'cidar,  endochrome  ra- 
diate. L.  1-465" ;  B.  1-1064".  =  PemMm 
curtimi  (Br^b.,  Kg.),  Dysphinctium  Rege- 
lianum  (Nag.)  ?    G.B.,  F.,  G. 

C.  attenuatum  (Breb.). — Frond  in  f.  v. 
fusiform,  three,  or  sometimes  four,  times 
longer  than  broad ;  constiiction  veiy 
shallow ;  segments  conical,  rapidly  at- 
tenuated, ends  angular,  obtuse  ;  e.  v.  cir- 
cidar ;  e.  f.  punctate.  L.  1-420" ;  B. 
1-1099"  to  1-1068".    G.B.,  F. 

C.  parvulum  (Breb.). — Frond  minute, 
in  f.  V.  ovato-elliptic,  about  one  and  a 
half  times  longer  than  broad ;  centi'al 
constriction  a  very  shallow  groove ;  seg- 
ments tapering,  ends  broadly  rotundato- 
truncate ;  e.  f.  not  punctate.  F. 

0.  turgidum  (Br^b.).  —  Frond  veiy 
large,  in  f  v.  oval,  turgid,  rather  more 
than  twice  as  long  as  broad ;  constiiction 
a  shallow  sinus ;  segments  somewhat 
tapering,  broadly  rounded;  e.  v.  cii'cidar; 
e.  i.  pimctate.  L.  1-126";  B.  1-249". 
=  Pleurotcmium  turgidum  (De  Bary). 
G.B.,  F.,  G. 

C.  JDe  Baryi  (nobis).  — Frond  in  f.  v. 
about  twice  as  long  as  broad ;  constric- 
tion a  loide  shallow  notch ;  segments 
cylindiical,  vdth  broadly  roimded  ends ; 
endochrome  arranged  in  parietal  indented 
bands ;  e.  v.  circular ;  e.  £  minutely  punc- 
tate or  pimcta  nhseui.  =  Pleurot<snium 
Cosmarioides  (De  Baiy).  G. 

With  great  deference,  we  place  the 
above  species  here,  as  described  by 
M.  de  Bary,  coinciding  with  M.  de  Br(5- 
bisson  in  thinlring  the  disposition  of  the 
endochrome  not  sufficiently  constant  to 
foi-m  the  genus  Pleurottenimn. 


^  Genus  XANTHIDIUM  (Ehr.).  —  Frond  deeply  constricted;  segments 
broader  tlian  long,  compressed,  entire,  spinous,  having  a  circular,  cylinclrical 
or  conical  projection  on  hotli  surfaces  near  the  centre,  which  is  tuberculated  or 
dentate,  or  entire ;  end  view  elliptic. 

noted  by  three  or  four  diverging  points ; 
central  projections  cylindrical,  truncate, 
the  border  dentate ;  e.  f  punctate.  "  Spo- 
rangium largo,  orbicidar,  \vith  depi'essed 
tubercles ;  perhaps  immature  "  (Ralfs). 
L.  1-180";  B.  1-270".  (i.  27,  28.)  = 
Zygoxanthium  Echinus  (Kg.).    G.B.,  I., 


*  Spines  divided  at  the  apex. 

Xanthidium  armatum  (Brdb.).  — 
Frond  large,  in  f  v.  twice  as  long  as 
broad ;  constiiction  deep,  linear  ;  seg- 
Tiicnts  broadest  at  the  base  ;  ends  rounded 
or  somewhat  truncate;  S2nncs  in  pairs, 
principally  marginal,  short,  stout,  termi- 
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X.  (?)  Artiscon  (Ehr.).— Frond  in  f.  v. 
about  118  long-  as  broad  ;  constriction 
forming'  a  wkle  notch ;  segments  narrowed 
at  the  base,  with  broadly  roimded  ends ; 
spines  numerous,  restricted  to  the  outer 
mari/in,  scattered,  elongate,  stout,  termi- 
nated by  three  or  foiu'  diverging  points. 
=  Asteroxanthium  Arctiscon  (Kg.).  G. 

2  *  Spines  subulate. 

X.  aculeatum  (Ehr.).  —  Frond  in  f.  v. 
broader  than  long ;  constriction  deep, 
linear ;  segments  somewhat  reniforni ; 
spines  subulate,  short,  scattered,  chiefly 
marginal ;  central  protuberance  cylin- 
drical, truncate,  border  minutely  dentate. 
L.  (not  including  spines)  1-380" ;  B. 
1-1347"  to  1-393".  =  Zygoxanthium 
aculeatum  (Kg.).    G.B.,  I.,  F.,  Italy,  G. 

X.  Brebissonii  (Ralfs). — Frond  in  f.  v. 
broader  than  long;  constriction  deep, 
acute,  not  linear;  segments  subelUptic, 
sometimes  irregular ;  spines  subulate, 
geminate,  marginal ;  centi-al  protuberance 
cylindrical,  tnmcate,  border  minutely 
dentate.  L.  (not  including  spines)  1-416"; 
B.  1-408"  to  1-365".  =  X.  bisenarium 
(Ehr.),  Zygoxanthium  aculeatum  (Kg.). 
/3,  segments  broader  and  more  irregular, 
spines  somewhat  iiTSgular  and  unecLual. 
G.B.,  L,  R,  G.,  U.S.A. 

X.  fasciculatum  (Ehr.).— Frond  about 
as  long  as  broad ;  constriction  deep, 
lineal- ;  segments  somewhat  reniform  or 
subhexagonal,  twice  as  broad  as  long; 
spines  slender,  subulate,  geminate,  mar- 
ginal, in  four  or  six  pairs ;  centi'al  pro- 
tuberance short,  conical,  somewhat  trun- 
cate, a,  segts.  with  fom-  pairs  of  spines. 
=  X.  antilopoium  (Br(5b.),  X.  polygonum 
(Haas.,  Breb.).  L.  (not  including  spines) 


1-454"  to  1-350";  B.  432"  to  408".  ji, 
segts.  with  six  pairs  of  spines.  =  X.  fasci- 
culatum, var.  polygonum  (Ehr.),  X.  fas- 
ciculatum (Hass.,  Breb.).  L.  1-481"  ; 
B.  1-516".   G.B.,  I.,  F.,  G.,  Italy,  U.S.A. 

X.  cristatum  (Brdb.). — Frond  rather 
longer  than  broad ;  constriction  deep, 
linear ;  segments  subrenifor7n,  or  truncate 
at  ends ;  spines  straight  or  curved,  subu- 
late, marginal,  one  at  each  side,  at  the 
base  of  the  segment,  solitary,  the  others 
geminate,  in  foiu-  pairs;  central  protu- 
berance short,  conical,  a,  segts.  reni- 
form, spines  scarcely  cm-ved.  L.  (not 
including  spines)  1-357";  B.  1-499". 
(n.  18  &  23.)  /3,  segments  ti-imcate  at 
ends,  spines  imcinate.  L.  1-469";  B. 
1-625".    G.B.,  I.,  F.,  U.S.A. 

X.  Smithii  (Archer). — ^Frond  minute, 
in  f.  V.  about  as  long  as  broad ;  constric- 
tion ta  wide  notch ;  segments  twice  as 
broad  as  long,  trapezoid,  lower  margin 
somewhat  convex,  sides  narrowing  up- 
wai'ds  and  sti-aight,  ends  broad  and 
straight,  angles  roimded,  each  of  the  four 
angles  presenting  a  ^jaiV  of  somewhat 
divergent,  short,  minute,  acute  spines ;  s.  v. 
constriction  shallow,  obtuse ;  segments 
with  rounded  sides,  ends  trimcate,  each 
upper  angle  furnished  with  a  minute  spine, 
beneath  each  of  tchich,  about  half  way 
down,  there  occurs  another  similar  spine, 
all  the  spines  somewhat  divergent ;  e.  v. 
subeUiptic,  or  broadly  fusifoi-m,  ends 
blunt,  rounded,  furnished  with  three  mi- 
nute spines,  none  on  the  sides;  centi-al 
protuberance  a  minute  tubercle,  apparent 
always  in  this  ^iew,  but  in  s.  v.  some- 
times hidden  by  the  projecting  centi-al 
spines.    L.  1-1166" ;  B.  1-1272".  G.B. 


Genus  ARTHRODESMUS  (Ehr.).— Frond  deeply  constricted  ;  segments 
compressed,  either  wxi^  four  prominent  angles  and  a  single  or  geminate  sj^ni^, 
or  a  tooth,  at  each  angle,  or  having  one  spine  or  acute  tooth  only,  on  each  side, 
at  each  upper  or  outer  extremity;  without  a  central  projection;  e.  v.  ellqytic 
or  fusiform. 


*  Segments  with  four  prominent  angles 
and  a  simph  or  gemuiate  spine,  or  an 
acute  tooth,  at  each  angle. 

Arthbodesmus  octocornis  (Ehr., 
Hass.,  Breb.).— Frond  smooth,  minute, 
about  as  long  as  broad;  constriction  a 
wide  notch ;  segments  much  compressed, 
trapezoid,  each  angle  tonniuated  by  one 
or  two  straight,  subulate,  acute  spines,  the 
intervals  between  the  angles  concave. 
a,  spino  solitary  at  each  angle.  L. 
1-1.351";  B.  1-1538".  (i.  30.)  larger. 


spines  geminate  at  each  angle.  L. 
1-1020" ;  B.  1-906".  (i.  29.)  =  3Iicra- 
sterias  octocornis  (Menegh.,  ICg.),  Xan- 
thidium  octocorne  (Ehr.,  Ralfs).  G.B., 
I.,  F.,  G.,  Italy,  U.S.A. 

A.  bi^dus  (Breb.).  —  Frond  smooth, 
very  minute,  about  as  broad  as  lon^: 
segments  somewhat  arcuate,  inner  margin 
convex,  outer  concave,  extremities  diver- 
gent, emarqinate,  each  angle  terminatinp 
in  an  acute  tooth ;  e.  v.  compressed,  fusi- 
form, with  a  short  acute  spiiu-  or  tooth 
at  each  end.  F. 
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2  ♦  Seipnents  loith  a  sinyh  acute  tooth  or 
spine  at  each  side, 

A.  minutus  (Kg.).  —  Fi-oud  very  mi- 
nute, smooth,  two  or  three  times  long-er 
than  broad ;  consti'iction  a  minute  acute 
notch ;  segments  nairoiv,  latet-al  margins 
parallel,  ends  roimdly  concave,  angles 
slightly  produced  into  minute  spmes 
du-ected  upwai'ds.    F.,  Gr. 

A.  Pittacium  (Brt5b.  sp.). — Frond  mi- 
nute, smooth,  two  or  tlu'ee  times  longer 
than  broad ;  constriction  a  minute  acute 
notch ;  segments  very  slightly  injlatcd  at 
the  base,  sides  curved,  end  margin  roimdly 
concave,  angles  acute.  =  Euastrum  Pit- 
tacium (Breb.).  F. 

A.  Incus  (Hass.).  —  Frond  minute, 
smooth,  as  long  as  or  longer  than  broad ; 
constriction  a  deep  notch  or  sinus ;  seg- 
ments with  inner  margin  turgid,  outer 
truncate,  spines  subulate,  acute.  Sporan- 


"ium  orbicular,  spinous ;  spines  subulate. 
&.B.,  I.,  F.,  G.,  U.S.A.  a,  segments 
somewliat  semiorbicular,  connected  by 
a  distmct  neck,  spines  diverging.  L. 
1-1100"  to  1-16G0";  B.  1-19G0"  to 
1-1420".  /3,  segments  gibbous  near  the 
base,  spines  parallel  or  converging,  (m. 
36.)   L.  1-833";  B.  1-1116". 

A.  suhulatus  (Kg.). — Frond  minute, 
smooth,  about  as  long  as  broad;  cou- 
sti-iction  a  wide  acute-angled  notch; 
segments  hroadly  fusiform,  spines  hori- 
zontal, straight,  slender,  subidate;  ends 
convex.    G.,  U.S.A. 

A.  convergens  (Ehr.). — Frond  smooth, 
broader  than  long;  consti'iction  deep, 
acute ;  segments  elliptic,  each  having  its 
lateral  spines  curved  torvards  those  of  the 
other ;  ends  convex.  L.  1-1539"  to  1-598" ; 
B.  1-1477"  tol-5M'.  =  Staurastrum  con- 
vergens (Menegh.),  Euastrum  convergens 
(Niig.).    G.B.,  I.,  F.,  G.,  U.S.A. 


Genus  STAUEASTEUM  (Meyen). — Proud  more  or  less  deeply  constricted 
at  the  middle ;  segments  broader  than  long,  often  provided  with  spines  or 
processes ;  end  view  angular  or  radiate,  or  circular  luitli  a  lobato-radiate 
margin,  or  very  rarely  compressed  with  a  process  at  each  extremity. 


*  Segments  inf.  v.  with  each  of  the  oppo- 
site lateral  extremities  furnished  toith  a 
mucro  or  a  simple  subulate  acute  awn 
or  s].nne,  which  in  e.  v.  terminates  the 
angles,  and  without  others  intermediate. 

t  Segments  smooth,  angles  in  e.  v. 
inflated,  sides  concave. 

Staurastrum  dejectum  (Bri^b.). — Seg- 
ments in  f.  V.  lunate  or  elliptic,  smooth, 
mucrones  or  awns  du-ected  upwards,  pa- 
rallel or  convergent ;  e.  v.  with  three  or 
fom'  angles,  angles  injlated,  mammillate, 
terminated  by  a  mucro  or  awn,  sides 
concave  at  the  centi-e.  Sporangiiun  or- 
bicular, at  first  covered  with  minute  hair- 
like  spines,  afterwards  beset  with  stout 
subulate  spines,  and  placed  between  the 
deciduous  empty  fronds.  L.  1-833" ;  B. 
1-757".  =  Goniocgstis  (Trigonocgstis)  mu- 
cronuta  (Hass.).  a,  segments  externally 
limate,  awns  directed  outwards  ;  /3,  seg- 
ments elliptic,  awns  parallel ;  y,  awns 
converging.    G.B.,  I.,  F.,  U.S.A. 

S.  apicidatum  (Breb.). — Segments  in 
f.  V.  somewhat  turbinate,  smooth,  oppo- 
site lateral  extremities  rounded,  external 
margin  straight,  furnished  at  each  side  on 
the  upper  outer  vuirgin  near  the  lateral 
extremities  toith  a  simple,  short,  subulate, 
acute  s))ine  directed  upumrds ;  o.  v.  witli 
three  angles,  angles  inllated,  mannnillate, 
temiinated  by  a  short  acute  spiue,  sides 


j  concave.  Sporangium  orbicular,  beset 
I  with  conical  spines,  enlar^d  at  the  base 
I  and  obtuse  at  the  apex.  F. 

S.  Dickiei  (Ralfs). — Segments  in  f.  v. 
subeUiptic,  turgid,  smooth;  spines  short, 
curved,  acute,  converging  vsdth  those  of 
the  opposite  segment;  e.  v.  with  three 
angles,  angles  injlated,  rounded,  termi- 
nated by  a  spine,  sides  concave  at  the 
centre.  L.  1-855" ;  B.  1-929".  G.B.,I.,F. 

S.  brevispina  (Breb.). — Segments  in  f.  v. 
elliptic  or  somewhat  reniform,  very  tur- 
gid, smooth ;  mucrones  minute,  inconspi- 
cuous; e.  V.  with  three  angles,  angles 
inflated,  broadly  roimded,  temiinated  by 
an  inconspicuous  mucro,  sides  concave  at 
thecenti-e.  L.  1-502" ;  B.  1-510".  G.B., 
I.,F. 

S.  cus}ndatttm  (BriSb.). — Segments  in 
f.  v.  fusiform,  or  truncate  on  outer  mar- 
gin, connected  by  a  long  narrow  band, 
smooth  ;  awus  subulate,"  straight,  acute, 
parallel  or  somewhat  converging ;  e.  v. 
with  three  or  four  angles,  angles  inflated, 
mammillate,  terminated  by  an  awn,  sides 
concave  at  tlic  centre,  f^porangium  or- 
bicular, covered  all  over  by  the  enlarged 
bases  of  the  few  spines,  which  arc  ulti- 
mately nuich  attenuated  and  acute.  L. 
1-883" ;  B.  1-1000".  (i.  3 1-34.)  =  Phyc- 
astruin  cuspidatum  (Kg.),  P.  spinnhsum 
(Niig.).    O.K.,  I.,  F.,(}.,  Italy. 

S.  aristiferum  (Ualfs).  —  Segmeuts 
3  n 
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smootli,  iu  f.  V.  proloug'ed  at  each  lataral 
extremity  into  a  inammiUate  projection, 
■which  is  termuiated  by  a  subulate,  acute, 
straight  awu,  the  awns  divergent ;  e.  v. 
■with  three  or  four  angles;  angles  inflated, 
mammillate,  terminated  by  an  a^wn,  sides 
deeply  concave  at  the  centre.  L.  1-657"; 
B.  1-1064".    G.B.,  F.,  U.S.A. 

2  t  Segments  smooth,  angles  in  e.  v.  not 
inflated,  sides  sti-aight,  or  nearly  so. 

S.  O'Mearii  (Archer).  —  Segments 
smooth,  in  f.  v.  some-what  cuneiform, 
gradually  widening  upwards,  outer  margin 
truncate,  a^wns  acute,  divergent ;  e.  v.  ■with 
thi'ee  or  fom*  acute  angles  tei-minated  by 
an  awn,  sides  straight.  Sporangimn  orbi- 
cidai',  spinous;  spiaes  subulate,  acute, 
ultimately  somewhat  inflated  at  the  base, 
a,  e.  V.  ■with  four  angles,  a^wns  compa- 
ratively sJiort.  L.  1-1866";  B.  1-2500". 
^,  e.  V.  ■with  three  angles,  a^wns  longer. 
L.  1-1750" ;  B.  1-2300".  I. 

S.  minus  (Kg.).  —  Segments  smooth, 
very  minute,  in  e.  v.  with Jive  angles,  each 
terminated  by  a  very  minute  acute  spine ; 
sides  sti-aight.  G. 

S.  glahrmn  (Kg.). — Segments  smooth, 
in  f.  V.  cimeate,  ends  concave  or  straight, 
spines  slender,  mucro-like;  e.v.  ■with  three 
mucronate  angles,  sides  concave.    I.,  G. 

3t  Segments  roiigh  with  minute 
gramiles. 

S.  lunatum  (Ilalfs). — Segments  in  £  v. 
externally  lunate,  the  inner  margins  con- 
vex, the  outer  somewhat  truncate,  and 
rough  ■with  minute  granules;  spines  subu- 
late, acute,  curved,  obliquely  directed  out- 
wards and  upwards ;  e.  v.  with  three  in- 
flated roimded  angles,  terminated  by  a 
spine,  sides  concave  at  the  centre.  L. 
1-856";  B.  1-686".  G.B. 

S.  gramdosmn  (Ralfs). — Segments  in 
f,  V.  broadly  fusiform,  granulate,  lateral 
extremities  pointed,  mucronate;  e.  v.  ■with 
three  subacute  mucronate  angles,  sides 
convex.  =  Desmidiutn  granulosum  (Ehr.), 
S.  amtum  (Breb.).    F.,  G. 

2  *  Segments  in  f.  v.  loith  each  o  f  the  op- 
posite lateral  extremities  furnished  with 
a  mucro  or  a  simple  subidate  sjnne, 
which  in  end  view  terminates  the  angles, 
and  is  accompanied  by  others  inte)-me- 
diate  of  a  similar  character. 
S.  pungens  (Br6b.).— Segments  in  f.  v. 
externally  lunate,  the  inner  margin 
curved,  the  outer  truncate,  smooth  ;  the 
lateral  marginal  spines  subulate,  curved, 
directed  obliquely  outwards  and  upwards. 


with  six  other  spines  on  the  outer  margin, 
also  directed  outwards ;  e.  v.  with  three 
angles,  each  terminated  by  a  spine,  and 
with  two  others  at  its  base  on  the  upjjer 
surface,  and  divergent  at  opposite  sides, 
sides  nearly  straight  or  slightly  convex. 
G.B.,  F.,  ij.S.A.  ^ 

S.  cristatum  (Nag.  sp.). — Segments  in 
f.  V.  broadly  elliptic,  inner  margin  some- 
what inore  tm-gid  than  the  outer,  sub- 
mammillate  at  each  side,  terminated  by  a 
mucro  or  short  spine,  and  possessing  on  the 
outer  margin  a  few  others  directed  towards 
the  angles:  e.v.  with  three  subacute  mu- 
cronate angles ;  sides  convex,  with  an  in- 
wardly curved,  submargmal,  single  series 
of  short  mucro-like  spines  dii-ected  to- 
wards the  angles,  sometimes  wanting 
near  the  middle.  L.  1-540" ;  B.  1-543". 
=  Fhycastrum  {Puchy actinium)  cristatum 
(Nag.),  Staurastrum  nitidum  (Ai-cher). 
I,  G. 

3  *  Segments  with  each  of  the  opposite 
lateral  extremities  furnished  with  a  bijid 
or  forked  spine,  its  subdivisions  subulate, 
acute,  in  e.  v.  terminating  the  angks, 
and  ap)pearing  as  a  mucro-like  spine, 
with  or  without  intermediate  spi7ies. 
S.  Avicula  (Breb.). — Segments  in  f.  v. 
triangidai-  or   cimeate,   ends  truncate, 
smooth,  ■with  a  single  forked  spine  on 
each  side ;  e.  v.  ■with  three  inflated  angles, 
the  bifid  spine  appearing  as  a  mucro,  sides 
concave.  L.  1-967";  B.  1-948".  (m.  18, 

e.  v.  19.)    G.B.,  F. 

S.  denticidutum  (Nag.  sp.). — Segments 
in  f.  v.  subelliptic,  inner  margin  some- 
what more  tm-gid  than  the  "outer,  both 
midulate  or  toothed  in  a  scolloped  manner, 
with  an  unequally  forked  or  geminate 
spine  on  each  side,  the  upper  longer  than 
the  lower,  the  lateral  projections  having  a 
series  of  transverse  rows  of  minute  gra- 
nules; e.  V.  -with  three  subacute  angles, 
the  spine  appearuig  as  a  mucro,  sides 
slightly  concave  at  the  centre,  the  mar- 
gin toothed  as  mentioned  before.  "  L. 
1-70"';  thickness  1-55"'." =Phycastrum 
denticidatum  (Niig.).  G. 

S,  armigerum  (Breb.). — Segments  in 

f.  V.  turgid  on  inner  margin,  outer  trim- 
cate,  smooth,  ■with  a  forked  spine  on  each 
side,  and  a  few  simple  or  forked,  sometimes 
minute,  spines  disposed  at  equal  intervals 
between,  on  the  outer  margin ;  e.  v.  with 
three  angles,  the  bifid  spine  appearing  as 
a  mucro,  and  the  intermediate  spines 
projecting  on  each  side.  Sporangium  or- 
bicidar,  spines  numerous,  elongate,  sub- 
linear,  forked  at  the  apex.  =  S.  sjnnosum 
(Ralfs).    G.B.,  I.,  F. 


OF  THE  DESMIDIEJE. 


739 


S.  monticidosum  (Br(5b.).  —  Segnienta 
in  f.  V.  broadly  elliptic,  smooth,  Nvdth  a 
forked  spine  on  each  side,  and  at  the  end 
six  stout  conical  pi-q/cctions  directed  up- 
wards, each  termimiicd  by  an  acute  spine; 

e.  V.  with  three  or  four  acute  angles,  sides 
concave,  the  terminal  'jirojections  extend- 
i7ig  on  each  side,  conjluent  at  their  bases, 
from  beneath  which  a  minute,  subulate, 
spine-like  iiro/ection  ainses  between  them 
and  each  angle.  L.  1-500" ;  B.  1-700". 
=  Stephanoxanthium  monticulosum  (Kg.). 
G.B.,  I.,  F. 

S.  Ehrenbe7-gianum. — The  longitudiaal 
outline  of  the  segments  obliquely  oval, 
the  kmer  niargiu  convex,  diverging,  the 
outer  mai'gin  ver'y  convex  and  broadly 
trimcate  at  the  ends ;  the  sides  in  e.  v. 
slightly  undidate,  membrane  smooth, 
ha^ing  at  each  angle  a  large  spine,  di- 
vided to  the  middle,  consisting  of  two 
legs,  and  on  the  terminal  smface  three 
pairs  of  such  spines,  and  between  each 
of  them  and  the  angles  a  pair  of  smaller 
simpler  spines.  =  Phycastrum  Ehrenber- 
yia7mm  (N'dg.).  "L.  1-66"';  thickness 
1-70"'."  "We  have  not  seen  a  drawing 
of  the  above  species,  and  give  the  above 
description  foUowiag  as  nearly  as  pos- 
sible Nageli's  own  words,  inserting  it 
here  as  most  probably  its  most  fitting 
place. 

4:*  Segmmts  with  numerous  simple  acute 
spines,  in  f.  v.  no  one  in  pai'ticidar  ter- 
minating the  opposite  lateral  extremities; 
e.  V.  angles  entire,  rounded,  the  spines 
scattered. 

S.  hirsutum  (Br6b.). — Segments  in  f.v. 
semiorbicular,  separated  by  a  linear  con- 
striction, covered  loith  very  minute,  very 
numerous,  close-set  hair-like  spines ;  e.  v. 
with  three  broadly  rounded  angles,  the 
spines  evenly  and  mmierously  scattered ; 
sides  slightly  convex.  Sporangium  or- 
bicular, beset  with  short  spines,  branched 
at  the  apex.  L.  1-676"  to  1-468":  B. 
1-8.3.3"  to  \-mO".=Xanthidium  hirsutum 
(Ehr.,  Kg.),  Goniocystis  (Trigonocystis) 
muricata  (Hass.).    G.B.,  I.,  F.,  U.S.A. 

S.  pilosum  (Niig.  sp.). — Segments  in 

f.  v.  obliquely  elliptic,  slightly  divergent, 
the  outer  margin  more  tiirgid  than  the 
inner;  e.  v.  with  three  roimded  angles, 
sides  concave ;  scattered  all  over,  except  a 
small  space  at  the  centre,  with  extremely 
fine  hair-like  spines,  minutely  capitate  at 
their  extremities;  sm-face  betAveen  the 
spines  smootli.  "  L.  1-55"'  ;  thickness 
1-66"'."  Phycastrum  pilosttm(N'dg.).  M. 


de  BriSbisson  is  disposed  to  doubt  the 
accuracy  of  Nageli's  drawing  {Mnzell. 
Alg.  8  A.  lig.  4),  the  spines  are  indeed 
80  very  cmious. 

S.  JBrebissonii  (nobis).— Segments  in 
f.  V.  ovato-lanceolate,  the  lateral  extre- 
mities rounded  and  furnished  thereon 
with  numerous  short,  close-set,  hair-like 
spines,  otherwise  smooth ;  e.  v.  with  three 
broadly  roimded  angles,  the  spines  co?«- 
fincd  to  the  extremities,  sides  concave.  = 
S. pilosum  (Breb.).  F.  We  are  obliged 
to  alter  the  specific  name  of  this  species, 
— pilosum  having  been  employed  by  Na- 
geli  before  for  the  preceding  species. 

S.  ei-osum  (Breb). — Segments  in  f.  v. 
elliptic,  the  lateral  extremities  fiu'nished 
with  nmnerous  extremely  short  acute 
spines,  sometimes  inconspicuous,  sm"- 
face  granulated  all  over ;  e.  v.  with  three 
broadly  roimded  angles,  the  spines  con- 
fined to  the  angles,  sides  concave.  F. 

S.  echinatum  (Breb.).  —  Segments  in 
f.  v.  elliptic,  fiimished  with  numerous 
spines,  somewhat  broad  at  their  base,  ex- 
ceedingly acute,  chiefly  confined  to  the  outer 
margin;  e. v.  with  three  angles;  angles 
and  sides  broadly  roimded,  bordered  all 
rounds  by  the  spines.  F. 

S.  teliferum  (Ralfs). — Segments  in  f.v. 
elliptic  or  subreniform,  furnished  with  a 
few  scattered,  elongate,  subidate,  acute 
spines ;  e.  v.  with  three  broadly  rounded 
angles,  the  spines  scattered,  chiefly  con- 
fined to  the  extremities,  surface  between 
the  spines  smooth,  sides  concave.  Spo- 
rangium orbicular,  beset  with  numerous 
elongate  linear  spines,  forked  at  the  apex. 
L.  1-597";  B.  1-64.3".  (m,  20,  e.  v.  21.) 
G.B.,  L,  F. 

S.  Hystrix  (Ralfs).  —  Segments  in 
f.  V.  sicbquadrate,  extremities  somewhat 
rounded,  etid  mat-gin  nearly  straight,  fur- 
nished with  a  few  scattered,  subidate, 
acute  spines,  chiefly  confined  to  the  late- 
ral extremities ;  e.  v.  with  three  or  four 
broadly  rounded  angles,  the  spines  scat- 
tered, chiefiy  confined  to  the  extremities, 
sides  concave.  L.  1-1075"  to  1-1020" ; 
B.  1-1165"  to  1-954".  G.B. 

5  *  Segtnents  loith  numc7-ous  short,  trun- 
cate, emarginate,  scattered  spines,  prin- 
cipally coffined  to  the  margins;  c.v. 
angles  rouiuJed ;  if  angles  spinous,  no 
spine  in  particular  conspicuoudy  larger 
than  the  others  terminating  the  angles. 

S.  spongiosum  (Breb.). — Segments  in 
f.v.  semiorbicular,  furnislied  witli  scat- 
tered  short,  stout,  forked  spines,  the 
spines  at  the  lower  basal  angle  of  eaqh 
3  I)  2 
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rather  larger  than  the  others ;  g.v.  with 
three  somewhat  rounded  angles,  sides 
convex,  and  bordered  all  round  icith  the 
spines.  L.  1-506"  to  1-418"  ;  B.  1-523" 
to  1-476".  (ra.  22,  e.  v.  2S.)  =  Desmidium 
ramosmn  (Ehr.),  AsteroxantMum  ramo- 
sum  (Kg-),  Phycastmm  Grrffithsiamim 
(Nag.).    G.B.,  i.,  F.,  G.,  U.S.A. 

S.  scahrum  (Br6b.). — Segments  in  f.v. 
siibelUptic  or  broadly  fusiform,  very 
rougli  or  denticulate  at  the  margin ;  e.v. 
with  three  roimded  denticulate  angles, 
sides  straight,  bm-dercd  by  minute,  short, 
truncate  e^naryinate  spines.  F. 

S.  aspermn  (Br6b.). — Segments  in  f.v. 
broadly  elliptic,  very  rough,  with  very 
minute,  short,  truncate  or  forked  spines 
chiefly  confined  to  the  outer  margin; 

e.  v.  with  three  rounded  angles,  sides 
straiffht.  Sporangium  orbicular,  beset 
with  nmnerous  elongate  spiaes,  twice 
branched  at  the  apex.  L.  1-555";  B. 
1-615".    G.B.,  I.,  F. 

6  *  Segments  without  spines ,  e.v.  angles 
rounded. 

t  Frond  smooth. 

S.  muticum  (Br^b.). — Segments  in  f.v. 
elliptic,  smooth,  without  spines  ;  e.v.  with 
three  or  fotu-  broadly  rounded  angles,  sides 
concave.  Sporangium  beset  with  nume- 
rous elongate  somewhat  stout  spines, 
forked  at  the  apex.  L.  1-674";  B. 
1-686".  nr:*^.  tvUobum  (Menegh.),  Phyc- 
astrum  muticum  (Kg.),  P.  depressum 
(Nag.).    G.B.,  I.,  F.,  Italy,  U.S.A. 

S.  orbicular e  (Kalfs).  —  Segments  ia 

f.  V.  semiorbicular,  smooth,  without 
spines  ;  e.  v.  with  three  broadly  roimded 
angles,  sides  slightly  concave.  L. 
1-1037"  ;  B.  1-llOQ".  =  Desmidiuni  orbi- 
culare  (Ehr.),  Phycastrum  orhiculare 
(Kg.),  Goniocystis  (Trigonocystis)  orbi- 
cularis (Hass.).  G.B.,  i.,  F.j  G.,  Italy, 
U.S.A. 

S.  coarctatum  (Br^b.). — Segments  ob- 
long, lateral  extremities  roimded,  inner 
margin  convex,  outer  someiohat  concave  at 
the  centre  (inversely  reniform),  smooth  ; 
e.v.  with  three  inflated  roimded  angles, 
sides  concave.  F. 

S.pygmceum  (Br6b.). — Segments  in  f  v. 
cuneiform,  outer  margin  slightly  convex, 
smooth;  e.v.  with  three  blunt  angles, 
sides  slightly  convex.  Sporangiiun  orbi- 
cular, "  beset  with  protuberances  bearing 
each  two  bifurcate  spines  at  theii-  sum- 
mits."   F.,  G. 

2t  Segments  having  the  projecting  por- 
tions surrounded  by  annular  ta-ansverse 
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linos  (rows  of  puncta  or  minute  gra- 
nides  ?). 

S.  striolatum  (Niig.  sp.). — Segments 
in  f.  V.  reniform,  divergent,  ends  concave, 
each  of  the  lateral  poHions  crossed  by 
about  five  transverse  lines  (annular  row.s 
of  closely  set  puncta  or  minute  gi'a- 
nulesP);  e.v.  witli  three  rounded  angles, 
sides  concave,  each  of  the  projections 
crossed  as  before  by  about  five  transverse 
lines,  the  central  portion  smooth.  L. 
1-100".  =  Phycastrum  striolatum  (Niig.). 
G. 

3t  Fronds  rough  superficially  with  scat- 
tered granules.  (Sometimes  S.  tri- 
corne  might  be  thought  almost  to  come 
in  here ;  but  the  extremities  in  that 
species  are  more  prolonged  into  di- 
stinct processes,  usuaUj'  coloiu-less, 
and  mostly  divided  at  the  apex.  Here, 
also,  might  S.  asperum  and  S.  scabrum 
seem  to  fall  in ;  but  they  are  provided 
with  very  short  and  trimcate  spmes  on 
some  part  of  their  margin.) 

S.  murieatum  (Breb.). — Segments  sid)- 
elliptic,  the  outer  margin  more  turgid 
than  the  inner,  rough  all  over  with 
scattered  conic  granules ;  e.v.  with  three 
angles,  both  angles  and  sides  broadly 
rounded.  L.  1-409";  B.  ] -474".  =  I)es- 
midium  apiculostmi  (Ehr.),  Xanthidium 
deltoidmm  (Corda),  Phycastrum  ajn'culo- 
sum  (Kg.),  P.  murieatum  (Kg.),  Gonio- 
cystis (Trigonocystis)  mtcricata,^  (Hass.). 
G.B.,  R,  G.,  Italy. 

S.  jmnctulatum  (Breb.). — Segments  ia 
£v.  elliptic,  equal,  rough  with  scattered 
puncta-like  granules;  e.v.  with  thi-ee 
broadly  rounded  angles,  sides  concave. 
L.  1-704"  ;  B.  1-881"..  G  B.,  I.,  F. 

S.  rugulosum  (T3reb.). — Segments  in 
f.v.  broadly  elliptic,  equal,  rough  with 
scattered  gramdes,  giving  a  denticulate 
appearance  to  the  margin,  especially  at 
the  opjwsite  lateral  extremities  ;  e.v.  with 
three  broadly  rounded  denticulate  angles, 
sides  straight  or  nearly  so.  F. 

S.  pileolatum  (Bri^lj.). — Segments  in 
f.v.  quadrate,  the  basal  imgles  rounded 
and  rough  with  minute  gramdes,  sides 
with  a  broad  shallow  sinus,  the  upper 
margin  terminating  in  three  conspicuous, 
large,  rounded,  conical,  very  slightly  di- 
vergent projections,  which  are  rough  with 
minute  gi-anules;  e.v.  with  three  rounded 
angles,  sides  entii'e.  F. 

S.  Capitulum  (Br6b.).— Segments  in 
f.v.  quadrate,  sides  with  a  romidod  sinus 
at  the  middle,  the  basal  and  upper  angles 
crenated,  rounded,  upper  margin  straight ; 
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e.  v.  with  tlireo  broadly  rounded  crenated 
angles,  sides  nearly  straight,  each  with  a 
slight  shallow  depression  or  constriction  at 
the  vuddle.  F. 

S.  alternans  (Brt5b.)-— Segments  inf.  v. 
elliptic  or  oblong,  tw^o  or  three  times 
as  broad  as  long,  separated  by  a  wide 
sinus,  twisted,  unequal ;  rough  with  very 
minute  pearly  gi-auules ;  e.v.  with  three 
obtuse  and  rounded  angles,  fomiing  short 
not  colourless  rays,  alternating  with 
those  of  the  other  segment,  sides  con- 
cave. L.  1-1037" ;  B.  1-1106-;.  (n.16,17.) 
=  Gonioci/stis  {Trigonocystis)  hexaceros 
(Hass.),  'S.  dispar  (Bv6h.)  ?  G.B.,  I., 
R,  U.S.A. 

S.  dilutatum  (Ehr.).  —  Segments  in 

f.  V.  fusiform,  then-  lateral  exti-emities 
obtuse,  'equal,  rough  with  pimcta-like 
pearly  granules;  e.v.  with  fom-  rotim- 
dato-truncate  angles,  forming  short, 
broad,  not  eolomless  rays,  sides  concave. 
L.  1-1201";  B.  1-1381".  =P/M/cas/;n<»i  di- 
latatum  (Kg.),  Goniocystis  {Staurastrum) 
dilatata  (Hass.).  G.B.,  I.,  F.,  G.,  Italy, 
U.S.A. 

S.  crenatum  (Bailey). — Segments  in 
f.v.  fan-shaped  in  oidline,  separated  by  a 
tvide  rounded  sinus,  inner  margin  concave, 
smooth,  outer  semicircular,  crenate ;  e.v. 
with  three  rotimdato-truncate  crenate 
angles,  sides  concave,  smooth.  U.S.A. 

7*  Segments  with  or  without  spines;  171 
f.  V.  tcith  spines  (if  any)  few  and  scat- 
tered; in  e.  V.  angles  emarginute  or 
bifid,  or  truncate  and  the  extremities 
plane  and  quadrangular. 

S.  bifidum  (Ralfs). — Segments  in  f.v. 
.  .  .  .  ;  in  e.v.  with  three  acutely  bifid  or 
emarginute  angles,  the  teeth  acute ;  sides 
concave.  =  Desmidium  bifidum  (Ehr.), 
Phycastrum  bifidum  (Kg.),  nec  Gonio- 
cystis {S.)  bifida  (Hass.).    F.,  G. 

S.  quadrangulare  (Breb.). — Segments 
in  f.v.  sidjquadrate,  vnth  a  few  short 
bifid  or  tooth-like  sjnnes  spi'eading  laterally, 
otherwise  smooth  ;  e.v.  with  foui'  trun- 
cate and  emar(/inate  angles;  sides  concave. 
L.1-1157";  B.1-11G3".  (in.  24,  e.v.  25.) 
^,  angles  in  e.v.  broader,  With,  four  teeth 
at  the  extremity,  and  tioo  minute  teeth  on 
upper  side  (Breb.).    G.B.,  F. 

S.Cerberus  (BaQey). — Segments  in  f.v. 
truncato-oblong,  smooth;  the  opposite 
lateral  extremities  abruptly  truncate,  ex- 
ternally plane  and  quadrangular,  the  an- 
gles drawn  out  into  ncute  spine-like  ex- 
tensions or  teeth,  two  projecting  upwards 
and  two  downwards;  e.v.  with  three 
abruptly  truncate  angles,  extremities  as 


in  f.v.  plane  and  quadi-angular,  the  teeth 
at  the  angles  divergent.  U.S.A. 

8*  Segments  loithout  spines;  in  f.v.  and 
e.v.  ' the  angles  terminated  by  either  a 
cons2ncuous  rounded  nipph-like  projec- 
tion, or  an  enlarged  rounded  knob,  or 
an  elongate  capitate  process. 
S.  tumidum  (Breb.).— Segments  in  f._V 
elliptic,  turgid,  smooth;  theii-  margin 
striated,  and  their  opposite  lateral  ex- 
tremities fm-nished  with  a  rounded  con- 
spicuous nipple-like  pirojection  ;  e.v.  with 
three  or  four  angles,  the  nipple-like  pro- 
jection  terminating  the  angles,  sides 
convex ;  e.  f.  punctate  ;  gelatinous  in- 
vestment very  evident.    L.  1-200"  :  B. 
1-250".  =  aS'.  orbicidare  (Menegh.),  Phyc- 
astrum tu7nidum  (Kg.).    G.B.,  I.,  F. 

S.  globidatum  (BrSb.).  —  Segments  in 
f.v.  fusiform,  capitate;  e.v.  with  three 
angles,  each  enlarged  into  a  roimded 
qramdated  knob,  sides  nearly  straight, 
(m.  26,  e.v.  27.)  F. 

S.  bacillare  (Breb.). — Segments  in  f.v. 
somewhat  arcuate,  eachdinergent  from  the 
opposite  segment,  somewhat  attenuated, 
finally  capitate,  smooth;  e.v.  with  from 
three  to  five  capitate  x&js,.-=  Phycastrum 
bacillare  (Kg.).  F, 

9*  Segments  in  f.v.  with  the  opposite 
lateral  extremities  each  tapering  into  a 
single  more  or  less  elongate  colourless 
process  divided  at  the  apex,  which  in 
e.  V.  terminates  the  angles,  ivith  or  with- 
out intermediate  simpile  or  truncate 
spines. 

t  Segments  smooth. 

S.  brachicdum  (Ralfs). — Segments  in 
f.v.  smooth,  narrow  below,  widening  up- 
wards, ends  truncate,  the  lateral  extre- 
mities each  jiroduced  into  a  smooth,  elon- 
gate, straight,  tapering,  divergent  process, 
bifid  or  tiifid  at  the  apex ;  e.v.  tri-  or 
quadriradiate,  sides  concave.  L.  1-1111"; 
B.  1-1785".  =  Goniocystis  (S.)  bifida 
(Hass.),  Phycasinmi  Italfsii  (Kg.).  G.B., 
L,  F.,  G. 

2t  Segments  rough  -with  superficial 
granules,  those  on  the  processes  ar- 
ranged in  transverse  lines.  (S.  poly- 
mnrphum  has  sometimes  a  few  incon- 
spicuous scattered  spines.) 

S.  tricorne  (BriSb.). — Segments  in  f.v. 
somewhat  fusiform,  often  twisted,  rough 
with  minute  puncta-likc  granules,  taper- 
ing at  each  sule  into  a  short  usually  co- 
lourless pyoccss,  blunt,  or  divided  at  the 
apex ;  e.v.  tri-  or  quadriradiate,  processes 
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short,  usually  coloiirless,  sides  somewhat 
concave.  Sporangium  orbicular,  beset 
with  spines  ultimately  branched  at  the 
apex.  L.  1-1275"  to  1-972" ;  B.  1-948" 
to  1-697".  =Desmidiuin  hexaceros  (Elir.). 
Phycastrum  tricorne  (Kg.),  P.  trihhatuin 
rKg-.)  ?  P.  hexaceros  (Kg^  ?,  P.  RaJfsii 
(Niig.),  P.  crenulatum  (Nag.  ia  part). 
G.B.,  L,  F.,  G.,  U.S.A. 

S.  cyrtocerum  (Breb.). — Segments  in 
f.  V.  suhcuneate,  gradually  widening  up- 
wards, truncate  at  the  end  margin, 
rough  with  miaute  granules,  the  lateral 
processes  incurved,  divided  at  the  apex ; 

e.  v.  triradiate,  processes  short,  cm'ved, 
sides  slightly  concave.  L.  1-800" ;  B. 
1-500".  =  Phycastrum  cyrtocerum  (Kg.). 
G.B.,  I.,  R,  U.S.A. 

S.  infiexum  (BriSb.). — Segments  in  f.v. 
broadly  elliptic,  inner  and  outer  margin 
turgid,  rough  with  minute  granrdes, 
lateral  processes  incurved,  short,  divided 
at  the  apex;  e.v.  tri-  or  quadriradiate, 
processes  short,  sides  concave.  F. 

S.  brachycermn  (TBreb.). — Segments  in 

f.  v.  ovato-lunate,  inner  margin  turgid, 
outer  equally  rounded,  rough  all  over  with 
minute  gTanules,  and  on  the  outer  mar- 
gin very  rough  with  minute,  acute,  short, 
almost  spine-like  gi-anules ;  lateral  pro- 
cesses incm-ved,  divided  at  the  apex ; 
e.  V.  triradiate,  processes  short,  straight, 
sides  somewhat  concave.  F. 

S.  polymorphum  (Breb.).  —  Segments 
in  f.v.  broadly  elliptic  or  almost  circular, 
rough  with  muiu.te  granules  (sometimes 
with  a  few  minute  scattered  spines), 
processes  short,  stout,  tipped  by  three  or 
fom'  divergent  spines;  e.v.  with  three, 
fom",  five,  or  six  angles,  each  produced 
into  a  short  stout  process.  Sporangium 
orbicidar,  beset  with  elongate  spines, 
forked  or  branched  at  the  apex.  L. 
1-1000";  B.  1-1157".  (ii.  20,  21,  24,  25, 
&  31.)    G.B.,  I.,  F.,  U.S.A. 

S.  gracile  (Ralfs). — Segments  in  f.v. 
triangidar,  ends  truncate,  rough  with 
minute  granides,  tapering  at  each  side 
into  elongate,  straight,  slender,  horizontal 
processes,  teimiaated  by  three  or  four 
minute  sprues  ;  e.v.  triradiate,  processes 
straight,  sides  concave.  L.  1-773"  to 
1-539" ;  B.  1-348"  to  1-372".  (m.  28, 
e.v.  29.)  =  Goniocystis  (Trigonocystis) 
(/racilis  (Hass.),  Phycastrum  fjracile 
(Kg.).  G.B.,I.,F. 

S.  parudoxum  (Meycn).  —  Segments 
in  f  V.  (/raduuUy  icidening  upwards,  the 
ends  truncate,  rough  with  minute  gra- 
nules, processes  straight,  elongate,  slen- 
der, divergent,  trifid  at  the  apex;  e.v. 
tri-  or  quadriradiate,  processes  straight. 


sides  straight  or  very  slightly  concave. 
L.  1-941" ;  B,  1-1165".  =  Phycastrum 
paradoxum  (Kg.),  Goniocystis  (S.)  paru- 
doxum (llass.).  G.B.,  I.,  F.,  G.,  Italy, 
U.S.A.  ;    ^     »  » 

3t  Segments  fui-nished  with  variously 
disposed  spines,  which  are  either  sim- 
ple, or  short  and  notched  at  the  apex. 

S. p7-oboscideum  (Br6b.). — Segments  in 
f.v.  broadly  cuneiform,  ends  somewhat 
convex,  rough  with  very  minute,  short, 
truncate  spines,  chiefly  confined  to  the 
outer  margin,  processes  short,  thick,  tiihd 
at  the  apex ;  e.  v.  triradiate ;  processes 
short,  stout,  sides  concave.  L.  1-555" ; 
B.  1-500".  =S.  asperum,  ^  (Ralfe,  Breb.). 
G.B.,  I.,  F. 

S.  controversum  (Br^b.). — Segments  in 
f.v.  elliptic  or  broadly  fusiform,  some- 
times iiTCgidar,  fiu-nished  with  scattered, 
irregular,  simple  or  notched  spines;  pro- 
cesses short,  generally  curved,  spinulose, 
terminated  by  minute  spines ;  e.  v.  tri- 
radiate, the  processes  ttvisted  or  curved. 
Sporangium  orbicular,  spinous ;  spines 
twice  branched.  L.  1-972" ;  B.  1-886". 
Goniocystis  {Trigonocystis  ?)  acideatum 
(Hass.).    G.B.,  I.,  F. 

S.  aculeatum  (Menegh.). — Segments 
in  f.v.  broadly  fusiform,  furnished  with 
thickly  scattered  simple  or  notched  spines ; 
processes  elongate,  s^nnulose,  straight,  ter- 
minated by  minute  spines;  e.v.  3-5- 
radiate,  the  processes  straight,  sides  con- 
cave. L.  1-666" ;  B.  1-500".  =Desmiditan 
aculeatum  (Eh.),  Phycastrum  aculeatum 
(Kg.),  Goniocystis  (Trigonocystis)  aculea- 
tum (Hass.).    G.B.,  I.,  F.,  G.,  Italy. 

S.  vestitum  (Halfs). — Segments  in  f  v. 
fusiform,  outer  margin  bordered  by  minute 
emarginate  spines ;  processes  elongate, 
rough,  terminated  by  minute  spines; 
e.v.  tru'adiate,  the  processes  elongate 
straight,  sides  concave,  furnished  at  the 
middle  tcith  a  j)air  of  conspicuous  slender 
forked  spines,  sometimes  accompanied  by 
a  few  others  shorter,  either  simple  or 
notched.  L.  1-625"  ;  B.  1-384".  (in.  30, 
e.v.  31.)    G.B.,  I.,  F. 

S.  oxyacantha  (Archer). — Segments  in 
f  V.  broadly  fusiform,  rough  tcith  minute 
granules,  frirnislied  on  the  outer  margin 
with  six  subulate  acute  depressed  spines 
(fom"  of  which  are  apparent  in  this  view ) ; 
processes  elongate,  incurved,  the  granules 
thereon  arranged  in  ti-au.sverse  lines,  ter- 
minated by  three  or  four  minute  spines  ; 
e.  V.  ti-u-adiate,  the  processes  elongate 
straight,  sides  somewhat  concave,  end 
fm-nished  at  the  middle  with  a  pair  of 
very   slender  extremely   acute  subulate 
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spines  proiecting  to  each  side.  L,  1-770 ' ; 
B.  1-580''  to  1-636".  I. 

10*  Sefpnents  in  f.v.  with  the  opposite 
lateral  extremities  terminatino  in  one 
or  tioo  elongate  colourless  processes 
mostly  divided  at  the  apex ;  and  in  e.v. 
either  taperim/  into  a  single  process  at 
each  angle,  and  furnished  icith  others 
between  or  above  of  a  similar  character 
definite  in  number,  or  the  angles  fur- 
nished with  two  short  processes  side  by 
side  and  unaccompanied  by  others. 

t  Segments  at  end  view  with  the  addi- 
tional processes  more  than  one  for  each 
angle,  and  placed  on  the  margin  or 
upper  sm-face,  and  diverging  laterally. 

S.  fiircatum  (Brdb.).  —  Segments 
smooth,  in  f.v.  broadly  elliptic,  fiu-nished 
at  each  opposite  lateral  exti-emity  with  a 
colourless  bifid  process,  and  with  six 
othe)-s  similar  and  divergent  on  external 
margin  (four  only  of  which  ai'e  iisually 
visible) ;  e.v.  with  three  acute  angles, 
each  tapering  into  a  tenninal  process, 
and  each  bearing  two  others  on  the  upper 
surface,  placed  to  each  side,  and  project- 
ing laterally.  L.  1-860";  B.  l-906".= 
Xanthidium  furcatum  (Ehr.),  Astero- 
xanthiuni  furcatum  (Kg.),  A.  bisenarium 
(Kg-)?   "G.B.,  I.,  F. 

S.  senarium  (Ehr.).  —  Segments 
smooth,  in  e.v.  with  three  angles,  each 
terminating  in  a  short  process  tipped  by 
minute  spines,  and  having  six  other  short 
forked  processes  on  the  margins,  two  at 
each  side  and  projecting  laterally,  and 
six  others  on  the  uppe)'  surface,  confluent 
at  their  bases,  divergent  at  their  exti'e- 
mities,  and  forked ;  sides  sti'aight.  (n.  7.) 
=  Stephanoxanthium  senarium  (Kg.). 
U.S.A. 

S.  emtephanum  (Ehr.).  —  Segments 
granulate,  in  e.v.  with  three  angles,  each 
terminating  in  a  short  process  tipped  by 
minute  spines,  tvithout  lateral  processes, 
but  with  six  others  coniluent  at  their 
bases  on  the  upper  sm'face,  divergent  and 
forked,  (n.  .3.)  =  Stephanoxanthium  euste- 
2)hanum  (I^g.).  U.S.A. 

S.  JEJirenbergii  (Corda). — "  Corpuscles 

Ear  pane,  vus  de  c6t6,  ovales ;  vus  d'en 
aut,  tiiangidaires,  mimis  de  six  ap- 

Sendicea  temiinaux  et  lateraux,  et  de 
eux  autres  appendices  centraux,  qui 
sont  com-ts,  blancs,  en  foiu-chette,  mais  a 
pointes  divergentes "  (Corda,  '  Obs. 
Micr.  des  Animalcides  de  Carlsbad,' 
1840).  In  Corda's  figure  tlie  f.  v.  is 
somewhat  like  that  of  <S.  furcatum.  The 
segments  arc  broadly  fusljfonn,  the  pro- 


cesses ai'e  all  very  short  and  stout,  and 
the  bifiu-cations  very  divergent  (formed 
indeed  somtnohat  like  the  tail  of  a  fish). 
=  Xanthidium  Mrenbergii  (Corda,  c). 

S.  artictdatum  (Corda).—"  Corpuscles 
ovales,  par  paire,  munis  aux  deux  bouts 
d'lm  appendice  a  deux  cellules,  qui  se 
divise  encore  en  forme  de  fourcliette,  et 
lat^ralement  en  deux  appendices  plus 
longs  a  quati-e  ceUides,  et  ime  pointe  en 
fom'chette.  Sur  les  deux  cottSs  plats,  se 
trouvent  deux  protubi^rauces  ti-ans- 
versales,  egalement  pomwues  de  deux 
aUongements  cellidau'es  en  fourchette" 
(Corda,  I.  c).  In  Corda's  figm-es  the  seg- 
ments in  f.v.  are  elliptic,  the  processes 
stout,  elongate,  ti-ansversely  striated  (by 
rows  of  gi'anules?),  bifm'cate,  the  bifurca- 
tions reciu'ved.=X.  artictdatum  (Corda). 
Neither  of  the  tigiu-es  of  the  foregoing  is 
explanatory ;  both,  however,  seem  to  be 
distinct  species. 

2t  Segments  with  the  additional  pro- 
cesses one  for  each  angle,  and  placed 
on  the  upper  sm'face  immediately 
above  those  terminating  the  angles. 

S.furcigerum  (Br^b.).  —  Segments  in 
f.  V.  twice  as  broad  as  long,  separated  by 
a  deep  constiiction,  rottgh  loith  pearly 
granules,  terminating  at  each  side  in  two 
elongate,  stout  processes,  bifid  at  the  apex, 
placed  one  above  the  other,  the  inferior 
horizontal,  the  superior  directed  ob- 
liquely outwards  and  divergent,  both 
having  the  granules  thereon  in  ti-ans- 
verse  lines ;  e.  v.  v^ith  three  or  fom* 
angles,  each  extremity  terminating  in  a 
process  and  having  the  other  immedi- 
ately above  it  on  the  upper  sm'face,  sides 
concave  at  the  centre.  L.  1-333" ;  B. 
1-357"  inch  processes.  (lu.  32,  e.v.  33.) 
= Didymocladonfurcigerus  (Ralfs),  Aste- 
roxanthium  furcigm-um  (Kg.),  Xanthi- 
dium coronatum  (Ehr.)  ?,  A.  coronatum 
(Kg.)?   G.B.,  I.,  E.,  G.,  U.S.A. 

S.  longispinum  (Bail.  sp.).  —  Segments 
in  f.  V.  ti'iangidar,  tmncate  on  outer  mar- 
gin, smooth,  teiiniaating  at  each  side  in 
two  much  elongated  stout  processes,  sub- 
acute at  the  apex,  placed  one  above  the 
other,  divergent  j-  e.  v.  with  three  angles, 
each  extremity  terminated  by  a  process 
and  having  the  other  immediately  above 
it  on  the  upper  sm-face,  side  straight.  = 
Didymocladon  lowiispinum  (Bailev). 
U.S'.A. 

3t  Segments  with  two  processes  from 
each  angle  placed  sicle  by  side. 
S.  lave  (lialfs).— Sogniente  in  f.  v.  ex- 
ternally btnate  or  somewhat  cuneato,  with 


744 


SYSTEMATIC  HISTOHY  OF  THE  nTPTJSOUIA. 


tlie  ends  somewhat  protuberant,  smooth, 
terminatinjj  at  oacE  side  in  a  pair  of 
short  sfmit  processes  plncecl  side  hy  side 
(one  only  of  which,  however,is  apparent), 
dii'ected  upwards  and  divergent,  forked 
at  the  apex;  e.  v.  with  thuee  or  foiu* 
angles,  each  terminated  hy  the  pair  of 
short  processes  separated  hy  a  rounded 
sinus,  sides  deeply  concave.  L.  1-1220" ; 
B.  1-2127".    GT.B.,  F. 

11  *  Segment's  in  f.  v.  with  each  opposite 
lateral  extremity  terminatinyin  a  colour- 
less process,  either  short,  rounded,  and 
detitate,  or  elongate  and  entire  at  the 
end;  e.v.  circular,  margined  with  from  \ 
Jive  to  seven  processes,  or  compressed, 
and  with  hut  tioo  processes.  (S.  poly- 
morphum  sometimes  has  Jive  rays,  and 
the  e.  V.  appears  almost  circular,  hut  the 
extremities  of  the  processes  are  not  entire 
hut  tipped  with  minute  spines.) 

t  End  view  circvdar. 

S.  sexcostatum  (Bv6h.). — Segments  in 
f.  V.  siihorhicidar,  furnished  on  each  side 
with  a  short,  hroad,  truncate,  dentate  pro- 
cess, and  with  slight  crenate  elevations 
on  the  outer  margin ;  e.  v.  circular,  bor- 
dered by  Jive  or  six  short,  rounded,  den- 
tate, colourless  tnarqinal  rays.  L.  1-661" ; 
B.  1-833"  to  1-694".  =  Goniocystis  (Pen- 
tasterias)  Jenneri  (Hass.),  Stiphanoxan- 
thium  sexcostatum  (Kg.).    G.B.,  I.,  F. 

S.  margaritaceum  (Menegh).  —  Seg- 
ments in  f.  V.  gradually  widening  up- 
wards, rough  with  pearly  granules,  outer 
margin  convex,  produced  at  each  side 
into  a  colourless,  more  or  less  attenuate 
short  process,  having  the  granules  in 
transverse  lines,  blunt  and  entire  at  the 


apex ;  e.  v.  circular,  bordered  by  from 
live  to  seven  short,  narrow,  obtuse,  co- 
lourless, granulate  marginal  rays.  L. 
1-1176";  B.  1-1000"  inch  processes, 
(ill.  34,  e.v.  35.)  =  Pentasterias  margu- 
ritacea  (Ehi\),Phycastrum  7nargaritaccum 
(Kg.),  Ooniocystis  (Pent.)  margaritacea 
(Ilass.),  Phycastrum  rotundatum  (Kg.). 
G-.B.,  I.,  F.,  G.,  U.S.A. 

S.  Arachne  (Ralfs). — Segments  in  f.  v. 
suborhicular,  rough  with  minute  gra- 
nules, lower  margin  turgid,  outer  convex, 
tapering  at  each  side  into  an  elotigate, 
slender,  incurved  2}>'ocess  having  the  gra- 
nules thereon  in  ti'ansverse  lines,  entire 
t  at  the  apex ;  e.  v.  cii'cular,  bordered  by 
five  slender,  linear,  colourless  marginal 
rays.  L.  1-1020";  B.  1-652"  incl.  pro- 
cesses. =  Goniocystis  (Petitasterias)  ar.ach- 
nis  (Hass.),  Phycastrum  Arachne  (Kg.), 
P.  radiatum  (Kg.)  ?.    G.B.,  F. 

2 1  End  view  compressed. 

S.  tetracerum  (Balfe).  —  Segments  in 
f.  V.  gi-aduaUy  widening  upwards,  rough 
with  minute  granules,  outer  margin 
tnmcate  or  concave,  tapering  at  each 
lateral  extremity  into  an  elongated,  very 
slender,  colourless  process,  having  the 
granules  thereon  in  transverse  lines, 
entire  at  the  apex  and  divergent ;  e.  v. 
much  compiressed,  with  a  process  at  each 
extremity.  L.  1-2703";  B.  1-1785".  = 
S.  paradoxum  (Ehr.),  Goniocystis  (S.  ?) 
paradoxum  (Hass.),  Phycastrum  jmra- 
doxum  (Kg.).    G.B.,  L,  F.,  G.,  U.S.A. 

[S.  enorme  (Ralfs)  is  omitted,  tliis 
plant  having  been,  as  we  think,  shown 
by  De  Bary  (op.  cit.)  to  be  a  Poly- 
edrium.] 


2.  Fronds  distinctly,  faintly,  or  not  at  all  constricted  at  the  middle,  very 
rarely  less  than  three  times,  mostly  many  times  longer  than  broad. 
Sporangia  smooth,  and  either  spherical,  elliptic,  quadrate,  or  cruciform. 

Genus  TRIPLOCEEAS  (Bailey). — Frond  very  elongate,  straight,  coustricted 
at  the  middle ;  segments  with  numerous  whorls  of  knot-like  projections,  ends 
three-lobed,  lobes  bidentate.  Endochrome  with  a  terminal  rounded  clear  space, 
in  which  are  active  granules. 


Tmplocekas  verticillatum  (Bailey). 
—  Frond  stout,  sutui-e  prominent,  seg- 
ments about  eight  or  ten  times  longer 
than  broad,  with  numerous  whorls  of 
prominent,  broad,  truncate,  emarginate 
projections,  (in.  37.)  =  Docidium  verti- 
cillatum (Ralfs).  U.S.A. 


T.  gracile  (Bailey^.  —  Frond  rather 
slender,  suture  prominent,  segments  ten 
or  twelve  times  longer  than  broad,  with 
numerous  whorls  of  prominent,  some- 
what triangular,  rmmdly  blunt  projec- 
tions. =  Docidium  i^erticiUatum  (Rails). 
U.S.A. 


Genus  DOCIDIUM  (Breb.). —  Frond  very  elongate,  straight,  constricted  at 
the  middle ;  segments  with  an  inflation  at  the  base  (vciy  rai-ely  not  so),  often 
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Avith  Others  above,  or  with  whorls  of  knot-Hke  projections,  ends  ahruptly 
truncate.  Endochrome  with  a  terminal  rounded  clear  space  at  each  end,  in 
which  are  active  granules. 


DociDitiM  vemicosum  (Bailey).  — 
Frond  rather  stout,  suture  forming  a 
rim  ;  segments  five  or  six  times  longer 
thaii  broad,  with  numerous  small  equal 
undulations  due  to  so  many  whorls  of 
small  tubercle-like  prominences;  ends 
entire.  U.S.A. 

D.  nodosum  (Bailey).  —  Frond  stout, 
sutiu-e  forming  a  rim ;  seg-ments  three  or 
four  times  as  long  as  broad,  with  four 
2}rominent  inflated  nodes,  including  the 
basal,  which  is  somewhat  the  largest, 
and  which  are  due  to  so  many  whorls  of 
knot-lilie  prominences  or  laa-ge  tubercles  j 
ends  entire ;  e.  v.  crenate.  U.S.A. 

D.  coronatum  (Br6b.).  —  Frond  stout, 
suture  forming  a  thickened  projecting 
rim ;  segments  four  to  six  times  as  long 
as  broad,  taperi^ig,  regularly  inflated  up- 
wards from  the  base,  so  as  to  produce 
an  undulated  margin,  the  basal  inflation 
the  most  prominent,  the  others  less  so, 
and  wantmg  towai'ds  the  ends ;  ends 
bordered  by  prominent  tubercles,  projecting 
all  round;  e.  v.  ckcular,  bordered  by  the 
tubercles ;  e.  f.  coarsely  pimctate.  F. 

D.  undulatum  (Bailey). — Frond  slender, 
suture  foi-ming  a  minute  rim,  segments 
eight  to  ten  times  as  long  as  broad, 
idth  six  or  eight  sinuations  at  regular  in- 
tervals, producing  as  many  inflations 
besides  the  basal,  which  is  not  larger 
than  the  others ;  ends  and  bases  crenate. 
U.S.A. 

D.  Ehrenbergii  (Ealfs) . — ^Frond  slender, 
linear;  suture  formiag  a  very  shai-ply- 
defined  rim;  segments  eight  to  twelve 
times  longer  than  broad,  basal  inflation 
having  another  smaller  one  above  it,  sides 
otherwise  straight,  ^rtra??e^;  ends  crenate, 
owing  to  a  number  of  emarginations 
from  the  edge  of  the  truncate  extremi- 
ties, from  three  to  five  of  the  crena- 
tures  being  usually  visible ;  e.  f.  punc- 
tate, or  rough  with  minute  gi'anules. 
Sporangium  suborbicular  or  elliptic,  or 
slightly  angular,  smooth,  plated  between 
the  deciduous  empty  fronds.  Ciliated 
zoospores  formed  by  segmentation  of  the 
cell-contents,  and  their  emission  efi'ected 
through  the  opened  apex  of  each  of  one, 
two,  or  three  specially-formed  lateral 
tubes  arising  from  beneath  the  base  of 
one  of  the  segments  (vide  supra,  p.  716 ; 
HI.  46, 47).  L.1-71"  to  1-59";  B.  1-1111" 
to  1-961".  (IT.  8  &  n.)=Pleiirotcemum 
Ehrenherf/hii  (De  Barv).  O.B.,  I.,  F.,  ()., 
U.S.A. 


D.  clavatum  (Kg.).  —  Frond  slcndei; 
suture  scarcely  prominent,  segments 
eight  or  ton  times  as  lon^  as  broad, 
slightly  clavate  near  the  ends,  and  ulti- 
matdy  somewhat  attenuated,  basal  infla- 
tion sometimes  solitary,  sometimes  hav- 
ino-  another  slight  one  above  it;  ends 
entire;  e.  f.  pimctate.  L.  1-65" ;  B.  1-813". 
(ii.  9.)  =  Pleurotcenium  clavatum  (De 
Bary).    G.B.,  I.,  F.,  G.,  U.S.A. 

D.  nodulosum  (Breb.).  —  Frond  very 
stout,  the  thickened  sutiu-e  fonning  & 
projecting  rim;  segments  fom'  to  six 
times  as  long  as  broad,  scarcely  atte- 
nuated, regularly  inflated  at  ititervals  so 
as  to  produce  an  imdulated  margin,  the 
basal  inflation  the  most  prominent,  the 
others  as  they  approach  the  ends  less  so, 
where  they  are  indistinct  or  wanting; 
ends  entire ;  e.  f.  coarsely  punctate.  L. 
1-50";  B.  1-428".  =D.  crenulatum  (Ehr.), 
Pleurotcsniuni  nodulosum  (De  Bary). 
G.B.,  I.,  F.,  G.,  U.S.A. 

D.  truncatuni  (Breb.).  —  Frond  stout, 
the  thickened  suture  fonning  a  lim ;  seg- 
ments three  or  fom-  times  longer  than 
broad,  tapering,  basal  inflation  solitary, 
sides  otherwise  gradxially  curved ;  ends  en- 
tire ;  e.  f.  punctate.  =  Pleurotceiiiuni  trun- 
catum  (Nfig.,  De  B.).  L.  1-81"  to  1-72" ; 
B.  1-527"  to  1-429".    G.B.,  I.,  F.,  G. 

D.  constrictum  (Bailey).— Frond  stout, 
suture  not  prominent ;  segments  five  or 
six  times  longer  than  broad,  not  at- 
tenuated, with  four  distinct  equidistant 
sinuatiom  producing  foiu'  equal  gently 
cmwing  prominences  besides  the  basal 
inflation ;  ends  entire.  U.S.A. 

D.  Bacidum  (Brdb.). — Frond  slender, 
sutm'e  not  prominent ;  segments  very 
many  times  longer  than  broad,  basal 
inflation  very  con^ncuous,  solitary,  sides 
othei'wise  straight,  very  nearly  p)arallel, 
large  gi-amdes  of  the  endochrome  in  a 
single  series ;  ends  entire ;  e.  f.  without 
puncta.  L.  1-111" ;  B.  1-1937".  (iii.  38.) 
=  Pleurotcenium  Baculum  (De  Baiw). 
G.B.,  R,  G.,  U.S.A. 

D.  minutum  (Ralfs).  —  Frond  slender, 
suture  not  prominent ;  segments  four  to 
six  times  longer  than  broad,  somewhat 
tapering,  inflation  obsolete,  sides  straight, 
ends  entire ;  e.  f.  without  puncta.  L. 
1-212";  B.  1-1582".  =  Pcnmm  Ralfsii 
(De  Baiy).    G.B.,  I.,  F.,  G.,  U.S.A. 

D.  hirsidiim  (Baih^y).  —  Frond  rather 
slender,  .suture  not  prominent,  segments 
four  to  six  times  as  long  as  broad, 
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not  tapering,  inflation  obsolete,  ends  en- 
tire, surface  all  ovct  minutely  spinous,  or 
hirsute.  U.S.A. 
Kiitzing  (Sp.  Alg.)  describes  one  or 


two  other  species  of  Docidium ;  but  the 
characters  given  seem  liardly  distinctive, 
and  appear  sometimes  more  like  generic 
characters  re-stated. 


Genus  TETMEMOEUS  (Ealfs).-rrond  elongate,  straight,  cylindrical  or 
fusiform,  constricted  at  the  middle ;  segments  more  or  less  tapering,  not  in- 
flated at  the  base,  ends  with  an  acute  incision,  the  subdivisions  rounded 
otherwise  quite  entire.  ' 


TETMEMOBtrs  Brebissonii  (Ealfs).  — 
Frond  about  five  or  six  times  longer 
than  broad ;  in  f.  v.  with  parallel  sides, 
the  consti-iction  a  very  shallow  groove ; 
in  s.  V.  fusiform,  the  constriction  very 
slightly  deeper ;  endochi-ome  with  a  lon- 
gitudinal series  of  light-colom-ed  large 
granules ;  e.  f.  punctate,  the  puncta  in 
longitudinal  rows.  L.  1-142" ;  B.  1-704". 
(u.  12  &  13.)  =  Closterium  Brebissonii 
(Menegh.),  Penium  monile  (Kg.),  P.  stri- 
ato-punctatum  (Kg.)  ?  G.B.,  I.,  F.,  G., 
Italy,  U.S.A.  /3,  turgidtis,  largev,  stouter, 

constriction  deeper,   y,  (De  Bary), 

smaller  than  either,  otherwise  externally 
similar,  endochrome  in  longitudinal 
fiUets. 

T.  Icevis  (Ealfs). — Frond  smaller  than 
last,  scarcely  one-half  its  length,  about 
three  or  fom-  times  as  long  as  broad; 
in  f  V.  somewhat  tapering,  the  constric- 
tion a  shallow  depression ;  in  s.  v.  fusi- 
form; end  sometimes  with  a  hyaline 
lip-like  projection  extending  beyond  the 
notch ;  e.  f.  punctate,  pimcta  faint  but 
evident,  scattered.  Sporangium  smooth, 
in  f.  V.  at  first  quadrate,  afterwards 


broadly  elliptic  ;  in  s.  v.  compressed, 
enclosed  in  a  central  cell  placed  between 
the  idtimately  deciduous  empty  fronds. 
L.  1-374"  to  1-.336";  B.  1-1244"  to 
1-1073".  =  Penium  {Tetmemorm)  Bre- 
bissonii (Kg.).    G.B.,  I.,  F.,  G. 

T.  minutus  (De  Bary).— Frond  minute, 
shorter  than  T.  Icevis,  about  three  times 
longer  than  broad,  fusiform,  the  con- 
striction a  very  shallow  gi-oove ;  e.  f. 
without  puncta.  L.  1-41"';  B.  1-118"'.  G. 

T.  granulatus  (Ealfs). — Frond  some- 
what longer  than  T.  Brebissonii,  about 
five  or  six  times  longer  than  broad ;  in 
bothf.  V.  and  s.  v.  fusiform,  the  constiic- 
tioii  a  very  shallow  gi-oove,  ends  with  a 
hyaline  lip-like  projection  extending  be- 
yond the  notch  ;  endochrome  with  a 
longitudinal  series  of  large  gi-anules; 
e.  f.  pimctate,  the  puncta  scattered,  ex- 
cept near  the  constriction,  where  they 
are  disposed  in  two  ti-ansverse  rows. 
Sporangiiun  orbicidai',  smooth,  margin 
finely  sti'iated,  placed  between  the  de- 
ciduous empty  fronds.  L.  1-130";  B. 
1-64:9".= Penium  (T.)  granulatus  (Kg.). 
G.B.,I.,F.,G.,Italy,U.S.A. 


Genus  CLOSTEEIUM  (Mtzseh). — Frond  elongate,  attenuate,  more  or  less 
Innately  curved  or  arcuate,  entire,  not  constricted  at  the  middle,  the  junction 
of  the  segments  marked  by  a  pale  transverse  band.  Endochrome  often 
arranged  in  longitudinal  fillets,  and  at  each  extremity  having  a  terminal  clear 
space,  in  which  are  active  granules  ;  e.  f.  smooth,  or  witli  longitudinal  strisE, 
never  granulate. 

The  subdivisions  of  this  genus  cannot  always  be  rigidly  adhered  to,  as 
certain  species  might  sometimes  seem  to  agree  almost  as  well  with  another 
division  as  with  that  in  which  they  are  placed. 


*  Frond  scarcely  tapering,  the  curvature 
very  slight,  gradual  and  equal;  lower 
margin  nearly  straight  or  slightly  con- 
cave; ends  truncate  or  broadly  rounded; 
e.f,  with  or  without  longitudinal  stria. 

Closteihttm  didymotocum  (Corda). — 
Frond  stout,  six  to  ten  times  longer  than 
broad,  nearly  straight,  very  slightly  taper- 
ing to  the  cxtreinities,  upper  margin 
slightly  convex,  Imocr  nearly  straight  or 
very  slightly  concave,  sometimes  slightly 


inclined  upwards  at  the  end ;  ends  trun- 
cate, reddish ;  large  gi-amdes  in  a  single 
series ;  e.  f.  reddish,  especially  near  tlie 
ends,  stricB  faint ;  centi-al  sutm-e  evident, 
sometimes  accompanied  by  two  others 
dividing  the  frond  into  lorn-  portions. 
L.  1-G5";  B.  1-813".  (ra.  39.)  G.B.,  I., 
F.,  G.  a,  three  ti-ansverse  sutm-es;  /3, 
one.  =  C.  siibrectum  (Kg.),  C.  Bailcyanum 
(Br(5b.). 

C.  obtusum  (Brdb.).  —  Frond  minute, 
fom'  to  ton  times  as  long  a.?  broad, 
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nearly  sti-niglit,  cylinclncal,  not  taftmng, 
upper  and  lower  margin  equally  and  hut 
very  slightly  curred,  ends  obtusely  rounded ; 
large  granules,  in  a  single  seiies ;  e.  f. 
smootli.  F. 

C.  Amhlyonema  (Ehr.).  —  Fi'ond  stout, 
very  long,  ' twenty  to  twenty-five  times 
as  long  as  broad,  slightly  acrved,  scarcely 
tapering,\i^-pev  and  lower  margins  equally 
and  biit  gently  cm-ved  ;  ends  broadly 


rounded ;  e.  f.  smooth 


U.S.A. 


2  *  Frond  tapering,  having  the  cuiTature 
slight ;  lower  margin  straight  or  veiy 
slightly  concave,  and  slightly  inclined 
upwards  towards  the  rounded  or  sub- 
acute ends ;  e.  f.  with  or  without  lon- 
gitudinal strice, 

C.  Lunula  (Ehr.). — Frond  large,  stout, 
five  or  six  times  as  long  as  broad,  semi- 
lunate,  upper  margin  very  convex,  lower 
nearly  straight,  somewhat  inclined  upwards 
towards  the  obtuse  broadly  rounded  ends ; 
endochrome  with  the  large  granules 
numerous,  scattered,  fillets  several,  di- 
stinct ;  e.  f.  coloiirless,  without  mai'k- 
ings,  central  sukire  not  evident.  L. 
1-62";  B.  1-330".  =  Vibrio  Lmiula 
(Miiller),  Bacillaria  Lunula  (Schrank), 
Lunulina  vulgaris  (Boiy).  G.B.,  F.,  I., 
G.,  Italy,  U.SA.,  Mexico. 

C.  acerosum  (Ehr.).  —  Frond  slender, 
six  to  fifteen  times  as  long  as  broad, 
linear-lanceolate,  gi'adually  tapering, 
upper  maro;in  slightly  convex,  the  lower 
nearly  straight,  slightly  inclined  upwai'ds 
at  the  conical  ends ;  large  granules  in  a 
single  central  longitudinal  series ;  fillets 
several,  distinct;  e..f.  colourless,  very 
faintly  striated,  centi'al  suture  evident. 
L.  1-70"  to  1-58" ;  B.  1-1103"  to  1-510". 
Sporangium  orbicular,  smooth,  placed 
between  the  dehiscing  deciduous  empty 
fronds.  =  Vibrio  acerosus  (Schrank). 
G.B.,  I.,  F.,  G.,  U.S.A.,  Mexico. 

C.  lanceolatum  (Kg.).  —  Frond  stouter 
than  C.  acerosum,  six  to  ten  times  longer 
than  broad,  semilanceolate,  gradually  ta- 
pering ;  upper  margin  convex,  lower 
nearly  sti-aight,  inclined  upwards  to- 
wards the  tapering  subacute  etuis;  large 
granules  in  a  single  central  series ;  fillets 
several,  distinct ;  e.  f.  colourless,  iLSually 
without  markings,  sometimes  faintly 
striated,  central  sutui'e  evident.  L 
1-64";  B.  1-453".  =  (7ywJfi&  HopUrkn 
(Moore).  G.B.,  I.,  F.,  G.,  U.S.A. 
_  C.  turgidum  (Ehr.).  —  Frond  stout, 
eight  to  twelve  times  as  long  as  broad, 
semilanceolate,  slightly  taperinq,  more 
curved  than  either  of  the  preceding, 


upper  margin  convex,  loith  a  depression 
near  each  extremity,  lower  margin  con- 
cave, inclined  upwards  towards  the 
rounded  ends ;  large  gi-anides,  in  a  single 
longitudinal  series;  fillets  several;  _e.  f. 
reddish,  longitudinal  strice  close,  distinct, 
central  sutiu'e  evident.  L.  1-39";  B. 
1-370".  (in.  40.)  =  C.  decussatum  (Kg.)  ? 
G.B.,  I.,  F.,  G.,  U.S.A. 

C.prcelongum  (Br6b.). —Frond  very 
slender,  extremely  long,  thirty-five  to 
forty  times  as  long  as  broad,  slightly 
cniTed,  very  gradually  ta23ering;  upper 
margin  slightly  convex,  with  a  depres- 
sion near  each  extremity ;  lower  concave, 
inclined  upwards  towards  the  rounded 
ends ;  large  granules  in  a  single  series ; 
e.  f.  colourless,  without  markings.  F. 

C.  quadrangulare  (Corda).  _ —  Frond 
veiy  slender,  twenty-five  to  thirty  times 
as  long  as  broad,  slightly  cmwed,  gi-a- 
dually  tapering,  quadrangular,  except  at 
the  extremities,  one  of  the  angles  forming 
a  prominent  longitudinal  median  line ; 
upper  margin  equally  convex,  lower  con- 
cave, very  slightly  inclined  upwards  at  the 
blunt  ends ;  e.  f.  colomless,  smooth.  G> 

3  *  Frond  tapering,  the  loicer  margin 
concave,  often  ivith  a  central  inflation, 
and  inclined  doionwards  towards  the 
rounded  or  subacute  ends ;  e.  f.  without 
markings, 

t  Frond  slender,  curvature  very  slight. 

C.  strigosum  (Breb.). — Frond  slender, 
twelve  or  fifteen  times  as  long  as  broad, 
nearly  straight,  but  somewhat  curved  down- 
wards toicards  the  attenuated  extremities : 
upper  margin  slightly  convex,  lower 
concave  with  a  gentle  central  inflation ; 
ends  acute ;  large  gTanules  in  a  single 
series  ;  e.  f.  colomless,  without  stnse. 
Sporangium  orbicular,  smooth,  placed 
between  the  shortly  deciduous  empty 
fronds,  which  conjugate  soon  after  divi- 
sion, so  that  two  of  the  empty  segments 
are  considerably  shorter  than  the  other 
two.  F. 

C.  macilentum  (Br(5b.). — Frond  very 
slender,  sublinear,  twenty-five  or  thfrty 
times  as  long  as  broad,  slightly  and 
very  gradually  curved,  somewhat  taper- 
ing ;  upper  margin  slightly  convex,  lower 
slightly  concave ;  ends  somewhat  blunt ; 
large  gTamdes,  in  a  single  series;  e.  f. 
colourless,  witliout  strias.  Sporangium 
orbicular,  placed  between  the  for  some 
time  persistent  empty  fronds,  whicli 
ooujugato,  as  in  last,  soon  after  divi- 
sion. F. 
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0.  c/racile  (Brdb.).  —  Frond  very 
slender,  about  twonty-five  to  thirty 
times  as  long  as  broad,  linear,  nearly 
straight,  except  at  tlie  extremities,  ivliich 
are  curved  doivnioards ;  sides  parallel, 
ends  obtuse ;  endochrome  arnuu/ed  in  a 
zigzag  or  suhspiral  manner ;  e.  f.  ivithout 
strice.  I.,  F.  This  species  resembles  C. 
juncidum,  a,  in  form,  but  differs  in  the 
aiTangement  of  the  endochrome  and  in 
the  absence  of  striae. 

2 1  Frond  crescent-shaped,  curvature 
considerable. 

C.  Ekrenhergii  (Menegh.^.  —  Frond 
lai-ge,  stout,  about  five  or  six  times  as  long 
as  broad,  lunately  curved,  exti'emities 
tapeiing;  upper  margin  very  convex, 
lower  concave  with  a  conspicuous  central 
infiation;  ends  broadly  rounded;  large 
gramdes,  numerous,  scattered;  fillets  se- 
veral ;  e.  f.  colom-less,  without  striae, 
central  sutm-e  not  evident.  Sporangia 
orbicular,  smooth,  placed  between  the 
but  slightly  connected  empty  conjugated 
fronds,  the  endochrome  during  the  pro- 
cess of  conjugation  emerging  from  the 
opened  apex  of  a  short  couical  extension 
from  each  imder  side  of  each  younger 
segment  (or  shorter  cone)  of  each  pau"  of 
recently  divided  fi-onds,  the  conjugating 
fi'onds  tieing  produced  immediately  pre- 
viously by  the  self-division  of  a  parr  of 
old  fi'onds — two  sporangia  being  thus  the 
idtimate  produce  of  the  two  original 
fronds.  L.  1-68" ;  B.  1-400".  (x^^[.  10, 
11,  12,  13,  14.)  =  Lunulina  monilifera 
(Bory),  C.  Lumda  (Ehr.,  Hass.).  G.B., 
I.,  F.,  G.,  U.S.A. 

C.  moniliferum  (Ehr.). — Frond  sinaller 
than  the  tost,  stout,  five  or  six  times 
as  long  as  broad,  limately  curved,  exti-e- 
mities  tapering,  upper  margin  convex, 
lower  concave  loith  a  central  inflation, 
ends  rounded ;  large  gramdes,  conspicuous, 
in  a  single  longitudinal  series ;  e.  f.  colour- 
less, without  striae,  sutm'e  not  evident. 
L.  1-75"  to  1-60" ;  B.  1-510"  to  1-466". 
G.B.,  I.,  F.,  G.,  Italy,  U.S.A. 

C.  ohtusangulum  (Corda).  —  Frond 
stout,  crescent-shaped,  four  or  five  times 
as  long  as  broad,  rapidly  attenuated, 
"  quadrangular  "  (six  angles  ?)  ;  upper 
margin  very  convex,  lower  concave  xoith- 
out  a  central  inflation ;  etuis  narroivhj 
rounded;  e.  f.  colourless,  without  mark- 
ings. 

C.  Jinneri  (Ralfs).— Frond  small,  di- 
stance between  the  extremities  six  or 
.seven  times  thebreadtli,  crescent-shaped, 
much  curved,  gradually  tapering  (some- 


time^with  an  obscure  central  constric- 
tion) ;  upper  margin  very  convex,  lower 
very  concave  witliout  a  central  inflation ; 
ends  obtuse,  rounded;  large  granules,  in 
a  single  series ;  e.  f.  colourless,  without 
striae.  L.  1-281";  B.  1-1730".  G.B.,  I., 
F.,  U.S.A. 

C.  Leibleinii  (Kg.). — Frond  somewhat 
stout,  distance  between  the  extremities 
six  or  eight  times  the  breadth,  crescent- 
shaped,  much  cui-ved,  rapidly  atte?iuated; 
upper  margin  very  convex,  lower  very 
concave,  ofte?i  with  a  slight  central  infla- 
tion ;  ends  subactde ;  large  granules,  in  a 
single  series;  fillets  few  or  indistinct; 
e.  f.  somewhat  straw-coloured,  Avithout 
striae ;  sutm-e  evident.  Sporangium  orbi- 
cular. L.  1-291"  to  1-165";  B.  1-1632" 
to  1-582".  (n.  1  &  5.)  G.B.,  I.,  F.,  G., 
Italy,  U.S.A.  /3  more  slender,  scarcely 
inflated  on  the  lower  margin. 

C.  Diance  (Ehr.).  —  Frond  slender, 
crescent-shaped,8ix  or  eight  times  as  long 
as  broad,  much  curved,  rapidly  attenu- 
ated ;  upper  margin  very  convex,  lower 
very  concave  without  a  central  inflation  ; 
ends  subacute  with  a  very  slight  eniargi- 
nation  at  the  upper  outei-  extremity ;  lai'ge 
granules,  in  a  single  series ;  e.  f.  some- 
what straw-coloured  or  faintly  reddish, 
witliout  striae,  sutm-e  evident.  L.  1-143" ; 
B.  1-1275".  =  a  ruflceps  (Ehi-.),  C.  arcu- 
atum  (Breb.)  ?,  C.  Venus  (Kg.)  ?,  C.  acu- 
minatum (Kg.)  ?.  G.B.,  I.,  F.,  G.,  Italy, 
U.S.A. 

C.  incurvum  (Breb.). — Frond  minute, 
somewhat  stout,  crescent-shaped,  very 
much  curved,  rapidly  attenuated,  ends 
very  acute ;  e.  f.  without  stiiae.  F. 

4  *  Fronds  gradually  tapering,  curvature 
often  gradual,  lower  nuirgin  concave, 
inclined  downwards  at  the  rotundato- 
truncate  or  sometimes  subacute  ends; 
e.  f.  striated. 

C.  incequale  (Ehr.).  —  Frond  minute, 
semilunate,  attenuated;  upper  margin 
very  convex,  lower  concave ;  extremities 
unequal,  conic,  very  acute ;  large  gramdes, 
scattered ;  e.  f.  prominently  stiiated.  G. 

G.  costatum  (Corda). — Frond  stout, 
about  five  or  six  tunes  as  long  as  bro.id, 
lunately  ciu'ved,  attenuated ;  upper  mar- 
gin convex,  equally  arched,  lower  con- 
cave; ends  obtuse,  rounded;  large  granules, 
iu  a  single  series ;  e.  f.  reddish,  stria:  few 
(about  six),  conspicuous ;  suture  evident. 
Sporangium  orbicular,  smooth,  placed 
between  the  deciduous  empty  fronds. 
L.  1-75";  -B.  1-384".  =  C.  i'urgiduhtm 
(Kg.).    G.B.,  I.,  F.,  G. 
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C.  slriolatum  (Elir.).— Frond  from  six 
to  ten  times  as  long  as  broad,  lunatoly 
cm-ved,  attenuated;  upper  margin  con- 
vex, sliyhthj  depressed  at  the  centre,  lower 
concave;  ends  very  obtuse,  roimdcd; 
lai'ge  granides,  in  a  single  series;  e.  f. 
reddish,  especially  near  the  ends,  since 
very  numerous,  crowded,  trnnsrerse  s^u- 
tures  usually  three.  Sporangiiim  orbi- 
cular, smooth,  placed  between  the  de- 
hiscing deciduous  emptv  fronds.  L.  1-80" 
to  1-68" ;  B.  1-625"  to  1-535".  (n.  2  &  6.) 
=  a  reyulare  (Bv^h.)  ?.  G.B.,  I.,  F.,  G., 
Italy,  U.S.A. 

C.  intermedium  (Ralfs). — ^Frond  slen- 
der, twelve  to  fifteen  times  as  long  as 
broad,  slightly  curved,  very  gently  taper- 
ing; upper  margin  convex,  gradually 
arclied,  lower  slightly  concave  ;  ends  ob- 
tuse, roimded ;  large  gTanules,  in  a  single 
series;  e.  f.  pale  straw- colom'ed,  strias 
distinct,  numerous,  hut  not  crowded;  trans- 
verse sutures  usually  more  than  three. 
L.l-77"-l-54" ;  B.  1-1073".  G.B.,  I.,  F. 

C.  angustatum  (Kg-). — Frond  slender, 
ten  to  twenty  times  as  long  as  broad, 
sublinear,  slightly  curved,  scarcely  atte- 
nuated; upper  mai'gin  convex,  gradually 
arched,  lower  concave ;  ends  truncate, 
slightly  roimded ;  large  granules,  in  a 
single  series ;  e.  f.  pale  reddish,  especially 
near  the  ends,  strice  few  (about  fom-),  very 
distinct,  transverse  sutures  usually  three. 
L.  1-60" ;  B.  1-1142".    G.B.,  I.,  F.,  G. 

■Cjuncidiim{RiMs). — ^Frond  very  slen- 
der, from  about  fifteen  to  even  thirty- 
five  times  as  long  as  broad,  linear, 
straight  except  towards  the  extremities, 
which  are  someivhat  curved  downwards, 
ends  obtuse ;  e.  f.  nearly  colourless,  strics 
not  numerous,  faint,  transverse  sutures 
usually  three.  Sporangium  orbicular, 
smooth,  placed  between  the  dehiscing 
deciduous  empty  fi-onds.  G.B.,  I.,  F. 
0,  fi-ond  stouter,  less  elongated. 

C.  uncinatum  (Kg.). — Frond  slender, 
tapering  to  a  subacute  point,  suddenly 
curved  dmcmcards ;  e.  f.,  the  body  with 
strife  fine  and  close,  absent  at  the  extre- 
mities. 

G.  lineatum  (Ehr.). — Frond  slender, 
elongate,  from  about  eighteen  or  twenty 
to  twenty-five  times  as  long  as  broad, 
gently  curved,  very  gradually  attenuated; 
upper  margin  miequally  convex,  beiny 
most  curved  near  the  ends,  lower  concave 
or  somewhat  protuberant  at  the  centre  ; 
sides  somewhat  parallel  for '  a  portion  of 
their  length ;  the  extremities  gradually  ta- 
pering, slender,  curved  downwards,  ends 
obtuse ;  large  granules,  in  a  single  series  ; 
e.  f.  reddish,  stricB  numerous,  distinct,  one 


or  more  transvei'se  lines  at  the  central  su- 
ture. Sporangia  double,  rounded,  smooth, 
in  close  approximation,  their  opposed  sur- 
faces flattened,  placed  between  the  de- 
hiscing, shortly-deciduous  empty  fronds, 
and  each  formed  by  the  mutual  conjuga- 
tion of  the  contents  of  the  adjacent  op- 
posite segments.  L.  1-48";  B.  1-909". 
(HI.  41,  42.)  G.B.,  I.,  F.,  G.,  Mexico. 
(3,  striiB  spiral ;  y,  strire  very  faint,  except 
at  the  centre  of  the  frond  (Breb.). 

C.  decorum  (Breb.).  —  Frond  about 
twelve  to  twenty  times  as  long  as  broad, 
tapering  from  the  centre,  gradually  curved; 
upper  margin  equally  convex,  lower 
margin  concave ;  extremities  attenuated, 
slender,  olotuse ;  large  granides,  in  a  single 
series ;  e.f.  colourless,  striae  numerous.  F. 

5  *  F)-ond  gi-adually  curved,  tapering,  sud- 
denly contracted  at  the  end  into  a  coni- 
cal point. 

C.  attenuatum  (Ehr.). — Frond  eight  to 
twelve  times  as  long  as  broad,  gently 
curved, gradually  attenuated;  upper  mar- 
gin slightly  convex,  lower  concave  ;  ex- 
tremities suddenly  contracted  into  an  obtuse 
conical  point ;  large  granules,  in  a  single 
series ;  e.  f.  reddish,  with  numerous  close 
striae,  central  suture  evident.  L.  1-57"; 
B.  1-669".  (m.  43.)    G.B.,  I.,  F.,  G. 

6  *  Frond  ventricose  or  narrow-lanceolate, 
rapidly  tapering  into  a  distinct  beak. 
(^Sporangia  cruciform.) 

C.  Ralfsii  (Breb.). — Frond  stout,  six 
to  nine  times  as  long  as  broad ;  the  upper 
margin  slightly  convex,  the  lower  concave, 
hut  ventricoseat  theniiddle;  each  extremity 
tapering  into  a  narrow,  slender,  reddish 
beak,  shorter  than  the  body,  slightly  cim-ed 
do-miwards,  ends  obtuse ;  large  granules, 
conspicuous,  iu  a  single  series ;  e.  f.  red- 
dish, especially  near  the  ends,  striae  nu- 
merous, close,  and  distinct,  central  suture 
accompanied  by  several  transverse  lines. 
L.  1-79" ;  B.  1-526".    G.B.,  F. 

C.  rostratum  (Ehr.).  —  Frond  from 
about  ten  to  fifteen  times  as  long  ais 
hroad,  lanceolate;  upper  and  lower  margins 
nearly  efpially  convex;  each  extrenuty 
tapering  into  a  narrow,  setaceous,  neai'ly 
colourless  beak,  nearly  equal  in  length  to 
the  body,  ciu'ved  do^\aiwards,  ends  obtuse; 
large  granides,  in  a  single  series;  e.  f. 
colourless  or  somewhat  straw-colom-ed, 
striffl  numerous,  close;  suture  solitary. 
Sporangium  somewhat  cruciform,  its 
sides  concave,  its  extensious  tnmcate, 
attached  to  tlie  empty  conjugated  fronds, 
(m.  44.)    L.  1-09"  ;-B.  11G80  '.    C.  cau- 
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datum  (Corda),  Stauroceras  Acus  (Kb;.). 
G.B.,  L,  R,  a,  Italy. 

C.  cleffcins  (Bvih.). — Fi-ond  very  slen- 
der (twenty-live  to  thirty  times  as  long 
as  broad),  narrow-lanceolate,  upper  and 
lower  margins  nearly  equally  convex, 
each  extremity  tapering  into  a  long,  slen- 
der, setaceous,  colourless  beak,  cd)out  as 
lotiff  as  the  body,  ultimately  curved  down- 
wards, ends  acute ;  large  granules,  in  a 
single  series ;  e.  f.  loithoiit  strice.  F. 

C.  setaceum  (Ehr.). — Frond  very  slen- 
der, from  about  twenty  to  twenty-live 
times  as  long  as  broad,  narrow-lanceo- 
late; tipper  and  lower  margins  nearly 
equally  and  but  slightly  convex ;  each  ex- 
tremity tapering  into  a  very  long,  slen- 
der, setaceous,  colomiess  beak,  longer 
than  the  body,  tdlimately  curved  down- 
wards, ends  obtuse ;  e.  f.  colomiess,  strice 
close,  faint,  central  sutm-e  solitary.  Spo- 
rangium cruciform,  similar  to  the  last.  L. 
1-116";  B.  =  Stauroceras  subu- 

latum  (Kg.),  S.  intermedium  (Kg.),  C. 
Kiitzinyii  (Breb.).  G.B.,  I.,  F.,  G.,  Italy, 
U.S.A. 

C.  pronum  (Br^b.). — ^Frond  very  slen- 
der (thirty  to  thirty-five  times  as  long 
as  broad),  nearly  straight ;  upper  and 
lower  margin  scarcely  inflated,  nearly 
equally  though  very  slightly  convex ;  very 
gi-aduaUy  attenuated  at  each  extremity 
into  a  long,  slender,  setaceous,  colomiess 
beak,  ultimately  somewhat  cm-ved  down- 
wards, ends  slightly  enlarged  and  rounded; 
e.  f.  colomiess,  without  strice.  F. 

7  *  Frond  minute,  tapering,  curvature 
very  slight,  neither  inflated  nor  rostrate. 
{^Sporangia  cruciform.') 

C.  Cornu  (Ehr.). — ^Frond  minute,  from 


live  to  eifjht  times  as  long  as  broad, 
slender,  slightly  cm'ved,  attenuated,  ends 
blunt;  endochronie  not  reaching  to  the 
extremities ;  large  granules,  indistinct,  in 
a  single  series  ;  e.  f.  colourless,  without 
striae.  Sporangium  in  f.  v.  somewhat 
crucifoi-m  or  quadrate,  %vith  the  angles 
produced  and  rounded,  in  s.  v.  elliptic, 
attached  to  the  coniugating  fi-onds.  L. 
1-140"  ;  B.  1-3709".  =  C.  temce  (Kg.). 
G.B.,  F.,  I ,  G.,  Italy.  /3,  fi'ond  more  tur- 
gid. L.  1-226" ;  B.  1-2142".  G.B.,  I.,  F. 

0.  acutum  (Breb.), — Frond  somewhat 
larger  than  the  last,  about  fi-om  six  to 
twenty  times  as  long  as  broad,  slender, 
narrow-lanceolate,  slightly  cm-ved,  gi-a- 
duaUy  attenuated,  ends  acute ;  e.  f.  co- 
lomiess, without  striae.  Sporangium 
similar  to  last.  L.  1-177";  B.  1-2550". 
G.B.,  I.,  F.,  G.  a  six  to  twelve  times 
as  long  as  broad,  ends  subacute.  /3  ten 
to  twenty  times  as  long  as  broad,  ends 
very  acute.  =  Stauroceras  suhulatmn 
(Kg.)?,  C.  subulatum  (Br6b.)  ?,  C.  tener- 
rimum,  (Kg.)  ? 

C.  Gh-iflithii  (Bevk.). — Frond  minute, 
scarcely  curved,  acicular,  very  acute, 
smooth.  =  a  sicbtile  (Breb.)  ?  G.B.,  I.,  F. 

8  *  Frond  crescent-shaped,  stout,  extre- 
mities furnished  with  a  single  acute 
spine. 

C.  cuspidatum  (Bailey). — Frond  stout, 
ci-escent-shapied,  scarcely  tapering,  much 
cm'ved,  ends  rounded,  furnished  with  a 
single  subulate  acute  spine ;  e.  f.  without 
striae.  U.S.A.  We  are  disposed  to  think 
this  plant  may  not  be  a  true  Desmidiean, 
but  belong  to  the  genus  Ophiocytivmi 
(Nfig.),  though  placed  in  Closterimn  by 
Bailey. 


Genus  PENIUM  (Breb.). — Frond  elongate,  straight,  cylindiical,  elliptic, 
or  lanceolate,  eitJier  not  at  all  constricted  or  hut  very  slightly  narrowed  at  the 
middle,  entire.  Endockrome  with  or  without  a  terminal  clear  space,  con- 
taining active  granules. 


*  Empty  frond  granulate,  generally 
reddish. 

Penium  margaritaceiim  (Br(5b.).  — 
Frond  six  to  ten  times  as  long  as  broad, 
fusiform  or  cylindiical,  with  rotundato- 
truncate  ends,  rough  with  pearly  gi'anulos 
arranged  in  longitudinal  lines.  Endo- 
chronie at  each"  end,  sometimes  with  a 
more  or  less  distinct  tenninal  cavity  witli 
active  granules.  Sporangium  orbicular, 
smooth.  =  Closterimn  marqaritaceum 
(Ehr.).  G.B.,I.,F.,G.  a,  frond  fusiform, 
gradually  constricted  at  the  middle, 


granules  distinct.  L.  1-156" ;  B.  1-961". 
(n.  14.)  ^,  frond  linear,  scarcely  con- 
tracted at  the  middle,  gramdes  distinct. 
y,  frond  linear,  not  contracted  at  tlie 
middle,  gi-anides  appearmg  lilce  pimcta. 
L.  1-169"  ;  B.  1-1515".    (ii.  15.) 

P.  Cylindrus  (Breb.). — Frond  minute, 
red,  three  or  four  times  as  long  as 
broad,  cylindrical,  not  cnntractcd  at  the 
middle,  ends  rotiindato-truncnfc,  ron^h 
with  minute,  closely  scattered,  pcaiiv 
graiudes ;  e.  f.  red.  L.  1-492" ;  B.  1760". 
—  Closterium  Ci/lindrus(Ehr.),  Dt/siihinc- 
timn  Cylindru.'>\mg.).    G.B.,  I.',  F.,  G. 
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P.  ammlatum  (Nag.  sp.).— Fi-ond  mi- 
nute, scarcely  ticice  as  long  as  broad, 
cylindriccd  or  sitbclliptic,  sides  and  ends 
broadly  rounded,  rough  with  minute  gi'a- 
nules  arrunyed  in  transverse  lines,  which 
g^TO  a  minutely  denticulate  appearance 
to  the  mai'giu,  except  at  a  very  nniTow 
central  amuilar  space,  where  they  ai'e 
absent,  thus  impai'ting  a  somewhat  con- 
stricted appeai-ance ;  e.  v.  circular,  margin 
minutely  gvsmvi\.!itQ.=Dysphinctittm  an- 
nulatum  (Nag.).    I.,  G. 

2  *  Empty  frond  smooth,  colourless. 

P.  Digitus  (Br^b.). — Frond  large,  stout, 
smooth,  three  or  fom-  times  as  long  as 
broad,  elliptic  -  oblong,  sides  and  ends 
broadly  roimded  ;  endochrome  in  obscure 
and  undulated  filets,  interrupted  only  by 
the  pale  central  transverse  band,  and  hav- 
ing no  clear  space  at  the  extremities. 
L.  1-81";  B.  1-299".  =  Closterium  Digitus 
(Ehr.),  Pmium  oblonqmn  (De  Bary).P 
G.B.,  I.,  F.,  G.,  U.S.A. 

P.  lamellosum  (Breb.). — Frond  large, 
stout,  smooth,  about  fom-  times  as  long- 
as  broad,  gradually  contracted  at  the 
middle,  and  tapering  to  the  extremities, 
ends  somewhat  truncate ;  endochrome  in 
obscure  and  undulated  fillets,  in  transverse 
view  radiate,  its  rays  divided,  and  hav- 
ing no  clear  space  at  the  exti'emities. 
F.,  G. 

P.  Ncsgelii  (Breb.  in  litt.).  —  Frond 
large,  stout,  smooth,  about  fom-  times 
longer  than  broad,  oblong,  not  contracted 
at  the  middle,  gradually  tapering  to  each 
extremity,  sides  nearly  straight,  ends 
broadly  truncate;  endochrome  arranged 
in  interrupted  divided  planes  radiating 
from  the  central  axis,  in  f.  v.  being  in- 
dented somewhat  in  a  pinnatijid  manner, 
the  rays  touching  the  cell  waU,  some- 


times divided,  and  somewhat  dilated 
thereat,  in  transverse  view  radiate.  = 
Closterium  {Netrium)  Digitus  (Niig.). 
I.,  G. 

P.  interniptum  (Br(5b.). — Frond  large, 
stout,  smooth,  three  or  four-  times  as  long 
as  broad,  cylindrical,  sides  parallel,  ex- 
tremities conical,  and  rounded  at  the  ends ; 
endochrome  disposed  ia  straight,  strongly 
marked  fillets,  interriipted  by  three  trans- 
verso  pale  bands,  having  a  roimded,  well- 
defined  clear  space  near  the  ends,  in 
which  are  active  gi-anides.  L.  l-ll6" ; 
B.  1-571".  (m.  45.)  G.B.,  I.,  F.,  G., 
U.S.A. 

P.  closterioides  (Ralfs). — Frond  rather 
large,  about  six  times  as  long  as  broad, 
smooth,  fusiform  or  lanceolate,  ends 
broadly  roimded ;  endochi'ome  in  distinct 
longitudinal  fillets,  intemipted  only  by 
the  central  transverse  pale  band,  with  a 
single  longitudinal  series  of  large  granules, 
and  a  roimded  clear  space  close  to  the 
ends,  in  which  are  active  granules.  L. 
1-92";  B.  1-590".    G.B.,  I.,  F.,  U.S.A. 

P.  Navicida  (Breb.). — Frond  minute, 
about  three  or  fom'  times  as  long  as 
broad,  smooth,  fusiform,  ends  bluntly 
pointed;  endochrome  sometimes  in  fil- 
lets, sometimes  scattered,  interrupted 
only  by  the  transverse  central  pale  band, 
with  one  or  two  large  granules  in  each 
half,  and  a  roimded  clear  space  at  the 
ends,  in  which  are  active  gTanides.  L. 
1-420";  B.  l-750".=P.5«-^mu(Archer). 
I.,  F. 

P.  truncatum  (Br^b.). — Frond  minute, 
two  to  fom-  times  as  long  as  broad, 
cylindrical,  smooth,  ends  truncate.  Spo- 
rangiiun  orbicidar,  smooth,  placed  be- 
tween the  dehisdnr/,  deciduous  empty 
fronds.  L.  1-969"  to  1-555" ;  B.  1-2212" 
"to  1-2100".    G.B.,  I.,  F. 


Genus  SPIROTiEinA  (Breb.).— Frond  elongate,  straight,  cylindrical,  or 
fusiform,  entire,  not  constricted  at  the  middle,  ends  rounded  or  acute ;  enclo- 
chrome  spiral.  (Gelatinous  investment  very  apparent ;  cell-division  oblique ; 
fructification  unknown,  therefore  the  position  of  this  genus  uncertain.) 


*  Endochrome  a  single  spiral  band. 

SpmoT^ENiA  condensata  (Br(5b.).  — 
Frond  cylindrical,  five  to  ten  times 
as  long  as  broad,  ends  rounded;  en- 
dochrome a  .single,  broad,  closely-wound 
spiral  band,  its  revolutions  numerous.  L. 
1-208"  ;  B.  1-1048".  (n.  4.)  G.B.,  I., 
F.,G.,  U.S.A.  ' 

S.  muscicola  (De  Bary). — Frond  cylin- 
drical, two  to  fom-  tnues  as  long  as 
broad,  ends  rounded ;   endochrome  a 


single,  broad,  smoothly-defined,  widely- 
wound  spiral  band,  its  revolutions  very 
few  (one  or  two).  L.  1-142"'  to  1-71"' ; 
B.  1-287 "'.=Palmoglcca  cndospira  (Kg.), 
Cylindrocystis  endospira  et  Endospira 
truncorum  (Brdb.,  KgO-    F.,  G. 

S.  crythrocephala  (Itzigsohn,  Braun). 
Yvo\\i\.  fusiform,  five  or  six  times  as  long 
as  broad,  ends  acute ;  endochrome  a 
single,  rather  nairow  spiral  band,  its 
revolutions  few.  =  S.  minuta  (Thiu'et, 
Br(5b.).    F.,  G. 
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2  *  Endochrome  in  several  spiral  bands. 

S.  obscura  (Ralfs). — Frond  cylindrical 
or  fusiform,  five  to  eight  times  longer 
than  broad,  extremities  attenuated,  ends 
blimt ;  endochrome  in  several  slender  spi- 


ral bands,  their  revolutions  ttoo  or  three, 
sometimes  scattered,  leaving  a  clear  space 
at  each  extremity,  in  which  tliere  is 
sometimes  a  free  granule.  L.  1-247"  to 
1-226" ;  B.  1-1020"  to  1-907".  G.B., 
I.,  F. 


C.  Cells  stipitate. 

Genus  COSMOCLADIUiyi  (Breb.).  —  Cells  rounded,  compressed,  deeply 
constricted  at  the  middle,  stipitate. 


CosMOCLADiUM  pulchellum  (Bv6h.\ — 
Stipes  dendroid,  dichotomously  branched, 
hyaline,  with  a  slight  intermediate  thick- 
ening between  the  cells ;  cells  terminal 
and  axillary,  green,  segments  elliptico- 
renifoim,  smooth  (m.  63).  F. 

We  here  provisionally  place  this  re- 


markable plant,  discovered  by  M.  de 
Brebisson,  not  Icnowing  as  yet  anything 
as  to  its  mode  of  gi-owth  or  development. 
The  cells,  if  detached  from  the  stipes, 
woidd  scarcely  be  distinguishable  fi'om 
those  of  Cosmarium  bioculatwn. 


D.  Cells  aggregated  into  families,  forming  fasciculi  or  faggot-like  bundles. 

Genus  AlSnaSTEODESMFS  (Corda).— CeEs  minute,  smooth,  elongated, 
attenuated,  aggregated  into  families  forming  fasciculi  or  faggot-Kke  bimdles, 
each  family  resulting  from  the  self-division  of  a  single  cell,  which  commences 
by  the  formation  of  a  somewhat  oblique  septum  at  the  middle,  eventuaUy 
rendered  more  and  more  oblique  from  the  young  cells  groAving  alongside  one 
another  longitudinally  untU  they  each  attain  the  length  of  the  original  parent- 
cell,  the  process  being  again  and  again  repeated  by  each  till  the  aggregated 
family  consists  of  at  most  thirty-two  cells,  the  family  finally  again  breaking 
up  into  single  cells.  No  other  propagation  known  ;  the  position  of  the  genus 
is  therefore  doubtful. 


Ankistrodksmus  falcatus  (Ralfe). — 
Cells  very  slender,  arcuate  (rarely  straight 
or  sigmoid),  gradually  attenuated,  ends 
acute.  L.  1-550";  B.  1-7353".  (i.35,36.) 
z=  Rhaphidium  fasciculatum  (Kg.,  Nag.). 
G.B.,  I.,  F.,  G.,  Italy. 

A.  convolutus  (Corda).  —  Cells  much 
curved,  crescent-shaped,  somewhat  ra- 
pidly attenuated,  ends  subacute.  =  ^/i«- 
phidiuni  minulum  (Nfig.).  I.,  F.,  G. 
We  have  met  with  a  plant  (gathered 
near  Dublin)  which  we  now  (though 
doubtfully)  refer  to  this  species,  in  which 
we  noticed  self-division  of  the  cells,  in 
an  at  first  oblique,  finally  longitudinal 
manner,  very  much  the  same  as  that 
described  by  Niigeli  (Einzell.  Alg.)  for  the 
preceding  species,  and  uitroduced  into 
the  generic  character.     The  cells  in  our 


plant  are  not  quite  so  much  curved  as  in 
Nageli's  drawing  of  this  species,  and  are 
rather  more  acute  at  the  exti-emities : 
we  have  not  noticed  the  fascicidi  to  be 
composed  of  more  than  8  cells,  fi'equeutly 
of  2  or  4 ;  and  while  so  combined  the  cells 
all  look  in  the  same  direction,  the  con- 
cave sm'face  of  the  one  being  applied  to 
the  convex  smface  of  its  ueighboui-. 

A.  cuntortus  (Thuret). — Cells  slender, 
arcuate  or  sigmoid,  somewhat  gently  in- 
flated at  the  centi-e,  ends  di'awu  out  long 
and  very  fine.  F. 

[Scenodesmus  duplex  (Ralfs)  is  placed 
in  this  genus  by  Kiitzing  and  Niigeli 
under  the  name' of  Rhaphidium;  that 
plant  may,  however,  be  the  cell  of  an 
Ankistrodesmus  undergoing  division.] 


Subfamily  PEDIASTRE^  (page  24). 

We  shall  not  attempt  to  give  anytliing  but  a  very  provisional  diagnosis  of 
the  o-cnera  here  included  under  the  above  title  (which  have  long  been  asso- 
ciate°d  with  the  Desmidiaccse,  and  chiefly  for  that  reason  fincUng  a  place  m 
the  present  work),  as,  .so  far  as  we  can  judge,  it  is  not  yet  dotcrmincd  whether 
they  .should  remain  united  with  the  PabucUaecaj,  to  which  they  have  been 
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referred  by  Niigeli,  or,  \ntli  some  few  other  Algse,  form  a  distinct  group  near 
Palmellacete,  and  perhaps  VolvocincoD.  They  cannot,  wo  think,  continue 
to  be  considered  as  belonging  to  the  Desmidiacea).  For  the  purposes  of  the 
present  Avork,  however,  as  they  are  introduced,  we  shall  just  indicate  that 
the  genera  hero  described  under  the  above  head  agree  in  the  following 
characters : — 

Cells  combined  into  a  definitely  formed  frond  or  family,  often  cither  ex- 
temaUy  notched  or  attenuated,  sometimes  spinous,  not  undergoing  complete 
self-fission  in  the  same  direction  into  two  perfect  cells,  but  propagating  by 
the  repeated  segmentation  of  the  contents  of  the  old  cells  into  a  definite 
number  of  portions  or  "  gonidia,"  wliich  are  either  still  or  for  a  time  motile, 
and  which  are  either  arranged  according  to  the  typical  plan  mthin  the  parent- 
ceU,  and  by  its  biu-sting  set  free  as  a  new  frond  or  family,  or  become  so 
oiTanged  without  the  parent-cell,  but  stiU  involved  in  its  inner  membrane, 
the  whole  having  emerged  by  a  transverse  fissvu-e. 

We  are  disposed  to  think  that  here  Hydi-odictyon  should  come ;  for  though 
in  this  plant  the  development  of  the  active  gonidia  is  simultaneous,  not 
successional,  as  in  Pediastrium,  Pi-ingsheim  alludes  to  the  gonidia  in  Coelas- 
trum  splmricum  (which  indeed  are  still)  as  either  the  one  or  the  other. 
Cruciagenia  quadrata  (M.oxren)=Skcim'ogenia  quadrata  (Kg.),  seems  to  pro- 
pagate by  complete  self-fission,  and,  gonidia  not  being  described,  we  believe 
cannot  belong  here.    As  to  Sphasrodesmus  (Nag.)  information  is  wanting. 

Genus  SCENODESMUS  (Meyen). — Erond  or  family  composed  of  from  two 
to  eight  oblong  fusiform  or  elliptic  cells,  connected  into  a  single  or  double 
continuous  row ;  propagating  by  means  of  the  repeated  segmentation,  in 
parallel  planes  in  one  or  two  directions,  of  each  of  the  cell-contents  into  one 
or  more  brood  families  (not  motUe),  set  free  by  the  bui'sting  of  the  parent- 
cell  wall,  (Nag.) 


ScENODESMTTS  quaclricauda  (RaKs). — 
Cells  ia  a  single  row ;  oblong,  roimded  at 
their  ends ;  external  cells  (sometimes 
more  turgid  than  the  others)  furnished 
at  each  extremity  loith  an  elongate,  often 
curved,  acute  spine  or  bristle,  sometimes 
with  another  from  the  centre  of  the 
outer  margin.  L.  1-1121" ;  B.  1-2631". 
(i.  40,  41,  4S.)=Achnanthes  quadricauda 
(Turp.),  Arthrodesmus  quadricaudatus 
(Elir.),  Scenedesmus  caudatus  (Corda, 
Kg.),  S.  quadricaudatus  (Hass.).  G.B., 
I.,  F.,  G.,  U.S.A.  /3,  central  cells  fur- 
ni.shed  at  one  of  their  ends  with  an 
elongate,  acute,  cm-ved  spine  or  bristle, 
each  half  of  the  fi'ond  being  so  furnished 
at  opposite  sides,  sometimes  the  central 
cells  being  also  furnished  at  their  other 
ends  with  a  very  short,  minute  spine. 
=  S.  Niir/elii  (Breb.).  (i.  42.) 
,  S.  dispar  (I3rf5b.). — Cells  two  or  four, 
alternathuj,  oblong,  blunt  at  the  ends ; 
when  foiu-  the  centi-al  cells  at  one  end  at 
opposite  sides  of  the  frond  fimiished  with 
a  short  acute  mucro-like  dejected  spine, 
each  spine  directed  imcards ;  when  cither 
two  or  fom-,  the  external  cells  with  a 
fiimilar  spine  at  both  ends;  when  four, 


that  spine  at  the  same  side  of  the  frond 
with  that  belonging  to  the  central  cells 
also  directed  inwards,  the  other  directed 
outicards.  F. 

S.  antennatus  (Br^b.).  —  Cells  in  a 
single  or  double  row ;  fusifoi-m,  or  semi- 
lunate,  ends  cuspidate,  and  each  terminated 
by  a  minute  orbicular  globule.  F. 

S.  dimorphus  (Kg.). — Cells  in  a  single 
row ;  narrow,  attenuated,  and  pointed  at 
the  ends;  the  central  in  apposition  the 
most  of  their  lenqth,  the  outer  externally 
hmate.  L.  1-1020"  to  1-906";  B.  1-8160". 
=  Achnatithes  dimorpha  (Turp.),  S.  pec- 
tinatus  (Meyen),  Arthrodesmus  pectinatm 
(Ehr.).    G.B.,  I.,  F.,  G. 

S.  acidus  (Meyen).  —  Cells  in  alter- 
nating rows ;  the  central  fusiform,  in 
a^jposition  only  at  their  middle,  the  outer 
sometimes  externally  lunate.  L.  1-1663" 
to  1-1060";  B.  1-6250"  to  1-6181".  = 
Arthrodesmus  acutus  (P]lir.),  S.  acntus  et 
obliqum  (Ralfs).    G.B.,  I.,  F.,  G.,  Italy. 

S.  obtusus  (Meyen). — Cells  in  one'  or 
two  rows,  all  ovate  or  ohlonq,  ends 
rounded.  L.  1-2331"  to  1-1961";  B. 
1-4090"  to  1-3623".  (i.  37,  38,  39.) 
G.B.,  I.,  F.,  G.,  U.S.A. 

3c 
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S.  duplex  (Ralfs). — Colls  two,  slender, 
tapering,  sifjmoid,  acute,  placwl  side  by 
side  for  about  half  their  le)u/th.  =  Ithaphi- 
dium  duplex  (Kg.)>        ^-  moniliformis 


(duplex)  (Kg.).  G.B.,  G.  Tliis  plant 
possibly  represents  a  cell  of  an  Ankis- 
trodesmus  diuing  division. 


Genus  PEDIASTRUM  (Meyen). — Frond  or  family  plane,  circular,  elliptic, 
or  ii-regular,  composed  of  several  cells  (a  multiple  of  foui-),  forming  by  their 
union  a  flattened  star-like  growp,  generally  arranged  in  more  or  less  con- 
centric circular  scries,  marginal  cells  externally  bipartite  or  cntii'e ;  propa- 
gating by  "  macrogonidia,"  which  are  subglobose,  formed  by  repeated  binary 
division  of  the  endochrome  of  each  of  the  parent-cells  of  the  old  frond,  2,  4, 
8, 16,  32,  or  64  (even  128)  in  number,  and  making  their  exit  by  a  transvei-se 
fissm-e  fi'om  the  parent-cell,  involved  in  its  inner  membrane,  vtdthin  which 
for  a  time  they  actively  move,  presently  settling  down  and  arranging  them- 
selves into  a  new  frond ;  "  microgonidia  "  produced  in  the  same  manner,  but 
shortly  rupturing  the  confining  membrane  and  swimming  freely  away,  their 
fate  unknown  (Braun). 


*  Lobes  of  tlie  aider  cells  two,  deqdy 
emarginate  or  trunccde. 

Pediastbum  Tetras  (Ralfs).  — Frond 
very  minute  ;  cells  four,  their  interstices 
forming  a  cross,  their  outer  margin  bi- 
lobed,  angles  acute.  L.  1-2941" ;  B. 
1-2272".  (n.  27.)  =  Micrasterias  Tetras 
(Ehr.),  P.  biradiatum  (Tetras)  (Kg.). 
G.B.,  L,  F.,  G.,  U.S.A. 

P.  hqjtactis  (Menegh .). — ^Frond  minute; 
cells  eight  (seven  disposed  in  a  single  series 
round  a  central  om),  bilobed,  angular. 
L.  1-2900";  B.  1-2600".  =  Micrasterias 
Jieptactis  (Ehr.^,  Euastrum  hexagonum 
(Corda),  P.  simplex  (Hass.),  P.  bira- 
diatum (heptactis)  (Kg'.)-  G.B.,  I.,  F., 
G.,  U.S.A. 

P.  biradiatum  (Menegh.).— Inner  cells 
subquadi'Uateral,  vdth  a  linear  notch,  the 
outer  quadrilateral  or  somewhat  cuneate, 
approximate  for  their  entire  length,  ex- 
ternally deeply  bipai-tite,  their  incisions 
narrow,  the  subdivisions  trimcate  or 
truncato  -  emarginate.  L.  1-1200"  to 
1-2550" ;  B.  1-1754"  to  1-2040".  =  3fi- 
crasterias  Rotula  (Ehr.),  P.  biradiatum 
(Rotida)  (Kg.).  This  with  the  two  pre- 
ceding may  possibly  make  but  one  true 
species,  P.  Ehrenbergii  (Braim.).  (i.  62.) 
G.B.,  L,  F.,  G.,  U.S'.A. 

P.  Rottda  (Ehr.  emend.  Braim).  — 
Inner  cells  vpith  a  loide  notch,  and  sepa- 
rated by  wide  lacimaj,  the  outer  subqua- 
drilateral,  aiyproximate  only  at  tJwir  bases, 
which  are  nearly  square,  externally  deeply 
bipartite,  their  incisions  broad,  the  sub- 
divisions naiTOW,  iuciso-dentate.   F.,  G. 

P.  caudatum  (Braun).  —  Inner  cells 
pentagonal  or  hexagonal,  with  a  deep 
linear  notch,  the  outer  quadrangailar, 
externally  deeply  bipartite,  the  subdivi- 


sions trimcate,  very  slightly  concave  at 
the  centre,  and  furnished  at  tlie  angles  tcith 
a  very  minute,  short,  bristle-liJce  spine, 
=  P.  Rotula  (Nag.).  G. 

2  *  Lobes  of  the  outer  cells  two,  entire, 

attenuated. 

P.  Selencea  (Kg.).  —  Cells  crescent- 
shaped,  arranged  in  one  or  more  cu'cles 
round  one  or  two  central  ones,  connecting 
medium  coloured.  =  P.  elegans  (Hass.), 
P.  lunare  (Hass.).    G.B.,  F.,  G. 

P.  gracile  (Braun).  —  Frond  minute, 
of  fom-  or  six  ceUs  (fom*  external,  with 
or  without  two  central  cells) ;  marginal 
cells  deeply  bipartite ;  subdivisions  ovats, 
tajjering  to  a  point.  L.  1-1020"  ;  B. 
1-1632".=  Micrasterias  Coronula  (Ehr.), 
P.  Napoleonis  (Hass.,  Menegh.,  Kg.,  nec 
Ralfs),  P.  simplex  (Ralfs).    G.B.,  F.,  G. 

P.  pertusum  (Kg.).  —  CeUs  arranged 
in  cu'cles  round  one  or  two  centi-al  ones ; 
inner  cells  quadi-angulai-,  sides  concave 
and  leaving  angular  vacant  inteixak ;  the 
outer  cells  toith  square  bases,  externally 
triangularly  notched,  the  subdivisions  ta- 

Sering  to  an  acute  point.  L.  1-2266" ; 
;.  1-3268".  =  3Iicrasterias  Boryana 
(Ehr.),  P.  tricyclitim  (Hass.),  P.  emargi- 
natum  (pertusum)  (Kg.).  G.B.,  I.,  F.,  G. 

P.  granulatum  (Kg.).  —  Cells  eight, 
rough  tcith  minute  granules,  six  cells 
an-anged  round  two  central,  the  inner 
subquadrate,  the  outer  having  two  taper- 
ing lobes.  L.  1-2000";  B.  1-1850". 
G.B.,  I.,  F.,  G. 

P.  iVapofeo?ew  (Menegh.).— Cells  eight, 
six  an-anged  round  two  centi-al,  the  inner 
variable,  the  outer  having  two  cuspidate 
lobes,  the  notch  wide.  (i.  62.)  L.  1-1670 
to  1-1483"  ;  B.  1-1813"  to  1-1088".  =  P. 
hexactis  (Hass.).   G.B.,  G. 
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p.  Borijanmn  (Meiiegli.)-  —  Cella  ar- 
rauged  iu  one  or  more  circles  roimd  one 
or  two  central ;  the  inner  variable,  gene- 
rally concave  at  one  side,  the  outer  taper- 
lug'iuto  two  long  subulate  ^wints,  the  notch 
narrow.  L.  1-2083"  to  1-1633";  B. 
1-2733"  to  1-2222".  (i.  59,  60,  61,  68, 
69,  microgonidia.)  =  Micrasterias  liory- 
ana  (Ehr.),  P.  suhultferum  (Kg.),  P.  eru- 
ciatum  (Kg.).    G.B.,  I.,  F.,  G.,  U.S.A. 

P.  ellipticum  (Hass.).  —  Cells  varjang 
in  number  aud  ai-rangement ;  outer  cells 
suddenly  contracted  into  two  short,  cylin- 
drical, obtuse  processes.  L.  1-1754"  to 
1-906" ;  B.  1-1515"  to  1-1020".  ft  pro- 
cesses of  the  lobes  truncato-emargiuate. 
z=  Micrasterias  elliptica  (Ehr.),  P.  vagum 
(Kg.),  P.  constrictum  ^Hass.,  Kg.),  P.  bi- 
dentulatum  (Brauu).  G.B.,  I.,  G.,  U.S.A. 

P.  angulosum  (Menegh.).  —  Cells  ar- 
ranged in  one  or  more  cii'cles  round  one 
central,  the  inner  cells  roundly  angular, 
the  outer  obliquely  truncate,  emarginate, 
the  mbdivisions  not  tapcfring  into  rays. 
L.  1-2732" ;  B.  1-1942".  =  Micrasterias 
angulosa  (Ehr.).    G.B.,  F.,  G. 

3  *  Outer  cells  with  only  one  attenuated 
lobe  (Monactinus). 

P.  simplex  (Meyen). — Cells  eight,  in  a 
single  series  sm-rounding  a  centi-al  vacant 
interval,  narroio-ovate  or  lanceolate,  very 
gi-aduaUy  tapeiing,  acuminate,  approxi- 
mate only  at  their  hoses.  =Monactimcs 
simplex  (Kg-);  M.  simplex  et  acutangnlus 


(Corda),  M.  octonarius  (Bail.)  ?  F.,  G., 
U.S.A.  There  seems  to  us  to  be  some 
doubt  as  to  the  absolute  distinctness  of 
this  and  P.  qracile  (Braun),  as  it  is  pos- 
sible the  four  deeply  bipartite  external 
cells  of  the  latter  may  have  been  mis- 
taken for  eight  simply  attenuated  cells 
as  described  for  P.  simplex  (Meyen). 

P.  duodenarium  (Bailey,  sp.). — Inner 
ceUs/tiiw,  somewhat  triangulai',  enclosing 
a  central,  quadi-ate  vacant  interval,  and 
fom-  broadly  lanceolate  vacant  intervals 
between  them  and  the  outer  series,  to 
which  they  axe  imited  by  theii'  terminal 
angles ;  outer  cells  twelve,  subovate, 
truncate  below,  much  attenuated,  acu- 
minate, =  Monactinus  duodenarium  (Bail.) . 
U.S.A. 

P.  ovatum  (Braun). — Cells  ovate,  ter- 
minating in  a  long,  acute  point,  granu- 
late, aiTanged  in  two  series,  inner  thi-ee, 
outer  ten.=Asterodictyon  ovatum  (Ehr.), 
Monactinus  ovatus  (Kg.).  G. 

P.  Triangulum  (Braun). — Cells  trian- 
gular, smooth,  arranged  in  three  series, 
"the  centre  vacant.  Asterodictyon  Trian- 
gulum (Ehr.)  =  Monactinus  Triangulum 
(Kg.).  G. 

4*  Outer  cells  not  lobed  (Anomopedium). 

P.  integrum  (Nag.). — Frond  ii-regular, 
cells  rounded  or  blimtly  angidar  ;  outer 
cells  not  emarginate,  generally  possessing 
externally  two  short  mucro-like  spines 
(I.  46,  47,  48).  G. 


Genus  CCELASTEUM  (Niig.).— Frond  or  family  hollow,  globular  or  sub- 
cubical,  composed  of  polygonal  (or  spherical)  cells  united  in  one  layer  into  a 
lioUow  dathrate  net-like  family,  the  ceUs  drawn  out  on  the  exterior  iato  one 
or  more  lobes,  or  simply  spherical ;  propagating  by  the  segmentation  of  the 
ceU-contents  uito  a  definite  number  of  portions  which  become  arranged  into 
a  hollow  young  frond  resembliag  the  parent,  ultimately  set  fi'ee  by  the 
bursting  of  the  parent- cell. 


CcELASTBUM  sph(sricum  (Nag.).  — 
Fronds  spherical  or  oval ;  cells  hex- 
agonal, drawn  out  externally  into  a 
burnt  cone,  interstices  5-6-angular.  (i. 
49,50,51.)  G. 

C.cubicum  (Nag.). — Frond  subcubical. 

Genua  SOEASTEUM  (Kg.).— Frond 
ctmeiform  or  cordate  cells,  somewhat 
families,  their  narrow  ends  meeting  in 
or  divided.    Propagation  unknown. 

SoRASTBUM  spinulosum  (Nag.). — Ex- 
ternal margins  of  the  cells  dilated, 
slightly  emardnate,  the  rounded  angles 
furnished  each  with  two  minute,  acute, 


cells  hexagonal,  drawn  out  externally 
into  two  short  truncate  projections,  in- 
terstices quadrangular,  (i.  54, 55.)  G. 

C.  microporus  (Niig.). — Frond  globu- 
lar, ceUs  exactly  spherical,  interstices 
minute.  G. 

or  family  solid,  globiilarj  composed  of 
compressed  and  united  into  globular 
the  centre  and  outwardly  emarginate 

subulate  spines,  (i.  56,  57,  58.)  G. 

S.  echinatum  (Kg.).  —  External  mar- 
gins of  the  cells  deeply  biiid,  the  sub- 
divisions subulate.  G. 

3  c  2 
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Sub-group  DIATOMEiE  or  DIATOMACE^. 
(Page  31,  Plates  IV.  to  XVII.  and  part  of  II.) 

[For  reference  to  the  species  figured  in  this  work,  see  Index  of  Diatomaceao 

illustrated.] 

Fetjstules  or  ceUs,  either  simple  or  pseudo-unicellular  by  complete  separa- 
tion, or  united  in  tablets  or  filaments,  fui-nished  with  a  sculptured  siliceous 
coat  in  three  portions,  a  median  one  (connecting  zone)  and  two  lateral  ones 
(valves)  rmited  by  distinct  sutures ;  internal  substance  yellowish-brown 
(rarely  olive-brown) ;  reproduction  by  conjugation  and  subsequent  formation 
of  sporangia. 

The  general  history  of  the  Diatomaceae  has  been  so  fuUy  treated  of  in  the 
first  part  of  this  work  (p.  31)  that  it  is  here  only  necessary  to  explain  some 
tenns  used  in  the  descriptions. 

The  Diatomacese  differ,  in  several  respects,  so  widely  from  acknowledged 
Algse,  that  in  our  opinion  they  may  be  regarded  rather  as  an  order  related  to 
the  Algae  than  as  a  family  belonging  to  them. 

The  sOiceous  covering  is  composed  of  three  portions.  The  central  one  is 
sometimes  caUed  "connecting  membrane"  and  "cingulum;"  we,  however, 
prefer  Professor  Amott's  term,  "  connecting  zone,"  as  less  likely  to  mislead. 
The  lateral  or  junction  surfaces  correspond  to  the  septa  of  a  Conferva,  and  are 
called  valves. 

The  late  Professor  Smith  considered  the  central  portion  unessential  and 
produced  only  preparatory  to  self-fission.  "We,  on  the  contrary,  regard  it  as 
of  great  importance,  and  quite  unknown  in  the  tnie  Algae.  It  is  conspicuous 
in  the  conjugating  and,  consequently,  matiu-e  frustules ;  and  we  think  the  con- 
clusion illogical  that  it  has  no  systematic  value  because  obscure  in  newly- 
formed  frustules.  It  is  evidently  essential  in  Diatoms  with  flat  valves,  since 
otherwise  there  could  be  no  cavity  to  contain  internal  matter. 

We  use  the  term  "  front  view "  to  denote  that  position  of  the  fnistule 
when  the  connecting  zone  is  fully  presented  to  the  eye,  and  "  side  view " 
when  the  centre  of  the  valve  is  in  a  similar  position.  "When  we  speak  of  the 
"  valve,"  unaccompanied  by  a  qualifying  epithet,  it  must  be  understood  as 
identical  with  "  side  view." 

"  Longitudinal "  means  in  the  direction  of  the  connecting  zone,  and 
"  transverse  "  in  the  opposite  direction  uniting  the  valves.  When  so  applied 
to  the  frustule  of  a  Diatom,  these  terms  acquire  a  meaning  exactly  the  reverse 
of  that  in  which  they  are  used  when  applied  to  the  joint  of  a  Conferva  and 
the  frond  in  the  Desmidieae.  For  example,  the  frustule  in  some  Diatoms  and 
the  frond  in  Closterium  are  both  described  as  longitudinally  lunate,  whilst 
they  are  reaUy  extended  in  opposite  directions :  unless  the  change  ia  the 
meaning  of  the  terms  be  remembered,  an  idea  of  similarity  will  be  conveyed 
which  is  altogether  erroneous. 

The  valves  are  sculptm-ed,  cellulose,  or  striated ;  the  apparent  absence  of 
striae  in  some  instances  may  be  accounted  for  by  theii-  extreme  delicacy 
placing  them  beyond  the  reach  of  our  instruments,  since  the  grea.ter  the 
penetration  of  the  object-glass,  and  the  more  perfect  the  illumination,  the 
greater  is  the  number  of  species  found  to  possess  them.  Allien,  therefore,  we 
use  the  terms  "  smooth  "  and  "  very  smooth  "  in  definitions  taken  fi-om  foreign 
works,  they  must  be  understood  to  mean  only  that  the  striae  were  too  fine  to 
be  ascertained  by  the  microscope  of  the  describer. 
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The  word  "transverse"  is,  for  the  sake  of  brevity,  omitted  before  stria;  in 
the  dertions,  but,  unless  the  eontraiy  be  expressed,  it  must  always  be 

'""menthe  fi-ustules  ai-e  lunate  or  curved,  the  convex  margi;i  is  called  the 

dorsum  and  the  opposite  the  venter.      .  ,  ^r.oo\U  dpscrin- 

We  have  not  mentioned  the  Sporangia  m  the  genenc  and  spec^iic  descr^^ 
tions,  because  the  examples  recorded  are  too  few  and  that  co^difaon  ^  ^^^^^^ 
seldom  met  Avith  to  bo  practicaUy  useful.  With  respect  to  the  general 
Soiy  oTthe  Diatomace^!  the  im/ortance  of  Mr.  Thwaites's  chscoveries  can 
scarciy  be  overrated  (see  p.  61).  We  consider  it  however,  desu'able  to  pomt 
out,  that  whilst  the  similarity  of  their  conjugatmg  process  to  that  ot  the 
Desmidieffi  affords  a  powerful  ai-gument  in  support  of  the  vegetable  natm-e  oi 
the  Diatomacete,  the  mdely  different  characters  of  their  sporangia,  not  merely 
in  form  but  in  subsequent  changes,  fui-nish  ii-resistible  evidence  of  the  pro- 
priety of  separating  the  Desmidieoe  from  the  Diatomace^e  The  resemblance 
of  the  reproductive  bodies  in  the  latter  to  the  pai-ent  fnistiiles,  and  their  con- 
tinuous growth  and  increase  by  self-division,  is  so  unhke  what  we  hnd  in 
the  sporangia  of  the  DesmidiesB  and  Conjugat£E,  as  to  appear  more  like  an 
"  alternation  of  generations  "  than  examples  of  true  sporangia. 

The  first  attempt  at  a  scientific  arrangement  of  the  Diatomaceae  was  by 
C  A  Ao'axdh  in  the  '  Conspectus  Critictis  Diatomaceanim.'  He  disti'ibuted 
them  into  three  families— CymbeUe*,  StyUariete,  and  Fragilaneae,  according 
to  the  form  of  their  frustules.  He  considered  that  m  each  family  the  irus- 
tules  might  be  free,  stipitate,  united  into  a  filament,  or  enclosed  m  a  fi'ond. 
This  system  was  greatly  extended  and  improved  by  Professor  Kiitzing ;  and,  as 
we  believe  his  arrangement  (p.  101)  is  the  best  and  most  natiu'al  yet  pro- 
posed, we  have  used  it  in  tHs  work,  admitting,  however,  some  judicious 
alterations  proposed  by  Meneghini  and  others.  It  is  true  we  do  not  meet 
with  examples  of  the  four  conditions  in  each  family ;  but  they  may  fairly  be 
anticipated  to  occur,  and  their  absence  regarded  as  lacunee  likely  to  be  fiUed 
up  by  future  discoveries.  We  have  thus  brought  together  nearly  allied  genera ; 
for  it  is  often  difficult  to  distinguish  a  Eunotia  from  a  Himantidium,  a  Tn- 
ceratium  from  an  Amphitetras,  a  Cymbella  from  a  detached  Cocconema,  and 
an  escaped  frustule  of  Colletonema  from  a  Navicula.  The  arrangements  of 
Ehrenberg  and  Smith  we  regard  as  far  inferior,— separating,  as  they  do,  such 
nearly  allied  forms.  Indeed  the  fame  of  those  eminent  observers  must 
depend  on  their  intimate  knowledge  of  genera  and  species,  and  on  their 
definitions  being  superior  to  those  of  their  predecessors,  and  not  on  their 
primary  divisions.  We  feel  persuaded  that,  but  for  his  lamented  death, 
Professor  Smith  would  have  been  led  by  increased  acquaintance  with  the 
Diatomaceee  to  modify  his  views  in  that  respect  in  a  future  edition  of  his 
valuable  and  beautiful  work  on  the  British  Diatomaceae. 

ANALYSIS  OF  THE  FAMILIES  OF  DIATOMACE.E. 

A. 

'  Valves  with  central  nodule  and  median  longitudinal  line    B. 

J       „     with  umbilicus  or  pseudo-nodulo  and  radiant  lines  or 

cellules   ■'^ 

„     without  a  central  nodule   2 

2    Frustules  in  side  view  lunate  or  arcuate    " 

'1        ,,  „  with  symmetrical  margins    6 

g  I  Valves  dissimilar  Striatelle^. 

\     „  similar   

.  r  Valves  cellulose,' wilhout  transverse  slritc  Anoulifeu/I?. 

1     „     not  cellulose   5 
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Valves  witli  pervious  costtc  or  struD  Eunotib^e. 

„        a  longitudinal  lino  or  keel  Suuuielle/E. 

FruBtules  cuneate  in  the  front  view    7 

„       not  cuneate  in  the  front  view    11 

'  Frustules  free ;  valves  with  alee  SuniEELLA. 

„       attached  or  united  in  filaments  ;  valves  without  alse  ...  8 

'  Valves  dotted,  dots  not  forming  strios   Eucampia. 

,,     not  dotted,  or  the  dots  arranged  in  transverse  lines   9 

Frustules  radiating  from  a  common  centre;  valves  obovate  or 

clavate    10 

,,       not  radiant;  valves  with  symmetrical  ends  Feaoilahie^. 

'  Frustules  in  front  view  with  longitudinal  vittas   Licmopiioue.e. 

„              „         without  longitudinal  vittse  (costos  per- 
vious)  Meridiem. 

'  Connecting  zone  (annulate)  with  imperfect  iatemal  septa  StkiatellriB, 

,,  „     without  internal  septa    12 

Lateral  view  with  3,  or  more,  angles  or  lobes   AKOULiPERa;. 

„       ,,    circular    17 

,,       ,,    neither  angular  nor  cu'cular   13 

Valves  not  conspicuous  in  front  view,  which  is  mostly  longer 

than  broad   14 

„     compressed,  inflated,  conspicuous  in  front  view,  which  is 

mostly  broader  tlian  long   15 

'  Valves  with  a  longitudinal  line   SurireI/LEJ!. 

,,     without  a  longitudinal  Une   Fraoilaeie.e. 

"Valves  in  front  view,  rectangular,  with  transverse  capitate  vittce  .  TerpsinoS-e. 

„  „  with  produced  angles,  processes,  or  spines  16 

'Valves  cellulose,  symmetrical  BinnDLPHiEa:. 

„     not  cellulose,  mostly  dissimilar   Cn/ETOCEREiE. 

Frustules  saddle-shaped ;  valves  mostly  with  longitudinal  blank 

space    Campylodiscus. 

„       not  saddle-shaped ;  central  blank  space  (if  any)  orbicular  18 

Valves  cellulose    19 

,,     not  cellulose  Melosiee.e. 

Frustules  simple  ;  lateral  view  more  conspicuous  than  front   20 

„       either  united  into  filaments  or  front  view  broader  than 

lateral  Melosihe.e. 

„„  r  Valves  furnished  with  projecting  processes    EirpoDisCE.E. 

[    ,,     without  processes,  but  sometimes  with  minute  teeth   CosciNODiscaE. 

B. 

i-,,   r  Only  one  valve  with  a  central  nodule    22 

[  Both  valves  with  central  nodules    23 

Qo  r  Frustules  adnate,  not  genuflexed    Cocconeidej;. 

I       „       not  adnate  (often  stipitate),  genuflexed   AcHNANTHBiE. 

(  Frustules  cuneate  in  front  view ;  valves  usually  with  dissimilar 

23.  J  ends  G-OMPnoNHsraLE. 

[       ,,       not  cmieate ;  valves  with  symmetrical  ends    24 

'  Median  line  rib-like  and  distinct ;  nodules  distinct   25 

„        not  rib-Hke ;  nodules  mostly  obscm-e    2 

Side  view  lunate ;  nodule  mostly  excentric    26 

„        not  Imiate  (rarely  lunately  curved) ;  nodule  central ...  NAVictiLE.E. 

'  Valves  ventricose,  strias  not  decussating    Cymbelle.e. 

„     not  ventricose,  striai  decussating   Toxonidea. 


5. 
6. 
7. 

8. 

9. 

10. 

11. 
12. 

13. 

14. 
15. 
16. 

17. 

18. 

19. 


24. 
25. 
26. 


C. 

Individuals  of  one  piece,  with  radiating  spines   Actiniscks. 

Families. 
*  Valves  without  a  central  nodule. 
Eunoticas.    Meridieaa.    Licmophorea;.    Fragilnriere.    Synedrea;.    Siu'irellea\  Stria- 
tolletc.  TerpsinoeoB.  Biddulphieas.  Angulifercce.  Eupodiscea*.  Coscinodisceae.  Melosire^e. 

Cluetoce  ^  ^  halves  with  a  tnedian  line  and  a  central  nodule. 

Cocconoidcfc.    Achnanthctc.    Cymbellcaj.    Gomphoncmerc.  Naviculcas. 

Actiniscote. 
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FAMILY  I.— EUNOTIE^. 
Fi-ustiilos  free  or  adnate,  in  lateral  yiow  hmate  or  «fcaato  mth  transverse 
stnie  or  coste,  not  interrupted  by  a  centra  nodule  or  l«^S;f^'^,^f^\,^l^°-. 
essential  characters  of  this  group  are  the  lunate  form  of  the  fnis  ules  n  the 
lateral  view,  and  the  stride  being  continuous  across  the  valve,  and  not  mter- 
rupted  by  a  longitudinal  line.  It  is  easily  distingiushcd,  except  from  some 
species  of  Synech-a,  wHch,  however,  are  Unear-cm-ved  rather  than  iunate, 
and  usuaUy  have  an  evident  though  faint  longitudinal  line.  AmpJnplmra 
inflea,-a,  which  in  form  more  nearly  resembles  Eimotia,  has  a  longitudinal 
line  passing  down  the  middle  of  the  lateral  valves.  The  Eunoticaj  have  one 
surface  of  theii-  connecting  zone  flat  or  concave  and  the  opposite  one  convex, 
the  convexity  being  usuaHy  greater  than  the  concavity.  The  lateral  portions 
or  valves  are  either  flat  or  convex ;  in  the  former  case  they  do  not  appear  in 
the  front  view,  and  the  finstule  appears  quadrilateral ;  m  the  latter,  on  a 
front  view,  they  have  an  oval  form.  Liie  most  Diatomaceae,  the  connecting 
zone  has  two  puncta  at  each  end. 

Genus  EPITHEMIA  (K.). — Erustules  Innately  curved  in  lateral  view,  and 
furnished  with  transverse  internal  ribs  (canals,  Sm.) ;  usually  adnate  by  the 
flat  or  concave  surface  of  the  connecting  zone,  and  not  by  one  of  the  lateral 
valves,  like  Cocconeis,  The  lateral  view  has  strongly-marked  transverse  lines, 
which'  Mr.  Smith,  in  his  beautiful  work  '  The  British  Diatomaceae,'  calls 
canaliculi.  We  consider  them  internal  ribs ;  in  fragments  it  is  by  no  means 
difiicult  to  see  them,  as  they  give  a  dentate  appearance  to  the  margin ;  their 
form  is  somewhat  triangular,  but  we  are  unable  to  detect  any  internal  cavity 
or  canals.  Mr.  Smith,  however,  may  have  used  microscopes  of  larger  angular 
apertxu-e  and  higher  magmfyiug  powers  than  we  employed.  Besides  these 
ribs,  the  valves  have  transverse  striae  or  pimctated  lines.  The  adnate  fi-us- 
tules  and  strongly-marked  ribs  disting-uish  Epithemia  from  Euiiotia  and 
Himantidium.  In  the  front  view  the  ends  of  the  ribs  frequently  produce  a 
beautiful  beaded  appearance.  These  beads  form  two  longitudinal  lines,  and 
are  more  or  less  remote  from  the  margins,  according  to  the  convexity  of  the 
lateral  valves.  They  are  frequently  more  numerous  on  one  side  than  on  the 
other,  and  are  not  aU  equidistant,  even  in  the  same  series. 


*  Front  rieio  gibbous  at  the  centre^ 
costcejine. 

Epithemia  gibba  — ^Frontview 
elongated,  linear,  inflated  at  the  centre 
and  ends.  KB.  p.  33,  t.  4.  f.  22.  =  Na- 
vicula  gibba,  E  Inf.  p.  184;  Eunotia 
gibba,  EA  &  M,  many  figures.  Fresh 
water.  Common.  Elirenberg  gives  about 
100  habitats  in  Europe,  Asia,  Australia, 
Afiica,  and  America,  (xn.  27.)  Striaa  36 
in  -001";  costa)  15  in  -001".— Distin- 
guished by  its  elongated  frustules,  fine 
strico,  and  dilated  ends;  but,  from  its 
nearlystraight  side-viow,it3  proper  genus 
may  be  overlooked. 

E.  rentricom  (K.). — Front  ^^ew  ellip- 
tic, oblong,  with  gibbous  middle  ;  valviis 
arcuate,  with  gibbous  dorsum  and  atte- 
nuated, acute,  somewhat  incm-ved  ends  ; 
stria)  fine.    KB.  p.  35,  t.  30.  f.  9 ;  SBl). 


i.  pi.  1.  f.  14.  Fresh  and  brackish  water. 
Em'ope. 

E.  angulata  (Perty). — Dorsum  tm-gid, 
sloping  to  the  obtuse  ends ;  venter  con- 
cave at  the  centre,  striaj  about  12  in 
1-1200".  Rab  Diat.  p.  18,  1. 1.  f.  18.  = 
Eunotia  Jastrabemis,  EM.  pi.  8. 1.  f .  3  ? 
Switzerland.  Fossil.  Hungary.  Ac- 
cording to  the  figures,  the  frustules 
are  gibbous  or  rhomboid  in  the  front 
view. 

♦ 

2*  Front  view  with  marginal  bead-like 
dots  formed  by  the.  cajntaie  ends  of  the 
costcB  (  =  Cystopleura,  Breb.). 
E.  Ai-gu^  (E.,K.).  — Front  view  rect- 
angular,'with  conspicuous  ocelli  termi- 
nating the  stalk-like  costas,  and  having 
distinct  striii)  interposed  botw(>ou  them. 
KB.  p.  35,  t.  29.  f.  65.  =  Eunotia  Argus, 
EA.  p.  125,  &  M.  1. 15  A.  f.  59.  Europe, 
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Asia,  Australln,  and  America,  (xv.  11.)  I 
Volvo  lunatolj'  curved.  Sporangial  frus- 
tules  with  somewhat  angular  dorsmn. 
A  common  species,  easily  recognized  by 
the  distinct  marginal  strife  inteiT^)osed 
between  the  rather  distant,  conspicuous 
bead-like  ocelli. 

E.  alpestn's  (K.). — Front  view  rectan- 
gular or  subcimeate,  with  conspicuons 
marginal  ocelli  and  intei-posed  strife ; 
valves  narrow,  arcuate,  with  the  roimded 
apices  scarcely  a  little  recurved.  liB. 
p.  34,  t.  5.  f.  16.  =  -B.  ostrantina,  Rab  Diat. 
p.  19,  t.  1.  f.  29?  France,  England, 
(xm.  8.)  We  are  unable  to  distingiiish 
this  species  from  E.  Argus ;  for  we  believe 
that  the  subcuneate  fr'ont  view  is  an 
accidental  variation,  and  in  specimens 
from  M.  de  Brebisson  we  find  that  cha- 
racter by  no  means  constant.  Strife  are 
interposed  between  the  ocelli,  as  in  E. 
Arc/us,  and  are  nearly,  if  not  quite,  as 
distant  as  in  that  species ;  and  we  doubt 
whether  recurved  extremities  of  the 
valves  are  not  sometimes  found  in  both. 

E.  reticulata  (Niig.). — Front  viewrect- 
angidar,  margins  with  stronger  capi- 
tate and  intermediate  finer  ones ;  valves 
slightly  cm-ved,  the  obtuse  ends  some- 
what attenuated ;  striae  strong,  3  to  5  in 
1-1200";  the  interstices  regidarly  reticu- 
lated, veined,  margins  finely  transversely 
striated.  KSA.  p.  889.  Switzerland. 

E.  lonyicornis  (E.,  S.).  —  Front  view 
subrectangular,  with  conspicuous  mar- 
ginal ocelli  and  stria?,  as  in  E.  Argus ; 
valves  elongated,  cmwed,  with  obtuse 
ends  and  slightly  angular  dorsum. 
SBD.  pi.  30.  f.  247.  =  Eumtia  longi- 
cornis,  EM.,  several  figures.  Europe, 
Asia,  and  America,  (xv.  G-9).  Costse 
strong,  alternating  with  striated  spaces. 
Perhaps  a  aporangifd  state  of  E.  Argus. 

E.  ocellata  (E.,  K.). — Front  view  bar- 
rel-shaped, with  conspicuous  marginal 
ocelli  and  interposed  strife ;  valves  In- 
nately curved,  with  rounded  apices.  KB. 
p.  34',  t.  29.  f.  57 ;  SBD.  pi.  1.  f.  6.  =Eu- 
■notia  ocellata,  E.  Fresh  water.  Europe 
and  America.   Fossil.  Greece. 

E.  Eugenice  (S.). — Front  view  inflated, 
with  truncate  extremities  ;  valves  lunate, 
with  straight,  trimcatc  extremities  ; 
costffi  distinct,  8  in  -001";  ocelli  con- 
spicuous ;  stria)  32  in  -001".  S  An. 
.Jan.  1857,  p.  7,  pi.  1.  f.  1.  Freshwater. 
]3iarritz,  France.  The  nearest  allies  of 
this  species  are  E.  prohoscidca  and  E. 
Sorcx.  It  may  be  distinguished  from 
the  first  bv  its  distinct  ocelli,  and  from 
the  second'  b,y  its  conspicuous  costic  and 
their  arcola-iike  interspace^.  S. 


E.  conita  (E.). — Small;  valves  curved, 
witli  regidarly  convex  dorsum  and 
roimded  ends;  strife  strong  and  gi-a- 
nidar.  =  Eunoiia  cointa,  JiA.  1840,  &  JM. 
pi.  6.  2.  f.  17  6',/.  Fos.sil.  Greece.  We 
are  not  certain  whether  this  and  the  next 
species  are  coiTectly  placed  in  the  ocel- 
lated  section. 

E.  Helloiica  (E.).  —  Valves  long, 
ciu'ved,  with  regularly  convex  dorsum 
and  roimded  ends ;  costa)  sti'ong,  4  in 
1-1200",  having  very  delicate  strife  in- 
tervening between  them.  =Eunotia  Hel- 
lenica,  EA.  1840,  &  M.  pi.  6.  2.  f.  17  a,  b. 
Fossil.  Greece. 

3  *  Costce  not  capitate. 
E.  constricta  (Br^b.).  —  Front  view 
elliptical,  slightly  constiicted  at  the 
middle ;  valve  semilunate,  with  8  distinct 
costas  in  -001".  SBD.  vol.  i.  p.  14,  pi. 
30.  f.  248.  Brackish  water.  France  and 
England.    Stria)  30  in  -001".  S. 

E.  margaritifera  (Rab.). — Fi'ont  view 
baiTel-shaped,  with  truncate  ends  and 
striated  margins ;  valves  Avith  three  dor- 
sal undulations  and  rounded  ends ;  costa3 
4  to  5  in  1-1200";  bordered  by  puncta. 
Rab  Diat.  p.  17,  pi.  1.  f.  32.  Persia. 

E.  Musculus  (K.). — Front  view  sub- 
orbicidar ;  valves  lunate,  with  very  con- 
vex dorsum,  concave  venter,  and  taper- 
ing acute  apices;  costse  distinct.  KB. 
p.  33,  t.  30.  f.  6;  SBD.  pi.  1.  f.  10.  = 
Eunotia  SphcBitila,  EM.  pi.  8.  1.  f.  6? 
Brackish  water.  Eiu-ope,  Asia,  Africa, 
and  America,  (xra.  18.)  Steias  40  in 
•001".  S. 

E.  rupestris  (S.). — ^Front  view  elliptic 
or  eUiptic-lanceolate  ;  valves  semilan- 
ceolate,  tapering  to  the  subacute  apices ; 
costfie  distinct ;  strios  faint,  40  in  -001". 
SBD.  vol.  i.  p.  14,  pi.  1.  f.  12.  E.  gibbe- 
rula,  KB.  t.  30.  £  3 ;  KA.  p.  3.  =  E. 
Westerinanni,  SBD.  vol.  i.  p.  14,  pi.  1. 
1 11.  Fresh  or  brackish  water.  Europe 
and  America. 

E.  (7?««»2?<ecos)fai!rt  (Rab.).— Valve  semi- 
lanceolate,  with  obtuse  ends,  and  five 
somewhat  converging  costfc.  Rab  Diat. 
p.  18,  t.  1.  f.  35.  Germany. 

E.  Hyiidmani  (S.).— Front  view  veu- 
tricose  with  truncate  ends ;  valves  stout. 
Innately  curved,  with  rounded  apices; 
strife  moniliform,  16  in  -001";  costa)  in- 
conspicuous. SBD.  vol.  i.  p.  12,  pi.  1.  f.  1. 
=  Emtoiia  Luna,  EM.  pi.  15  a.  f.  58. 
Britain.    Large;  valve  not  recm-ved. 

E.  Wesicnnaiiui  (E.,  K.).— Front  view 
elliptic;  vahes  semilunate,  with  turgul, 
convex  dorsum  gradually  attenuated  to 
the  rather  obtuse  not  piomment  apices ; 
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striro  scarcely  convergino-,  7  or  8  m 
1-1200".  ICB.  p.  23,  t.  30.  f.  4.  =  Hu- 
notia  Wvstvrmaniii,  E  Inf.  p.  100,  &  M, 
manv  ii^iu'es.  Europe,  Asia,  aud  Ame- 
rica." (n\  2  ;  IX.  157.)  In  Elirenterg  s 
Ho-ures  tlie  frastnles  are  lai-ge,  tlie  stout 
valve.'!  have  the  obtuse  apices  somewhat 
produced  and  recun-ed,  and  the  inter- 
stices of  the  costaa  fimiished  with  dotted 
lines.  . 

E.  (jihherula  (E.).— Fi'ont  view  elliptic, 
with  slightly  produced  apices;  valves 
with  gilibous  dorsimi,  slightly  concave 
venter,  and  attenuated,  recurved  apices ; 
sti-ias  converging,  33  in  -QQl" .=Eiinotia 
qihberula,  EA.  p.  125,  &  M,  numerous 
itto-tires.  =  E.  Sorex,  KSA.  p.  1 ;  S13i). 
vol.  i.  p.  13,  pi.  1.  f.  9.  Fresh  or  brackish 
water.  Common.  Eiu-ope,  Asia,  Aus- 
ti-alia,  Africa,  and  America.  Oostffi  in- 
conspicuous. 

E.  Saxonica  (K.).— Minute ;  front  view 
rectangulai- ;  valves  limately  cm-ved,  at- 
tenuated, with  obtuse  not  reciu-ved  ends ; 
strijB  subconverging,  6  to  7  in  1-1200". 
KB.  p.  35,  t.  5.  f.  15.  Italy  and  Ger- 
many. 1-840". 

E.  Tuxtricula  (E.,  K.).— Valve  linear. 
Innately  ciuwed,  with  rounded  ends ; 
costse  stout,  distant;  interspaces  with 
series  of  longitudinal  striffi.  KB.  p.  35, 
t.  29,  f.  53.  =  Eunotia  Textricula,  EA. 
p.  126,  &  M,  several  figaires.  Europe, 
Asia,  Austealia,  Africa,  and  America. 
Small ;  ends  not  recm-ved.  • 

E.  Zebra  (E.,  K.^).  —  Front  view  sub- 
linear  ;  valves  senulimate,  with  convex 
dorsimi,  straight  venter,  and  very  obtuse, 
slightly  prominent  apices;  costte  con- 
vergent, 5  to  7  in  -001".  ItB.  p.  34, 
t.  30.  f.  5 ;  SBD.  pi.  1.  f.  4.  =  Eunotia 
Zebra,  E.  Em-ope,  Asia,  Afiica,  and 
America.    StiiiB  33  in  -OOl".  S. 

E.ze6nM«(E.,K.). — Elongated ;  valves 
with  evenly  convex  dorsum,  gi-adually 
decmTent  into  the  obtuse,  consti'icted 
apices;  interspaces  dotted,  KB.  p.  34. 
=  Eunotia  zebrina,  EA.  p.  126,  &  M, 
several  figures.  Asia,  Austaralia,  Ame- 
rica, and  Europe. 

E.<W(7jV/rt(E.,K.). — Large ;  frontview 
linear  or  .slightly  dilated  at  the  middle  ; 
valves  curved,  with  the  slightly  convex 
dorsum  gradually  attenuated  to  the  tnm- 
cate  apices,  which  are  neither  prominent 
nor  recurved ;  striaj  diverging,  8  or  0  in 
1-1200".  KB.  p.  34,  t.  5.  f.  U.=  Eunotia 
lurgidu,  E  Inf.  1. 14.  f  5.  Europe,  Asia, 
and  America,  (iv.  1 ;  ix.  159-161.) 

E.  (jranulala  (E.,  K.). — Ijarge  ;  front 
view  linear  or  linear-oblong ;  valves 
slender,  slightly  arcuate,  with  obtuse, 


recurved  apices;  stria)  moniliform ;  costiB 
distinct.  kB.p.35,t.5.f  20.  K  Faba, 
KB  n  36,  t.  5.  f.  21.  =  Eunotia  t/ranu- 
lata,  E 


Inf.  p.  191,  t.  21.  f.  20  =  J^j/</ie- 
7nia  turqida,  SBD.  vol.  i.  pi.  1.  f-  2.  Eu- 
rope, Asia,  Africa,  and  Amenca.  _ 

f1  Vcrtagus  (K.).— Large;  front  view 
sublinear,  gi-aduaUy  dilated  at  the  mid- 
dle; valves  slender,  arcuate,  with  roimded, 
retlexed  apices  ;  costos  converging,  10  in 
1-1200" ;  striae  punctate.  KB.  p.  3b, 
t.  30.  12  =  E.  (jrantdata,  SBD.  vol.  i. 
t'.  1.  f.  3.  Fi-esh  water.  Em-ope.  Re- 
sembles the  last,  but  the  valves  ai-e  far 
more  slender. 

E.Librile  (E.,  K.).— Large ;  fi-ont  view 
rectangular;  valves  arcuate,  with  con- 
cave venter,  dorsum  evenly  convex  at 
the  middle,  suddenly  decreasing  towards 
the  obtuse,  slightly  revolute  apices ;  in- 
terspaces between  the  costee  dotted. 
KB.  p.  35,  t.  29.  f.  45.  =  Eunotia  Librile, 
E  Amer.  p.  126,  t.  3. 1.  f.  38.  Asia, 
Afi-ica,  and  America,  (xii.  24,  25.) 

E.  Porcellus  (K.).— Large ;  front  view 
linear,  seven  times  as  long  as  broad; 
valves  with  convex  dorsum,  concave 
venter,  and  truncate  retlexed  ends ; 
striae  converging,  11  in  1-1200".  KB. 
p.  34,  t.  5.  f.  18,  19.  Fossil.  San  Fiore. 
(xiii.12.)    1-240"  to  1-216". 

'E.  proboscidea  (K.).  —  Small;  fi-ont 
view  rectangular  with  obtuse  angles  ; 
valves  with  gibbous  dorsum,  slightly 
concave  venter,  and  constricted,  obtuse, 
remarkably  reciu-ved  ends ;  costse  con- 
spicuous, converging.  ItB.  p.  35,  t.  5. 
ff  13  ;  SBD.  vol.  1.  p.  13,  pi.  1.  f.  8  ? 
Fossil,  Liinebui-g;  Britain;  recent,  Jer- 
sey. Costas  5  or  6  in  1-1200".  British 
specimens  have  the  front  view  inflated, 
and  therefore  may  be  distinct. 

E.  ?  marina  (Donldn). — Dorsal  -view 
rectangular,  with  longitudinal  series  of 
pimcta  on  the  connecting  zone;  valves 
linear,  slightly  arcuate,  with  produced 
rosti-ate  apices;  costte  conspicuous;  in- 
terspaces pimctated.  Donldn,  TMS. 
vol.  vi.  p.  29,  pi.  3.  f.  14.  Marine.  Eng- 
land. A  large  and  beautiful  Diatom, 
whose  genus  is  somewhat  imcertain.  It 
agrees  with  Amphora  in  having  the  lon- 
gitudinal rows  of  puncta  confined  to  the 
dorsal  surface,  whilst  in  the  fonn  of  its 
valves  it  resembles  some  species  of 
Nitzschia.  Oostso  and  stria)  11  iu  -001". 
Donkin. 

Doubtful  and  insufficienthi  Jcnown  species, 
E.  Electra  =  Eunotia  Electra,  EM. 
pi.  37. 3.  f.  3.    Fossil.    Prussia.  Valve 
.semiorbicular,  with  strong,  radiant  striro. 
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E.  Lindigii  (Rab.).  —  Minute ;  front 
view  orbiciilar;  costte  6  to  7.  Eab  Diat. 
p.  19,  pi.  1.  f.  20.  Bogota. 

E.  Sancti  Antonii  =  Mmotta  Scmcti 
Antonii,  EM.  pi.  34.  5.  f.  7,  &c.  Ame- 
rica. Front  view  rectangular,  with 
conspicuous  marginal  capitate  striae; 
valves  obtusely  lanceolate,  straight,  with 
sti'ong  ti-ansverse  costae.  Probably  a 
Denticula. 

E.  Beatoritm=Eimotia  Beatorum,'EM.^ 
pi.  34.  5.  f.  8.  America.  Front  view 
rectangulai",  with  marginal  gland-like 
pimcta.  According  to  Ehrenberg,  this 
species  is  allied  to  E.  Sancti  Antonii. 

E.  Lunula  =  Eunotia  Lunula,  EM. 
pi.  33.  7.  f.  9,  &  pi.  33. 14.  f.  8.  Ehren- 
berg's  figiu-es  dilFer  considerably.  The 
first  ia  slightly  arcuate,  elongated,  with 
obtuse,  slightly  recm-ved  ends;  the  se- 
cond is  smaller,  hmate,  rapidly  tapering 
to  the  obtuse  ends.  Both  have  radiant 
costsD  without  intermediate  dotted  lines. 

E.  mesolepta  =  Eunotia  mesolepta,  EM. 
pi.  9. 1.  f.  26.  Fossil.  France.  Valves 
elongated,  slightly  cm*ved,  with  attenu- 
ated middle,  and  conic  ends ;  costcB  alter- 
nating with  dotted  striae. 

E.  mesogongyla  =  Emotia  mesogongyla, 


EM.  pi.  9.  1.  f.  27.  Fossil.  France. 
Valves  Imear,  elongated,  slightly  curved, 
with  gibbous  middle,  and  rounded  ends ; 
costao  altomating  with  dotted  strije. 

_E.  ?  Fuha  (E.,  K,).— Valves  semioval, 
slightly  arcuate,  with  obtuse,  very  slightly 
recurved  apices,  and  9  monilifoi-m  striae 
in  1-1200".  =Eunotia  Faha,  EM.  Seve- 
ral figiu-es.  Ehi-enberg's  figm-e  seems  to 
us  rather  to  represent  a  Eunotia  than  an 
Epithemia. 

E.  ?  cingulata  (E.,  K.).— Small,  smooth, 
with  convex  dorsum  and  tumid  connect- 
ing zone.  KB.  p.  36.  =  Eunotia  ?  citi- 
gulata,  EA.  p.  126,  t.  2.  6.  f.  34.  North 
America.    Akm  to  E.  gibbenila,  E. 

E.  Cocconema  =  Eunotia  C'occone?na, 
EM.  pi.  34.  7.  f.  1.  Canton.  Valve 
stout,  semilimate,  with  regularly  convex 
dorsum,  straight  venter  and  rounded 
ends,  strong  costae,  fine  intermediate 
stiiae,  and  a  longitudinal  blank  line. 

E.  Cistula  =  Eunotia  Cistida,  EM. 
pi.  8. 1.  f.  5,  &c.  Asia.  Front  view  ob- 
long or  elliptic,  with  costate  mai-gins ; 
valves  stout,  limate,  with  obtuse  ends, 


strong,  radiating 
longitudinal  line. 


costae,  and  a  blank 


Genus  EUNOTIA  (E.).  —  Frustules  free,  in  front  view  quadrangular,  in 
lateral  view  lunate,  or  arcuate,  and  striated.  In  form,  Eunotia  is  allied  to 
Epithemia ;  but  the  lateral  surfaces  of  the  fnistules  are  merely  striated,  and 
want  the  conspicuous  costse  of  that  genus.  The  superior  margia  is  usually 
undulated,— an  appearance  caused  by  transverse  depressions.  The  fnistules 
are  not  adnate,  and  ia  the  front  view  do  not  appear  beaked. 

We  believe  that  the  species  in  this  genus,  as  in  several  others,  have  been 
founded  upon  rasufficient  characters,  and  that  those  forms  which  differ  only 
in  the  undulations  should,  as  Professor  Bailey  suggests,  be  regarded  as 
varieties.  As  this  work,  however,  is  intended  to  include  all  generally 
admitted  species,  we  are  content  to  indicate  our  ojnnion,  the  correctness  of 
which  must  be  determined  by  fiiture  observations.  Kiitzing  and  Mencghini 
describe  the  transverse  section  as  trapezoidal,  and  regard  it  as  an  important 
generic  character ;  but  we  agree  with  Professor  Smith  in  doubting  the  occur- 
rence of  such  a  form.  Several  species  of  Eunotia  have  been  found  by  Bailey 
and  Brebisson  united  into  short  bands ;  and  unless  the  generic  characters  of 
Eunotia  and  Himantidium  can  be  sti'engthened,  it  wiU  become  necessary  to 
reunite  these  genera.  The  dorsal  elevations  in  Eunotia  and  Himantidium 
appear,  in  the  front  view,  transverse  darker  bands. 

AHn  to  jE  nodosa,  but  -with  in- 


*  Dorsal  margin  of  valves  not  dentate. 

Eunotia  nodosa  (E.). — ^Valves  slightly 
arcuate,  with  inflated  centre  and  reflexed 
obtuse  apices.  ERBA.  1840,  p.  15,  &  M. 
pi.  15  D.  3.  f.  25.  Asia  and  America. 
Lough  Mourno  deposit. 

E.  Formica  (E.). — Valves  linear,  Avith 
inflated  centre  and  ends.  EA.  p.  126, 
&  M,  pi.  3.  4.  f.  18.  Australia  and  Ame- 


rica. 

flated  and  sti'aight  apices.  E. 

E.  ventralis  (E.).  — Valves  elongated, 
lineal',  curved,  with  txmiid,  roimded 
apices,  and  gibbous  venter.  EA.  p.  126, 
&  M,  several  figures.  Em-ope,  Asia, 
Africa,  and  America, 

E.  Ltina  (E.). — Valves  linear,  lunat«ly 
cm'vod,  with  simply  convex  dorsum, 
gibbous   venter,    and    obtuse  apices. 
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ERBA.  1845,  p.  77,  &  M.  pi.  33. 12.  f,  13. 

Fossil.  Oregon. 

E.  Sima  (E.).— Valves  lineai-,  slightly 
ciu-ved,  with  rather  concave  venter ; 
doi-siim  suddenly  sloping  down  to  the 
produced,  acute,  reflexed  apices.  EK. 
feA.  1845,  p.  77,  &  M.  pi.  33.  12.  f.  16. 
Fossil.  Oregon. 

E.  biceps  (E.).— Valves  linear,  curved, 
with  dilated,  slightly  revolute,  broadly 
rounded  ends,  EA.  p.  125,  &  M.  pi.  5.2. 
f.  36.  Em-ope  and  America.  Some  at 
least  of  Ehrenberg's  figm-es  in  the  '  Mi- 
crogeologie'  belong  to  Synedrajlexuosa. 

E.  Alpina  (K.)  =  Eimantidmm  Hal- 
cyoMc/Z*  (Perty).— Valves  with  tm-gid 
convex  dorsimi,  slightly  produced  sub- 
truncate  apices,  and  very  fine  transverse 
striffi.  KB.  p.  36,  t.  3.  f.  10.  Switzer- 
land. 

E.  incisa  (Greg.). — Valves  arcuate, 
slender,  with  obtuse  or  subacute  apices, 
and  subterminal  notches  or  depressions 
on  the  ventral  mai-gin ;  striaj  fine,  44  in 
•001".  Greg  MJ.  vol.  ii.  p.  96,  pi.  4. 
f.  4.    Lapland,  Scotland. 

E.  Plectrum,  EM.  pi.  6.  2.  f.  15. 
Fossil.  Sweden.  Valve  semilunate,  con- 
stricted beneath  the  capitate  apices ; 
venter  straight ;  dorsum  evenly  convex. 

'E.  Hemicijclus  (E.).  — Small;  valves 
linear,  curved,  semicircular,  with  obtuse 
apices  and  distinct  transverse  striae.  = 
Smedra  Hemicyclus,  ERBA.  1840,  & 
M.  t.  16.  =  E.  Falx,  Greg  MT.  vol.  ii. 
p.  105;  MJ.  vol.  iii.  pi.  4.  f.  1.  Fossil. 
Sweden. 

2  *  Valves  with  two  dorsal  and  three 
ventral  undulations. 

E.  Oi-ocodilus  (E.). — ^Valves  elongated, 
slightly  curved,  with  two  dorsal  and 
thi-ee  ventral  imdulations;  apices  pro- 
duced, subacute,  reflexed.  ERBA.  1845, 
p.  77  ;  M.  pi.  34.  5  a.  f.  4.  Afi-ica  and 
America. 

E.  Tapacumae,  EM.  pi.  34.  5  a.  f.  5. 
America.  Valve  with  two  dorsal  and 
tlu'ee  ventral  imdulations  separated  by 
deep  sinuses;  apices  abruptly  produced 
into  a  short  beak.  E.  Tapacumae  seems 
to  differ  ii'om  E.  Crocodilus  in  its  stouter 
form,  deeper  sinuses,  and  more  abruptly 
produced  apices. 

3  *  Valves  icith  dentate  or  crenate 
dorsum, 

E.  Camelm  (E.).  —  Valves  striated, 
small;  dorsum  with  two  approximate 
rounded  elevations,  sloping  to  the  atte- 
nuated, produced,  obtuse  apices.  EA. 


p.  125,  t.  2. 1.  f.  1.    Asia,  Africa,  and 

America.  e  •  .^     .  • 

E.  bidcntula  (S.).— Valves  faintly  stri- 
ated, with  two  prominent,  acute_  or 
rounded  dorsal  ndges,  very  straight 
ventral  margin,  and  obtuse,  produced 
apices.  SBD.vol.ii.p.83  E.  Camelus, 
Grev  ANI-I.  2nd  series,  vol.  xv.  pi.  9,  1. 1. 
Britain.  Difi'ers  from  E.  Camelus  m  its 
straight  ventral  margin. 

B: Sella  (E.).— Valve  dilated;  ventral 
margin  sti'aight;  dorsum  with  two  central 
ridges,  from  which  it  passes  with  a  re- 
gular convexity  to  the  acute  apices. 
EA.  p.  126,  t.  2. 1,  f.  7.  America. 

E.  Zygodon  (E.).— Valves  linear ;  dor- 
simi with  two  approximate  ridges,  fi-om 
which  it  passes  by  a  cm-vatiu-e  to  tbe 
roimded  apices.  EA.  p.  127,  t.  2. 1,  f.  6. 
America. 

E.  declivis  (E.).  —  Valves  with  plane 
venter ;  dorsiun  convex,  with  two  ndges 
which  slope  to  the  acute  apices.  EA. 
p.  125,  t.  2.  1.  f.  3.  America. 

E.  impressa,  EM.  pi.  2.  2.  f.  30,  &c. 
America.  Small,  stiiated;  valves  nar- 
row, Knear,  with  two  slight  dorsal  un- 
dulations and  obtuse  ends.  Perhaps  a 
bicrenate  state  of  E.  tridentula. 

E.  hactriana,  EM.  pi.  16.  1.  figs.  29, 
30,  &  pi.  16. 2.  f.  19.  Fossil.  _  Sweden. 
This  seems  a  distinct  species,  vnth  linear, 
nearly  straight  valves,  and  two  remote, 
minute  dorsal  teeth. 

'E..  diodm  (E.). — Valves  stout,  with 
two  roimded  dorsal  ridges  and  broadly 
roimded  ends;  sti-ise  distinct,  radiant. 
E  Inf  p.  192,  t.  21.  f  23 ;  SBD.  pi.  2. 
f.  17.  Recent  and  fossil.  Em-ope,  Asia. 
Afi-ica,  and  America. — This  and  the  thir- 
teen following  species  of  Ehreuberg  we 
regard  as  mere  vai-ieties,  which  difi'er  only 
in  the  number  of  their  dorsal  elevations. 
The  species  may  be  called  E.  robusta : 
its  valves  are  stout,  semilunate,  with 
concave  venter,  broadly  rounded  ends, 
turgid  convex  dorsum  fm-nished  with 
conspicuous,  roimded,  diverging  ridges, 
and  the  sti-iaj  are  strongly  marked  and 
highly  radiant ;  as,  however,  the  valves 
increase  in  length,  according  to  the  in- 
creased number  of  dorsal  ridges  each  is 
comparatively  more  slender  than  its  pre- 
decessor, and  the  ridges  are  smaller  and 
resemble  crenations. 

E.  triodon  (E.).  —  Has  three  dorsal 
ridges ;  otherwise  resembles  E,  diodoti, 
E  Inf  p.  192;  SBD.  pi.  2.  f  18.  Recent 
and  fossil.  I'-urope,  Asia,,  Africa,,  and 
America,  (iv.  4;  ix.  164.) 

E.  Ictraodon,  E.,  Sm.,  K.,  Rab. ;  E. 
peniodon,  E.,  K. ;  E.  Diadcma  (G  ore- 
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nations),  E.,  K,,  Sm.  ;  E.  hcptodon, 
E.,  K. ;  E.  octodon,  E.,  K. ;  JE.  ennuudon, 
E.,  K. ;  E,  dccaodoii;  E.,  K, ;  JE,  hen- 
decaodon,  E.,  K. ;  JE.  dodecaodon,  E.,  K. ; 
E.  serndata  (13  crenations),  E.,  K, ;  E. 
prionotis  (14  crenations),  E.,  K. ;  E. 
polyodon  Tall  forms  with  more  than  20 
crenations),  E.,  K.  Fossil  and  recent. 
Eiu'ope  and  America. — Br^b.,  Rah.,  and 
Kiitz.  pLace  E.  tetraodon  in  Hinianti- 
dium  hecause  the  frustides  are  occa- 
sionally imited  into  short  tablets.  We 
ai-e  unable  to  conciu-  with  them. 

E.  Elepluis  (E.). — Valves  stout,  cm-ved, 
with  tlii-ee  dorsal  teeth  and  broadly 
rounded  ends.  EA.  p.  126,  1. 1.  4.  f.  5. 
Brazil. 

E.  dizyga  (E.).  —  Valves  striated  (?), 
semilunate ;  dorsum  with  fom-  teeth,  ap- 
proximate at  the  middle,  EA.  p.  126, 
t.  2. 1.  f.  8.  Cayenne. 

E.  Corona  (Rab.). — Valves  nearly  as 
broad  as  long ;  dorsmn  turgid,  with  iive 
ridges ;  venter  shorter,  and  separated 
from  dorsum  by  a  constriction.  Eab 
Diat.  p.  17,  1. 1.  f.  36.  Italy.  Strict  di- 
stinct, radiant. 

E.  tridentida  (E.).  —  Small ;  valves 
finely  striated,  cm-ved,  naiTow-linear, 
with  three  slight  dorsal  crenations,  and 
obtuse  recm-ved  apices.  EA.  p.  126, 
t.  2. 1.  f.  14 ;  Grev  Annals,  2nd  series, 
XV.  pi.  9.  f.  2.  Em'ope,  Asia,  Africa, 
and  America. — We  woidd  imite  this  with 
the  following  thirteen  species  imder  the 
name  of  E.  Ehrenhergii.  The  valves  are 
linear,  cm-ved,  with  small  dorsal  teeth 
or  crenations,  and  become  larger  and 
longer  in  proportion  to  the  nimiber  of 
their  teeth.  The  stiise  are  less  radiant 
than  in  E.  rohusta,  and  the  dorsum  less 
turgid. 

E.  quaternaria,  EA.  ;  E.  quinaiia 
(xn.  39),  EA. ;  E.  senaria,  E.  septetia, 
EA.  =  E.  septenaria,  EM. ;  E.  octonaria, 
E.  nonaria,  E.  denaria,  E.  undenaria,  E. 
Terra  (12  crenations),  E.  tridenaiia, 
E.  quatuordenuria,  E.  quindenaria,  E. 
bioctonaria.  Recent  and  fossil.  Eu- 
rope, Asia,  Africa,  and  America.  Ehr., 
Kutz. 

E.  scalaris  (E.,  K.). — Dorsum  with  17 
dorsal  teeth.  EM.  pi.  17. 1.  f.  44.  Fossil. 
Finland.  In  this  and  the  two  following 
species  Ehrenberg  probably  included 
forms  belonging  to  E.  rohusta  and  E. 
Ehrenhergii. 

E.  icosodon  (E.,  K.).— Valves  striated, 
linear,  curved,  with  20  dorsal  teeth. 
ERBA.  1845,  p.77;  Microg.  pi.  33.  10. 
f.  3.    Fossil.  America. 

E.  polyodon  (E.)  resembles  E.  icoso- 


don, but  has  more  than  20  dorsal  teeth. 
E.  c.  p.  77;  Microg.  pi.  17. 1.  f.  45. 
Fossil.  Finland. 

Bouhlfid  and  insufficiently  known  Species. 

E.  triglypliis  (E.)  =  E.  triodon,  Ralfc, 
Annals,  vol.  xiii.  pi.  14.  £  3  ?  ^Ui-ica  and 
America.    Sussex  ? 

E.  tetrtujlyphis  (E.).  Asia,  Africa,  and 
America. 

E.  pentaglppUs,  EM.  pi.  16.  2.  f.  22, 
&  pi.  17.  1.  i.  32.  Em-ope,  Asia,  and 
America.  Valves  minute,  linear,  with 
five  dorsal,  approximate  teeth,  (iv.  3.) 

E.  hexar/lyphis,  EM.  pi.  16.  1.  f.  34, 
&  pi.  16.  2.  f.  24.  Em-ope  and  Asia. 
Resembles  E.  pentaglypMs,  but  has  six 
dorsal  teeth. 

The  above  foims  are  probably  only 
varieties.  They  seem  to  difler  from  E. 
Ehrenhergii  in  more  minute  size,  obso- 
lete or  indistinct  sti-ise,  and  approximate 
teeth. 

E.  Amphidicranon  (E.).  — Valve  qua- 
di-angular,  straight,  transversely  sti-iated, 
with  consti'icted  middle  and  emarginate 
ends.  ERBA.  1845,  p.  77  ;  Microg. 
t.  33. 12.  f.  14.    FossH.  Oregon. 

E.  hi-evicornis  (E.).  —  Oblong,  dilated 
with  suddenly  acutely  rostrate  ends ; 
venter  slightly  concave  at  the  middle ; 
dorsimi  slightly  convex,  nearly  smooth 
(very  finely  striated?).  ERBA.  1845, 
p.  363.   Marine.   Iniia..= A.  Nitzschia? 

E.  Crefce  (E.). — Valves  sti-iated,  nar- 
row-lanceolate, acute,  very  gradually  at- 
tenuated at  each  end.  ERBA.  1844, 
p.  81 ;  EM.  pi.  22.  f.  55,  56.  Cocconenia 
CretcB,  E.    Fossil.  Sicily. 

E.  Pileus  (E.). — Small,  striated,  sub- 
quadi-ate ;  venter  wider  than  dorsiuu, 
the  latter  slightly  fiuTowed;  ends  ob- 
tuse, rather  prolonged.  EM.  pi.  39.  3. 
f.  42.   Siberia,  Africa,  and  America. 

E.  Gangetica,  EM.  pi.  35  a.  9.  f._2. 
India.  Fragments  lai-ge,  sti-iated,  with 
straight  venter,  convex  dorsum,  and 
broadly  truncate  apices,  which  ai-e 
slightly  produced  dorsally. 

E.  Australis ;  E.  ceshita ;  E.  Cygnus ; 
E.  Paradoxa;  E.  serpentina,  Austi-aha, 
Ehr. ;  E.  Phrygia  ;  E.  lepida  ;  E.  Mosis : 
E.  rostrata ;  E.  Uralcnsis  ;  E.  apicuhta ; 
E.  Siherica ;  E.  borealis ;  E.  Leptostoma ; 
E.  umhilicata,  Asia,  Ehr. ;  E.  subidis ; 
E.  curva ;  E.  carinata,  ^ifr-ica,  Ehr. ;  E. 
Araucaniee ;  E.  cduJis,  America,  Ehr. ; 
E.  Januarii,  Brazil,  Ehr. ;  E.  Guiancnsis ; 
E.Denierartc:  E.Ponuroni;  E.S<irami(r: 
E.  synedrn,  (iiiiaua,  Ehr.;  E.  Columhi, 
Columbia,  Ehr. 
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Genus  AMPHICA.MPA  (E.).— rriistiilcs  in  lateral  view  Innately  curved, 
ha™g  pervious  transverse  stria3  and  denticulated  margins.  Amphicampa  is 
closely  allied  to  Eunotia  and  Himantiflium,  but  differs  m  having  teeth  on 
both  margias. 


EM.  pi.  33.  7.  f.  2.  =  A.  Eruca,  EM. 
pi.  33.  7.  £  1.    Mexico,   (iv.  5.) 


Amphicampa  mirahilis  (E.). — Valves 
lineni-,  with  rounded  ends ;  dorsum  wth 
six  or  seven  teeth,  and  venter  with  five. 

Genus  HIMANTIDIUM  (E.).— Fnistules  united  into  filaments  or  tables ; 
lateral  \dew  arcuate  or  lunate,  transversely  striated.  If  all  the  species  m 
Himantidium  formed  ribbon-like  filaments,  there  would  be  no  difiiculty  m 
distinguishing  it  from  Eunotia ;  but  this  is  not  the  case,  and  Kiitzmg  has 
weU.  said,  "  It  must  be  noticed  that  in  many  species  of  Himantidium  the 
individuals  are  not  always  united  into  a  band,  and  therefore  the  generic 
character  is  very  variable  and  stands  on  a  weak  foundation."  Professor 
Smith  observes  that  "  there  is  no  mark  to  distinguish  the  valves  of  the  two 
genera  unless  it  be  in  the  character  of  the  striae,  which  in  Eunotia  arc 
radiate  and  in  Himantidium  parallel."  If  the  striae  Avere  indeed  always 
radiate  in  the  one  genus  and  parallel  in  the  other,  a  valuable  diagnostic 
mark  would  be  furnished;  but,  unfortunately,  the  convergent  striae  occur 
only  in  those  species  of  Eunotia  which  have  a  strongly  convex  upper  margin. 
In  the  front  view  Himantidium  resembles  the  EragHaiieae,  but  ia  that  family 
the  lateral  view  is  not  arcuate. 


*  Dorsum  simple. 

niMANTrDmM  pectinale  (Dillwyn,  K.). 
—  Frustules  imited  in  long  filaments; 
valves  linear,  ai'cuate,  with  flattened 
dorsum  suddenly  sloping  to  the  obtuse 
apices,  and  slightly  concave  venter; 
striffi  27  in  -001".  KB.  t.  16;  SBU. 
p.  12,  pi.  32.  f.  280.  =  H.  minus,  KB. 
p.  39,  t.  16.  f.  10;  S.  stridum,  Rab 
Diat.  1. 1.  f.  1  C ;  Fragilm-ia  pectinalis, 
Lyngb. ;  Fragilaria  (jrandis,  E  Inf.  in 
part ;  Eunotia  depressa,  EA.  p.  126. 
jEm-ope,  Asia,  Africa,  and  America. 
(IV.  6.) 

H.  Soleirolii  (K.). — ^Valves  lunate,  with 
evenly  convex  dorsum,  concave  venter, 
and  rounded  ends;  stiire  30  in  -001". 
KB.  p.  39,  t.  16.  f.  9 ;  SBD.  vol.  ii.  p. 
13,  pi.  33.  f.  282.  =  Himantidium  Faba, 
EM.  t.  1.  2.  f.  3 ;  Eunotia  Faba,  E.  m 

f ai-t  ?  Europe  and  Africa,  (xrv.  13.) 
t  might  have  been  preferable  to  have 
adopted  Ehrenberg's  name  for  this  spe- 
cies, since  it  is  evident  that  the  H. 
Soleirolii  of  Kiitzing  was  intended  to 
include  all  foims  with  internal  siliceous 
cells,  and  his  figures  of  the  valves  belong 
to  another  species. 

H.  purnlldum  (E.).  —  Valves  linear, 
stronfi:ly  striated,  curved,  with  simply 
rounded  ends.  EM.  pi.  14.  f.  58.  =  Eu- 
notia paruUela,  EA.  p.  126.  Europe, 
Asia,  Africa,  and  America. 
II.  monodon  (E.).  —  Frustules  large, 


few  together ;  valves  arcuate,  with  some- 
what gibbous  dorsimi,  and  obtuse,  slightly 
produced  apices ;  striae  34  in  '001".  EA. 
p.  129,  t.  4.  =  Eunotia  monodon,  EM, 
many  figiues.  SBD.  vol.  i.  pi.  2.  f.  16. 
Common.  Em-ope,  Asia,  Australia,  Afiica, 
and  America,   (xv.  16,  17.) 

Jl.  prceruptum  (E.). — Valves  sti'iated, 
elongated ;  dorsum  very  convex,  with  a 
notch-like  depression  near  the  dilated 
truncated  apices.  =  Eunotia  preerupta, 
EA.  p.  126,  &  M,  several  figures.  Asia, 
Austi'alia,  and  America.  According 
to  Ehrenberg's  figiues,  its  valves  scarcely 
differ  from  those  of  H.  monodon, 
except  by  their  more  tiimcate  apices, 
and  can  scarcely  be  placed  in  another 
genus. 

H.  Arcus(Ei.). — Valves  linear,  arcuate; 
dorsum  sinuated  towards  the  rounded 
dilated  apices.  ERBA.  1840,  p.  17,  & 
M,  many  figm'es.  =Eunotia  Arcus,  EM. 
Em-ope,  Asia,  Austi-alia,  Africa,  and 
America.  j3,  extremities  gi-adually  taper- 
ing, =  II.  attenuatum,  Rab  Diat.  p.  19, 
1. 1.  f.  10.  Germany. 

II.  gracile  (E.). — Valves  slender,  nai*- 
row-linear,  slightly  ai'cuate,  with  obtuse, 
somewhat  recurved  extremities.  EA. 
]j.  129,  t.  2 ;  SBD.  vol.  ii.  p.  14,  pi.  33. 
t.  285.  =  Eunotia  uncinata,  EA.  p.  12G, 
&  M.  |il.  15  n.  f  28.  I']urope,  Asia, 
Austr.iha,  Africa,  and  America.  Habit 
of  II.  Arr/us,  but  more  slender,  E.  Strigs 
27  in  -OOl".  S. 
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_H.  majus  (S.). — Valves  linear,  arcuate, 
with  rounded,  subcapitate  extremities ; 
sti-isB  27  in  -001".  SBD.  vol.  ii.  p.  14, 
pi.  33.  f.  286.  Britain.  Difiers  little 
from  H.  gracile,  save  in  its  gi-eater  size 
and  elevated  dorsum,  and  is  probably  a 
sporangial  form  of  it  or  some  other 
species,  S.  It  scarcely  differs  from  some 
of  Ehrenberg's  figui'es  of  H.  parallelum, 
except  in  its  more  inflated  ends. 

H.  exiguum  (Br6b.).  — Valves  slender, 
narrow-Uneai*,  arcuate,  with  obtuse  re- 
ciu'ved  extremities,  and  42  very  delicate 
striae  in  •001".  KSA.  p.  8.  Eunotia 
gracilis,  SBD.  vol.  i.  p.  16,  pi.  30.  f.  249. 
Europe. 

H.  Veneris  (K.).  —  Valves  smooth, 
plano-convex,  with  acvite  apices.  KB. 
p.  39,  t.  30.  f.  7.  Eunotia  Icevis,  EM. 
pi.  39.  3.  f.  41.  Trinidad. 

2  *  Valves  with  crmiate  or  toothed 
dorsum. 

H.  hidens  (E.). — ^Valves  with  plane  or 
slightly  concave  venter,  biundulated 
dorsum,  and  dilated,  truncate  apices. 
EA.  p.  9,  &  M,  several  figm-es.  =  Eu- 
notia hidens,  EA.  p.  125,  &  M.  pi.  2.  1. 
f.  2 ;  Eunotia  bigibha,  KSA.  p.  6  ?  Eu- 
rope, Asia,  and  America.  The  dorsiun 
has  a  notch-like  depression  near  each 
end. 

H.  Guianense  (E.). — Valves  dilated  at 
the  middle,  with  two  dorsal  undulations, 
and  tapering,  slightly  reflexed  ends. 
EA.  p.  129,  t.  2.  1.  f.  4.  Cayenne, 
(xn.  54.) 

■  H.  Papilio  (E.). — Valves  subquadi'ate, 
with  a  much  dilated  bicrenate  dorsimi, 
constricted  near  the  obtuse  apices.  EA. 
p.  129,  t.  2.  1.  f.  2.  Asia  and  America, 
(xn.  45,  49-52.) 

H.  undtdatum  (S.).  — Valves  linear, 
with  gibbous  venter,  three  or  more 
slight  dorsal  imdulations,  and  obtuse, 
somewhat  recurved  apices.  SBD.  vol. 
ii.  p.  12,  pi.  33.  f.  281.  Em-ope.  Distin- 
guished fr'om  the  other  British  species 
by  its  gibbous  venter. 

H.  denticulatum  (Bx&o.). — ^Valves  very 
narrow,  arcuate,  with  denticulated  dor- 
sum and  slightly  recurved  apices. 
KSA.  p.  10.    France.    Dorsum  mar- 


gined with  minute  teeth,  constricted 
near  the  rounded  apices. 

_H.  triodon  (Perty).  — Valves  smooth, 
with  concave  venter,  convex  triuudu- 
lated  dorsum,  and  broadly  rounded  ends. 
Perty,  Lif.  p.  198,  t.  17.  f.  5.  Switzer- 
land. Very  IDce  Eunotia  diodon ;  but 
strias  have  never  been  observed.  Frus- 
tules  mostly  clear  a.s  crystal.  Perty. 

H.  ternarium,  EM.  pi.  34.  6  a.  f.  5. 
Florida.  Valves  arcuate,  with  slightly 
concave  venter,  three  dorsal  undulations, 
and  obtuse  apices. 

H.  quaternarium  (E.). — Valves  nar- 
row, veiy  finely  striatecl ;  dorsum  a  little 
convex,  deeply  fom-toothed  ;  venter 
slightly  concave,  with  attenuated  and 
recurved  apices.  ERBA.  1852,  p.  235. 
California.  Joints  of  the  chain  4  to  7, 
three  times  as  broad  as  long,  E. 

H.  qiiinariimi  (E.). — Valves  as  in  iT. 
quaternarium,  but  with  five  dorsal  teeth. 
E.  I.  c.  p.  535.  California,  Asia,  and 
Africa.  Joiuts  of  the  chain  l4,  five  times 
as  broad  as  long.  The  fi-ustules  of  S. 
quaternarium  and  H.  quinarium  are  very 
similar  to  those  of  Eunotia  quaternaria 
and  E.  quinaria,  but  are  distinguished 
by  fonning  chains  and  by  the  attenuated 
ends  of  the  valves,  E. 

Doubtful  Species, 

H.  carinatum,  EM.  pi.  34.  6  a.  f.  6. 
Florida.  Frustules  rectangular,  smooth, 
with  a  ti'ausverse  median  band. 

BE.  ?  marinum  (S.).  — Filaments  tena- 
cious ;  valves  costate,  slightly  and  regu- 
larly arcuate,  with  acute  apices  ;  costos 
10  in  -001".  S  Annals,  Jan.  1857,  p.  10, 
pi.  2.  f.  14.  Marine.  France.  Distin- 
guished by  its  maiine  habitat  and  costate 
valves. 

Species  known  to  us  onlg  by  name ; 
2}robably  several  of  them  are  march/ 
concatenated  states  of  Eunotia  and 
Epithemia. 

H.  Austrcdice,  E.,  Austi-alia;  JI.  Ca- 
mehcs,  E.,  Asia ;  S.  Textricula,  E.,  Asia ; 
H.Zehra,'E,.,  Asia;  H.  ventrak,  E.,Asia; 
H.  amphioxys,  E.,  Asia ;  H.  umbilicatitm, 
E.,  Asia  ;  H.  ^thiopicum,  E.,  Asia ;  H, 
Falklandii,  E.,  Falkland  Islands. 


FAMILY  II.— MEEIDIEiE. 

Frustules  prismatic,  attenuated  at  the  base,  attached,  at  least  whcu  yoimg, 
to  a  gelatinous  cushion ;  in  front  view  cuneate,  in  latei-al  view  clavate  or 
obovate,  with  pervious  transverse  costie  or  strias.  Kiitzing  places  the  Mcndiea; 
between  the  Eunotieaj  and  FragilariesD ;  and  Mcnegliini  woiUd  unite  them 
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with  tho  latter,  for  ho  "  does  not  consider  tho  cuneate  form  of  the  finistules 
of  any  value  in  an  organologicul  point  of  view,"  because  of  the  occasional 
occm-rences  of  such  fi-ustulcs  in  Diatoma  and  other  genera  of  the  Fragilaneffi. 
In  tho  latter  family,  however,  the  cuneate  frustules,  when  present,  are  m 
general  interposed  between  those  of  the  normal  shape,  and  the  lateral  surfaces 
have  not  dissimilar  extremities.  Kiitzing  observes  that  "  the  fornis  ot  this 
family  have  very  great  simUarity  to  those  of  Gomphonema,  with  whicli  they 
may  be  the  more  easily  confounded  when  the  individuals  occur  singly ;  but 
they  are  essentiaUy  distinguished  from  that  genus  by  not  having  a  central 
nodule  in  the  secondaiy  sides,  and  by  their  uninterrupted  transverse  stnac. 
Moreover,  this  family  is  much  more  closely  united  to  the  genus  Odontidium, 
from  which  it  is  distinguished  solely  by  the  form  of  the  secondary  sides, 
which  are  not  symmetrical  at  both  ends."  We,  however,  consider  its  afEiuty 
with  the  Licmophorece  still  more  evident.  The  Meridiete,  LicmophoreiB,  and 
Gomphonemeffi  "  form  a  group  [the  StyUariese  of  Agardh]  distinguished  by 
the  triangular  form  of  the  frustules,  which  have  their  smaller  ends  directed 
towards  a  common  centre.  The  frustules  in  this  group  have  a  central  and 
two  lateral  portions,  as  in  Diatoma  and  Fragilaria,  in  which  genera  cuneate 
frustules  are  also  occasionally  met  with.  But  in  the  FragUariese,  when  two 
or  more  cuneate  frustules  are  united,  the  alternate  frustules  have_  their 
smaller  ends  in  opposite  directions,  and  hence  their  iilaments  are  linear; 
whilst  they  are  attached,  if  at  all,  only  by  the  basal  frustule.  In  this  group, 
on  the  contrary,  as  the  smaller  ends  are  in  the  same  direction,  they  point  to 
a  common  centre,  and  when  stipitate,  each  frustule  is  attached  to  the  stipes  " 
(Ealfs).  The  frustules  in  the  Meridiese  have  two  puncta  at  the  broader  end, 
and  sometimes  other  two,  but  more  obscure,  at  the  smaller  end  ;  they  want, 
however,  the  sutural  or  fracture-Kke  longitudinal  lines  which  are  present  in 
the  Licmophorese. 

Genus  MEEIDION  (Leibl.,  Ag.). — rrustules  cuneate,  united  in  a  spiral 
filament ;  transverse  costse  of  lateral  surfaces  pervious.  "  The  species  vary 
according  to  the  circumstances  of  development,  as  well  with  respect  to  size 
as  to  other  relations.  The  individuals  are  met  with  both  singly  among  other 
Algse  and  also  in  masses.  At  times  examples  are  found  which  are  always 
composed  of  only  few  iadividuals ;  others  again  consist  of  individuals  united 
in  greater  number ;  but  generally  the  longer  spiral  ribands  are  rare."  (Kiitz.) 
Professor  Klitziag  formed  a  new  genus  (Eumeridion)  for  the  reception  of 
M.  constnctum ;  but  his  reasons  have  been  considered  inadmissible  by  De 
Brebisson,  Meneghini,  and  Smith.  Meridion  is  remarkable  for  the  frequent 
occurrence  within  its  frustules  of  an  obovate  silicious  cell,  which  is  usually, 
but  not  invariably,  divided  into  two  symmetrical  portions  by  a  longitudinal 
suture ;  the  lateral  margins  of  the  inner  cell,  as  well  as  the  sutural  line,  are 
crenulate  like  those  of  the  original  frustule.  The  different  aspect  presented 
by  specimens  in  this  condition  has  induced  some  observers  to  describe  them 
as  a  distinct  species.  Whilst  we  agree  with  Professor  Smith  that  the  modi- 
fication is  insufficient  to  warrant  such  a  separation,  we  cannot  coincide  with 
him  in  regarding  it  even  as  a  variety,  since  frustules  with  these  internal  cells 
arc  indiscriminately  mixed  with  ordinary  frustules  in  the  same  filament.  So 
common,  indeed,  is  this  occurrence,  prior  to  the  termination  of  individual  life, 
that  we  have  long  been  convinced  that  it  is  the  normal  mode  of  termination 
in  this  genus. 

=  71/.  vernale,  E. ;  M.  Zincheni  (vniih  in- 
ternal cells),  Ki3. ;  B.  curvatum,  K. 
Frustides  slightly  arcuate.  Common, 


MEuroiON  circulare  (Grev.,  Ag.).  

Fiiistules  in  lateral  view  clavate  or 
obovate.  SBD.  vol.  ii.  p.  0,  pi.  3.3.  f,  277. 
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fonniug  a  mucous  browii  stratum  on 
leaves,  stones,  «&c.,  in  shallow  waters. 
/3,  France,  (ix.  177,  178;  xm.  21,  M. 
Zinckem.)  In  both  the  primary  and  in- 
teiTial  cells  the  lateral  margins  have  a 
beaded  appearance,  produced  by  the 
ends  of  the  lateral  cost£e. 

M.  constrictum  (Ralfs). — Lateral  valves 
constricted  beneath  the  apex,  otherwise 
as  in  M.  ctrculare,  SBD.  vol.  ii.  pi.  32. 
f.  278.  =  Eumericlion  constrictum,  KSA. 
p.  11.  Common.  Europe.  Internal  cells 
as  in  M.  ctrculare.  We  have  received 
very  perfect  specimens  from  Mr.  Okeden, 
gathered  in  Wales. 

Doiibtful  Species. 
M.  ?  pandiiriforme   (E.).  —  Lateral 
valves  constricted  near  the  ends,  the 


capitate  extremity  acuminated.  E  lufus. 
pi.  IG.  f.  3.  1-430".  Form  that  of  6om- 
plwnuma  ucuminutum, 

M.  ?  ovutum  (Ag.).  — Frustules  ovate, 
combined  into  a  cellulose  lamina,  KSA. 
p.  10.  Sweden. 

M.  P  coccocampyla,  EM.  pi.  14.  f.  79. 
Berlin.  Perhaps  a  bad  figure  of  one  of 
the  preceding  species  with  internal 
cells. 

M.  marinum  (Greg.).  —  Front  view 
sublinear,  -with  coarse  marginal  puncta ; 
valves  clavate,  with  10  coarse  marginal 
striae  in  -OOl",  and  a  blank  longitudinal 
median  line.  Greg  D  Clyde,  p.  S5,  pi.  2. 
f.  41.  Marine.  Scotland.  Frustules 
two  to  four  together.  Cei-tainly  not  a 
ti'ue  species  of  this  genus,  as  its  costie 
are  not  pervious. 


Genus  ONCOSPHENIA  (E.). — Frastules  quadi-angular,  euneate,  not  con- 
catenate ;  valves  without  an  umbilicus,  and  also  destitute  of  lateral  apertui'es  ; 
and  internal  septa  equal,  but  their  apices  unequal  on  account  of  their  euneate 
and  uncinate  form.  Oncospheniae  approach  nearest  to  Podospheniae  by  the 
absence  of  pedicels  in  tlie  latter,  but  are  peculiar  in  their  uncinate  fonn. 
We  are  unacquainted  with  this  genus,  and  ignorant  of  the  reasons  which 
induced  Professor  Kiitzing  to  place  it  among  the  Meridieae. 

Oncosphenia  Carpathica  (E.). — La-  nules  11.    Probably  a  distorted  state 

teral  valves  cimeate,  laxly  striated ;  one  of  some  other  species  similar  to  the 

end  tm'gid,  roimded,  straight,  the  other  variety  of  Diatoma  elongatum  figured  by 

attenuated  and  micinate.    KSA.  p.  11.  Professor  Smith  in  BD.  pi.  60.  f.  311. 
Carpathian  Mountains.    1-792" :  pin- 

FAMILY  III.— LTCMOPHOEE^. 

Frustules  euneate,  longitudinally  bivittate,  attached  or  stipitate,  solitary 
or  united  in  a  fan-like  manner ;  lateral  siufaces  striated  or  smooth,  but  not 
costate.  The  frustules  in  the  front  view  are  euneate,  and  have,  like  the 
generality  of  the  Diatomaceae,  two  puncta  at  each  end,  the  upper  ones,  how- 
ever, being  most  conspicuous.  Most  fi-equently  two  longitudinal  sutiu-e-like 
lines,  corresponding  to  the  puncta,  are  more  strongly  marked  in  the  Licmo- 
phoreae  than  in  most  other  families ;  these  Kiitzing  calls  "  vittae,"  and  has 
formed  a  tribe  which  from  them  he  calls  "  Diatomeae  vittatos."  The  vittae, 
however,  are  not  peculiar  to  this  tribe  ;  for,  as  Meneghini  justly  remarks, 
"  they  are  merely  the  same  longitudinal  liaes  which  run  along  the  primary 
surfaces  of  almost  all  the  Diatomaceae"  (MeD.  p.  4G2).  Professor  Smith 
describes  them  as  "  modifications  in  the  outline  of  the  valve,  which  in  Podo- 
sphenia  is  .slightly  inflected  at  its  larger  extremity,  causing,  on  a  front  view, 
the  appearance  of  notches  at  the  spot  where  the  valves  unite  with  the  con- 
necting membrane  (central  portion)  and  the  foramina  exist.  The  appai-ent 
prolongation  of  this  notch  to  the  lower  extremity  of  the  fi-ustule  is  nothing 
more  than  the  valvular  suture  which  is  seen  in  aU  the  Diatomaceae  "  (S13D. 

vol.  i.  p.  82).  ,  ,         .  ■^ 

The  euneate  shape  of  the  frustules  in  the  front  view,  and  the  dissimilar 
ends  of  the  lateral  surfaces,  distinguish  the  Licmophorcai  from  Syiicdra,  the 
species  of  which  often  resemble  them  in  habit. 
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Genus  PODOSPHENIA  (E.).-Frustules  affixed,  in  front  view  cuncate 
in  TaS  view  clavate,  stipe's  nL  or  obsolete.   Podosphema  J-^le^-d  w^h 
StvUai-ia  Its  sessile  frustiilcs  distinguish  it  from  the  rest  ot  the 

SopLi;k  ind  the  absenee  of  transverse  cost,  from  t^^^^^-^^^^ 
genus  represents  in  the  Licmophoreoe  the  genus  SpheneUa  of  the  ^^omplio- 
«  •  for,  Uke  that,  it  is  distinguished  from  other  genera  ot  the  same  family 
bXmore  or  less  complete  absence  of  the  stipes.  The  obovate-lanceolate 
fiL-e  of  the  secondary  surfaces  is  precisely  that  of  the  SpheneUae  and  of  the 
GomphonemeiE  in  general.  The  cuneate  form  of  the  pnmary  surfaces  is,  in 
Podosphema,  always  more  dilated  at  the  summit  and  acute  at  the  base,  so 
that  they  resemble  a  triangle  more  than  a  trapezium.     (M  I.  c.  p.  ^bA.) 

nia  abbreviata,  E. ;  P.  Linghjei,  SBD. 
Eiu-ope.  (xm.  13  6.)  1-240".  Stiise  46 


PoDOSPHENiA(7)-flCi7(s(E.).— Frustules 
narrow  cuneate, '  elongated,  with  some- 
what acute  base;  lateral  view  clavate, 
smooth  or  with  very  obscure  striaj.  KB. 
t.  9.  f.  10. 1.  Europe,  (x.  186.)  i3.  minor 
1-250"  to  1-110". 

P.  tenuis  (K.).— Linear  cuneate,  elon- 
gated, very  slender,  with  acute  base; 
lateral  view  narrow-  clavate.  KB.  t.  30. 
f.  51.  Norway. 

P.  nana  (E.). — Small,  smooth,  narrow 
linear  cuneate;  lateral ^aew  clavate  with- 
out lines.  EM.  pi.  11.  f.  18,  19.  Fossil. 
BUin,  Bohemia.    1-2300"  to  1-1720". 

P.  debilis  (K.).  —  Smooth,  narrowly 
cuneate,  rather  acute  at  the  base,  sub- 
flabeUate.  KB.  t.  8.  f.  7.  Em-ope. 
1-1380". 

P.  tei-gestina  (K.).  —  Cimeate  trian- 
gular, geminate  or  temate,  conjoined  in 
a  ilabeUate  manner,  base  rather  acute. 
KB.  t.  8.  f.  13.   Trieste.  1-1440". 

P.  hijalina  (K.). — Very  hyaline,  cu- 
neate, with  approximate  vittfe  and  sub- 
acute base;  lateral  view  obovate  pyri- 
form.  KB.  1. 10.  f.  2.  /3.  racemosa,  K., 
obsoletely  stipitate,  1. 10.  f.  3.  Europe. 
1-570"  to  1-480". 

P.  cuneata  (Lyngb.,  Ag.).  —  Broadly 
cuneate  with  rather  acute  base;  lateral 
view  clavate  or  obovate,  with  obscm-e 
strise.  =  Styllaria  cuneata,  Ag. ;  Podosphe- 

Genus  EHIPIDOPHOEA  (K.). — Frustules  stipitate,  in  front  view  cuneate, 
in  lateral  view  obovato-lanceolate  ("with  a  median  longitudiual  line,"  S.). 
"  "We  encounter  the  same  difficulty  in  distinguishing  Rhipidophora  from 
Podosphenia  that  is  experienced  when  practically  applying  the  generic 
distinction  established  between  Sphenella  and  Gomphonema  and  in  aU  other 
similar  cases  (CymbeUa  and  Cocconema,  &c.) ;  these  differ  only  in  the  stipes, 
which  is  very  variable  in  length  and  not  always  entirely  wanting  in  the  first 
of  these  two  genera. 

"  The  large  size  of  some  among  the  species  enumerated  by  Kiitzing  permits 
us  to  observe  clearly  the  conformation  of  the  shield.  Let  us  suppose  a 
cylindrical  articulation  of  Melosira,  and  so  compress  it  imequaUy  on  one  of 
its  sides,  and  in  the  direction  of  both  pairs  of  opposite  surfaces,  that  the 
resulting  form  shall  be  cuneate,  and  the  two  incomplete  diaphragms  formed 
by  the  internal  prominence  of  the  longitudinal  canals  shall  extend  like  those 

3  D 


in  -001",  S.  Broader  and  shorter  than 
P.  qracilis. 

P.  Jurgensii  (Ag.,  K.).— Broadly  cu- 
neate with  truncate  base ;_  lateral  view 
clavate,  with  obscm-e  strise.  SBD.  i. 
p.  83,  pi.  25.  f.  228.  Eiu-ope.  1-432". 
Strife  48  in  -001",  S. 

P.  ovata  (S.).— Cuneate  with  rounded 
angles ;  lateral  view  obovate,  tapeiiag 
into  an  acute  base;  strise  moniliform. 
SBD.  i.  p.  83,  pi.  24.  f.  226.  Shoreham 
harbour.  Striaj  24  in  -001".  -0033"  to 
•0042",  S. 

P.  JEhrenbergii  (K.).  — Large,  broadly 
cuneate;  lateral  view  tapering  at  both 
ends  and  with  distinct  monilifoim  ti-ans- 
verse  strise.  SBD.  pi.  24.  f.  225.  Eu- 
rope. (IV.  7;  xin.  14.)  1-140".  Strise 
27  in  -001",  S. 

Doubtftd  Species. 
T.  Puptda,EM.  Several  figm-es.  Ehr- 
enberg's  figiu-es  have  a  clavate  lateral 
valve  with  pei-vious  transverse  costse  and 
with  or  without  a  constriction.  AU  pro- 
bably belong  to  Meridion  circiilare  and 
M.  constrictum.  He  gives  about  twenty 
stations  for  this  species  in  different  parts 
of  the  globe, — none  marine. 
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and  lose  them  solves  towards  the  pointed  extremity  which  forms  the  base ; 
sxich  is  the  structure  of  Podosphenia  and  Ehipidophora.  Viewed  on  one 
side,  that  is,  on  the  lateral  surfaces,  they  present  an  obovate  arch,  marked 
on  the  peri^ery  of  the  surfaces  themselves.  The  margin  of  this  arch  is 
thickened  by  the  presence  of  the  canal,  which,  seen  in  front,  presents  in  the 
curve  its  brightness  with  an  appearance  of  perforation."  (Mcneg  I.e.  p.  463.) 
Professor  Smith  says  that  "  a  close  examination  of  the  fi'ustiiles  shows  us 
that  the  distinct  and  even  moniliform  striae  so  conspicuous  in  Podosphenia 
are  almost  whoUy  wanting  in  our  native  species  of  Rhipidophora."  The 
strioe  in  the  former  genus,  however,  are  not  always  detected  with  facility, 
since  Meneghini  remarks  that  "  of  the  nine  species  described  and  figured  by 
Kiitzing,  only  one  (P.  Elirenbergii)  presents  transverse  striaj  on  the  secondary 
surfaces."  Careful  observation  of  the  species  of  Rhipidophora  in  a  gi-o-ndng 
state  wiU  probably  prove  that  several  of  them  have  been  constituted  upon 
insufficient  grounds.  It  is  to  be  feared,  indeed,  that  characters  taken  from 
the  comparative  length  and  stoutness  of  the  stipes,  its  simple  and  branched 
condition,  and  even  the  shorter  or  longer  form  of  the  wedge-shaped  frustulcs 
in  the  front  view,  are  more  or  less  fallacious.  "We  beheve  that  at  least  some 
of  the  species  are  at  first  furnished  with  a  short,  thick,  simple  stipes,  bearing 
the  associated  fnistules  at  its  apex,  and  that  by  the  process  of  growth  the 
frustules  become  longer  in  proportion  to  their  breadth,  and  lose  their  flabel- 
late  arrangement  by  the  subsequent  elongation  and  dichotomous  division  of 
the  stipes. 


RHiprDOPHonA  crystallina  (K.).  — 
Shortly  stalked,  flabeUate ;  frustules 
shortly  cimeate,  rather  broad,  obtuse  at 
the  base.  KB.  t.  9.  f.  10.  5.  German 
Sea.    1-1200"  to  1-1300" 

R.  (Edipus(K.). — Very  shortly  stalked, 
subflabellate ;  frustules  oblong  cuneate, 
truncate  at  the  base;  stipes  hemisphe- 
rical. KB.  t.  18.  f.  5.  5,  7.  Eui-ope. 
1-600"  to  1-480". 

R.  Anglica  (K.).  —  Shortly  stalked, 
flabeUate ;  frustules  tm'gid,  cimeate  with 
truncate  base  and  obtuse  terminal  angles ; 
stipes  rather  long,  simple,  thick.  KB. 
t.  27.  f.  5.  2, 4.    Europe.  1-600". 

R.  Australis  (K.).  —  FlabeUate;  frus- 
tules naiTOwly  cuneate  with  trLmcate 
base ;  stipes  simple,  thick.  KB.  t.  9. 
f.  5.    Trieste.  1-540". 

R.  horealis  (K.).  —  FlabeUate  ;  _  fi-us- 
tules  large,  oblong  cimeate  with  slightly 
obtuse  base ;  stipes  simple,  rather  stout. 
KB.  t.  9.  f.  6.    HeUgoland.  1-310". 

R.  Nubecula  (K.). — Frustules  hyaline, 
broadly  cuneate,  somewhat  acute  at  the 
base,  scattered,  subsolitaiy  or  fasciculate, 
lateral  and  terminal ;  stipes  filiform, 
elongated,  subramose.  KB.  t.  8.  f.  10. 
Europe,   (xin.  17.)    1-720"  to  1-600". 

R.  tmella  (K.).  —  Mmute  ;  frustules 
smaU,  broadly  cuneate,  conjoined  in  an 
imperfectly  ^labeUate  manner,  acute  at 
the  base ;  stipes  slender,  veiy  finely 
branched.  KB.  t.  11.  f.  3.  Europe, 
(xm.  15.)    1-1080"  to  1-900". 


'R.  Dalmatica  (K.). — FlabeUate  in  a 
radiating  manner;  frustules  oblong  cu- 
neate ;  stipes  short,  rather  stout,  at  leng-th 
subramose,  tubular.  KB.  t.  9.  f.  7. 
Eiu'ope.  1-540".  Lateral  view  narrow- 
clavate  with  very  obscm-e  sti-iae. 

R.  abbreviata  (Ag.,  K.).  —  Subflabel- 
late ;  fi'ustules  broadly  cimeate  with  acute 
base ;  stipes  rather  thick,  at  length 
branched.  KB.  t.  9.  f.  14  =  Licmophora 
abbreviata,  Ag.  Em-ope.  1-540".  "  Re- 
sembles R.  paradoxa,  but  is  distinguished 
by  its  gTeen  coloiu-  when  dried."  (Ag.) 

R.  paradoxa  (Lyngb.,  K.). — Frustules 
short ;  broadly  cuneate,  somewhat  acute 
at  the  base ;  stipes  slender,  filifonn,  di- 
chotomous ;  lateral  view  clavate.  SBD. 
i.  p.  84,  pi.  25.  f.  231  =  Gom2)lionema 
paradoxum,  Ag.  1-540"  to  1-480".  Co- 
loming  matter  duU  olive.  The  frustule, 
especially  in  diied  specimens,  often  has 
its  angles  so  much  roimded  as  to  become 
obovate,  —  a  character,  however,  not 
peculiar  to  this  species,  (rv.  8.) 

R.  tincta  (Ag.). — ^Frustules  elongated, 
narrow  cuneate,  with  somewhat  acute 
base ;  stipes  elongated,  subdichotomous, 
slender.  =  Go7n.  tinctum,  A  Consp  D. 
p.  35  ;  E.  elongata,  KB.  t.  10.  f.  6. 
1-310".  Coloui-ing  matter  dull  olive. 
According  to  Agardh,  it  diil'ers  from  R. 
paradoxa  m  its  greener  colour  and  longer 
and  more  slender  frustules.  He  also 
states  that  it  resembles  smaller  states 
oi  Lianophora  JkibeUata,  but  is  shorter 
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and  more  lax,  and  without  radiant  friis- 
tules. 

R.  occanica  (K.).  —  Frustules  oblong 
cuneate,  dense ;  stipes  elongated,  slender, 
snbdichotomous.  KB.  1. 10.  f.  4  At- 
lantic, ^flabellate.  1-390".  Internal 
matter  fulvous. 

R.  siqierba  (K.).— Frustules  genunate 
or  solitary,  oblong  cuneate,  slightly  acute 
at  their  base ;  stipes  long,  filiform,  di- 
chotomous,  secondary  branches  lateral, 
short.  KB.  1. 10.  f.  7.  Europe.  1-310". 
Elegant,  slender,  large ;  internal  matter 
golden-yellow,  globose,  broadly  distri- 
buted. 

R.  grandis  (K.).  —  Frustules  broadly 
cuneate,  large;  stipes  very  long,  fili- 
form, dichotomoiis.  KB.  1. 11.  f.  1.  /3. 
arachnoidea  (K.).— Frustules  caducous, 


mostly  lateral.  Venice.  Large,  its  in- 
tei-nal  matter  granular,  globose,  olive. 
1-120". 

R.  Mmci/hiniana  (K.).— Large;  frus- 
tules geminate,  oblong  cimeate,  with 
rather  broad  apices ;  stipes  much  olon- 
ffated,  filiform,  dichotomous.  IvB.  t.  11. 
!.  2.  Venice,  (xni.  19.)  1-288",  In- 
ternal matter  scattered,  globose,  olive- 
brovm. 

R.  Craticula  (Mont.).— Shortly  stalked, 
subflabellate,  dilated  at  the  base,  cra- 
ticulifomi ;  fi-ustules  two  to  six,  lanceo- 
late or  oblong-lanceolate,  with  trvmcate 
apex,  and  obtuse,  scarcely  attenuated 
base.  Montague,  A  d  Sci  Nat.  1850, 
p.  308.  Cayenne.  1-650"  to  1-450". 
Stipes  slender. 


Genus  LICMOPHOEA  (A.).  —  Frustules  flabelliform,  stipitate,  in  front 
view  nan-ow-cuneate,  lateraUy  clavate ;  stipes  thick,  irregularly  branched. 
Licmophora  is  nearly  identical  with  EchineUa  of  Ehi-enberg.  "  The  finis- 
tules  of  the  present  genus  differ  in  no  essential  respect  from  those  of  Rhipi- 
dophora.  They  are,  it  is  true,  longer  and  narrower,  and  probably  less  finnly 
silicious ;  but  none  of  these  circumstances  seem  to  be  of  generic  importance. 
The  separation  of  the  genera  must  therefore  rest  upon  the  fan-hke  arrange- 
ment of  the  frustules  upon  the  summit  of  an  incrassate  and  irregularly 
dichotomous  pedicel  which  occurs  in  Licmophora."  (S  I.  c.  vol.  i.  p.  85.) 

Meneghini,  however,  says  that  "  the  resemblance  of  this  to  the  preceding 
genus  is  only  apparent.    But  a  trae  afSnity  connects  Licmophora  to  Synedra, 

from  which  it  differs  only  in  its  cuneate  frustules  The  vittse  in 

Licmophora  are  not  to  be  compared  with  those  in  Ehipidophora.  They  are 
nothing  more  than  the  usual  longitudinal  canals  projecting  into  the  cavity, 
by  which  the  apparent  perforations  or  sections  of  their  cavities  appear  very 
near  the  margin  of  the  summit.  The  distribution  of  the  internal  coloiu'ed 
substance  is  different  from  that  in  the  two  preceding  genera,  and  greatly 
resembles  that  of  Synedi-a."  (M  I.  c.  p.  464.) 


LiCMOPHOBA  splendida  (Grev.).  — 
"Frustules  nearly  linear,  frequently  at- 
tenuate and  rounded  at  the  upper  extre- 
mity; in  lateral  view  attenuate  towards 
the  upper  end."  SB.  i.  p.  85,  pi.  32. 
f.2SS.  =  L.JlabeUata,  K. ;  JEcIiinella  splen- 
dida, E.  Em'ope.  Differs  from  the  next 
species  by  its  longer  and  naiTower  frus- 
tules, many  of  which  are  scattered  and 
lateral. 

h.  Jlabellata  (Grev.,  Ag.). — Frustides 
cuneate,  truncate ;  in  lateral  view  very 
narrow  clavate.  S.  pi.  .32.  f.  233.  =L.  ra- 
dians, K. ;  L.  argentescens,  Ag. ;  EchineUa 
flahcllata,  E.  Common.  (rv.  9. :  x. 
"191-193.) 

"  I  have  given,  in  accordance  with  the 
authority  of  my  predecessors,  two  species 
of  this  genus ;  but  I  am  far  from  satisfied 
that  they  are  truly  distinct,  and  I  am 


disposed  to  believe  that  a  wider  com- 
parison of  specimens  will  necessitate 
their  union."  (SB.  i.  p.  85.)  Being  imable 
to  detemiine  the  synonjTus  of  Agardh, 
Ehrenberg,andKiitzing,we  have  thought 
it  better  to  follow  Professor  Smith  than 
to  risk  increasing  the  confusion  which 
exists.  The  Licmophora  argentescens, 
Ag.,  is  remarkable  for  its  silvery  lustre 
when  dried ;  but  we  cannot  detect  any 
valid  diagnostic  difference.  Both  species 
are  remarkable  for  the  lai-ge  and  oeau- 
tiful  fan-like  clusters  of  fi-ustules  termi- 
nating their  branches;  other  frustules 
are  lateral  and  scattered. 

L.  Meneghiniana  (K.).  —  Fi'ustides 
slender,  very  long,  linear  cuneate,  ter- 
minal ones  radiant,  lateral  ones  scat- 
tered ;  stipes  elongated,  subdivided. 
KSA.  p.  113.  Adriatic  Sea.  Length 
3  D  2 
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ol'  fvnstule  1-84"  to  1-72".  The  charac- 
ters given  are  insufficient  to  distinguish 
this  species  fi-om  Z.  splvndidu. 

L.  divisa  (K.).  —  Frustules  elongate 
cuneate,  subsolitaiy  or  geminate  (not 


flabellato),  acute  at  the  ha.se;  stipes 
short,  weak,  subdivided.  KSA.  p.  114. 
Adriatic  Sea.  (xiii.  10.)  Length  of 
frustule  1-240"  to  1-180". 


Genus  CLIMACOSPHENIA  (Ehr.).  —  Frustules  in  front  view  cuneato, 
with  moniliform  longitudinal  vitta3,  laterally  obovate-lanceolate,  divided  into 
chambers  by  transverse  septa.  Marine.  This  genera  resembles  Podosphenia, 
except  in  having  the  peculiar  transverse  septa.  "  The  two  (first)  species 
contained  in  this  genus  have  nothing  in  common  except  the  monilifoi-m  vittse. 
But  in  what  these  really  consist  we  cannot  ascertain  from  the  figures.  In 
the  fii-st  Kiitzing  does  not  delineate  the  lateral  surfaces,  and  from  the  figui'e 
any  one  would  say  that  he  had  drawn  a  Synedra.  The  second,  again, 
resembles  a  Podosphenia."  (Meneg  I.  c.  p.  465.)^ 


Climacosphenia  Australis  (K.).  — 
Very  shortly  stalked,  with  smooth  mar- 
gins. KB.  1. 10.  f.8.  On  AlgsB.  New 
Holland  and  Southern  Afiica. 

C.  vioniligera  (E.). — Pi-ustules  ti-ans- 
versely  striated  on  the  margin;  septa 
10  to  11  in  number.  KB.  t.  29.  f.  80. 
Cuba,  Mexico,  (xi.  45,  46.) 

C.  elongata  (B.). — Lateral  view  elon- 
gated clavate,  the  intercostal  spaces  with 
obsolete  transverse  strife ;  stipes  long, 
branched.  BC.  1853,  p.  8,  pi.  1.  f.  10, 
11.    Florida.     Professor  Bailey  relies 


on  the  "  elongated-clavate  foinn  of  the 
frustules  and  their  excessive^  minute 
sti'iations,  to  distinguish  this  species 
from  those  previously  described  by  Ehr- 
enberg  and  Kiitzing.  The  strise  can  be 
made  out  without  much  difficulty  near 
the  edges  ;  but  to  trace  them  completely 
across  the  middle  regions  of  the  valve 
requires  excellent  lenses  and  careful 
management  of  the  light."  (BaUey.) 
Frustules  in  fan-shaped  gi'oups,  naiTow, 
linear-cuneate,  with  conspicuous  moni- 
liform longitudinal  vittse. 


Genus  PODOCTSTIS  (K.  &Bail.)=EUPIIYLLODIUM  (Sh.).— Frustules 
stipitate,  cuneate  in  front  view  with  obscure  vittae ;  valves  with  transverse 
costje,  moniliform  striae,  and  longitudinal  median  line.  Podocystis  differs 
from  Suru-eUa  not  only  in  its  stipitate  frustules,  but  in  its  moniliform  striiB 
and  absence  of  alee;  and  from  Ehaphoneis  by  its  cuneate  frustirles.  We 
have  placed  it  with  the  Licmophorese  because  of  its  resemblance  to  Podo- 
sphenia, notwithstanding  its  obscure  vittse  and  strong  transverse  costse. 
Marine. 

Podocystis  Adriatica  (K.).— Valves   Eiqohyllodiimi  spathulatmn,  Shadb.  MT. 
ovate,  with  11  or  12  sti-ife  in  1-1200",   ii.  p.  11,  pi.  4.  f.  4;  Doryphom?  elegmis, 
stipes  veiy  short.  =  Surirella  (Podocystis)    Roper,  MJ.  ii.  p.  284.  f.  3.  Eiuope,  Afa-ica, 
Adriatica,  KB.  p.  62,  t.  7.  f.  8 ;  P.  Ame-   and  America,    (iv.  10.) 
ricana,  BMO.  pi.  11.  f.  38 ;  SD.  ii.  p.  101 ; 


Genus  SCEPTEONEIS  (E.).— Frustules  simple,  affixed,  cuneate,  com- 
pressed, styliform;  in  the  lateral  view  with  monilifoiTn  transverse  stnae, 
internipted  by  a  median  longitudinal  suture.  Marine.  Sceptroncis  has  the 
habit  of  a  noneoncatenate  Meridion  and  of  a  Gomphonema  without  the 
central  nodule  of  the  lateral  valves. 


Scepthoneis  Caduceus  (E.). — Frus- 
tules bacillar,  long,  slender,  inflated  at 
centre  and  upper  end,  and  tapering  below. 
BAJ.  xlviii.  pi.  4.  f.  11.  Fossil,  Ame- 
rica ;  recent,  Scotland.  The  lateral  view, 
the  only  one  we  have  seen,  is  narrow, 
somewhat  clavate,  constricted  beneath 


the  head,  which  is  rounded  at  its  apex. 
Transverse  striaj  with  pear-like  gra- 
nides.  Length  1-92",  exceeding  the 
width  about  IS  times.  Professor  Gre- 
gory gathered  a  fragment  of  this  species 
in  Scotland,   (iv.  11.) 
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FAMILY  IV.— FEAGILABIEiE. 
Frustiiles  straight,  free,  or  affixed  by  one  angle  of  the  busal  frustidcs  in 
front  view  linear,  in  lateral  view  compressed,  and  striated  or  smooth,  with  a 
central  nodule ;  stria)  or  costa;  pervious.  "  The  members  of  this  famJy  are 
aUied  in  the  genus  Denticula  to  Surii'cUa  and  Navicida  ;  m  the  genera  Odon- 
tichum  and  Fragilai-ia  to  Himantidium,  Diadesmis,  and  the  Mericheaj,  and  m 
Diatoma  to  Grammatophora  and  TabeUaria."  (Kiitzing.)  "  The  character  by 
which  these  genera  are  collected  together  into  one  famHy  is  the  contormity  ot 
the  two  primaiy  surfaces ;  nor  do  I  know  how  the  genus  Meridion  is  excluded 
even  by  the  minutest  characters."  Kiitzing,  indeed,  "  cites  the  affinities  with 
Himantidium  among  Eunotieae,  with  Diadesmis  among  the  Naviculte,  and 
with  the  various  genera  of  StriateUea3.  The  relation  appears  to  us  rather 
one  of  analogy  than  of  affinity,  being  the  polyparifonn  association  of  many 
individuals."  (Meneghini.)  Under  Meridiete  we  state  the  reasons  which 
induce  us  to  dissent  fi-om  Meneghini's  opinion  respecting  the  position  of 
Meridion.  The  strise  and  costa3  are  usually  continuous  across  the  valve ;  and, 
indeed,  Kiitzing  makes  their  perviousness  a  distinctive  character,  separating 
the  FragUarieJE  from  the  Suiirellete,  We  regard  Meridion  as  far  more  nearly 
aUied  to  some  genera  belonging  to  the  latter  family  than  to  the  genera 
mentioned  by  Meneghini. 

Genus  DENTICrLA  (K.).  — Free,  solitary,  or  binately  conjoined,  rarely 
more ;  valves  with  pervious  costee,  which  appear  in  front  view  like  marginal 
puncta.  Fresh  water.  Denticula  differs  fi'om  Odontidiiun  in  not  forming  a 
filament,  and  also,  according  to  Professor  Smith,  in  having  conspicuous  stiias, 
which  are  wanting  or  obscui'e  ra  Odontidium,  and  from  Fragilaiia  by  its 
strongly  marked  costse,  which  Kiitzing  regards  as  always  pervious. 

elliptic,  with  12  to  13  fine  stiijB  in 
1-1200".  Nag.  in  KSA.  p.  889.  = 
D.  inflata,  SBD.  u.  p.  20,  pi.  34.  f.  294. 
Europe 


Dentioxila  tenuis  (K.). — Front  view 
linear  with  pimctated  margin ;  valves 
naiTow  lanceolate,  with  10  or  11  trans- 
verse costs;  in  1-1200".  KB.  p.  43, 1. 17. 
f.8.    Europe.  1-1080". 

D.  friciida  (K.).  —  Front  view  linear, 
with  finely  stiiated  mai'gins ;  valves  li- 
near lanceolate,  with  11  or  12  costte  in 
1-1200".  I^B.  p.  43, 1. 17.  f.  7.  Europe. 
Smaller  than  D.  tenuis.  1-1200". 

D.  thermalis  (K.). — Front  view  oblong 
or  trapezoid,  with  beautifully  pimctated 
margins ;  valves  lanceolate,  with  7  or  8 
costaj  in  1-1200".  KB.  p.  43, 1. 17.  f.  6. 
Italy.  1-660". 

D.  elegans  (K.).  —  Front  view  linear 
oblong,  with  obtuse  angles  and  gland- 
like marginal  piincta ;  valves  lanceolate, 
with  6  costae  in  1-1200".  KB.  p.  43, 
1. 17.  f.  5.  Gei-many.  (ni.  4.)  1-660". 

D.  obtusa  (K.).  —  Front  view  linear, 
with  stiiated  margins ;  valves  lanceolate, 
with  obtuse  ends,  and  11  cost.'B  in 
1-1200".  KB.  p.  43,  1. 17.  f.  14;  SBD. 
i.  p.  19,  pi.  .34.  f.  292.   Eiu-opo.  1-336". 

1).  crassidd  (Niigeli").  —  Front  view 
oblong,  with  punctated  margins ;  valves 


D.'acuta  (Rah.).  — Front  view  mostly 
cuneate  ;  valves  slender  lanceolate,  with 
6  or  7  costaj  in  1-1200".  Rab  Diat. 
p.  33, 1. 1.  f.  8.  Persia. 

D.  lauta  (Bail.).  —  Front  view  linear, 
with  gland-like  marginal  pimcta ;  valves 
linear  lanceolate,  with  obtuse  ends  and 
distant  costse,  which  terminate  in  mar- 
ginal bead-like  dots.  BMO.  p.  9,  f.  1.  2. 
Fossil.    Suisun  Bay,  California. 

D.  ocellata  (S.).  —  Front  view  Hnear, 
trimcate,  with  conspicuous  foramina- 
like  marginal  pimcta ;  valves  linear 
elliptic,  with  10  costte  in  -001".  SBD. 
ii.  p.  20.  St.  Abb's  Head.  The  frus- 
tiiles in  the  front  view  closely  resemble 
small  specimens  of  Epithemia  An/tis. 
The  exti-emities  of  the  costoe  or  cauali- 
cidi  appear  as  circular  foramina  on  the 
f.  v.,  and  the  costa)  on  the  side  view 
also  give  an  ocellatod  appearance  to 
the  valve,  S. 


Ocmis  PLAGIOGRAMMA  (Grcv.)  (Heteromimiala,  E.).  —  Frustulcs  qua- 
drangular, united  into  a  short  fascia;  valves  with  two  or  more  strong,  pervious 
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transverse  costse,  and  moniliform,  generally  internipted  striae.  Marine. 
Plagiogramma  is  a  well-marked  genus,  identical,  we  believe,  with  Heterom- 
phala  of  Ehrenbcrg.  We  have  adopted  the  present  name,  notAvithstanding 
the  prior  claim  of  Ehrenberg's,  because  it  is  not  only  better  defined,  but  the 
latter  was  founded  upon  imperfect  knowledge,  when  the  lateral  view,  which 
is  so  important,  had  not  been  observed.  In  the  front  view  the  terminal 
puncta  are  very  conspicuous  and  notch-like,  so  that  the  ends  appear  slightly 
three-lobed,  and  the  termination  of  the  costa)  and  striae  are  conspicuous  along 
the  lateral  margins.  The  valves  are  always  furnished  with  two  central 
transverse  costte,  and  frequently  with  others.  In  addition  to  the  costac  there 
are  monHiform  striae, — the  former  pervious,  the  latter,  except  in  one  species, 
interrupted  by  a  median  line.  We  give  Dr.  GreviUe's  arrangement  of  the 
species,  but  must  express  a  doubt  whether  the  number  of  costse  is  not  variable 
in  the  same  species. 


*  Valves  with  two  centrical  costce. 

PLAGiOGnAMMA  Grec/orianum  (Grev.). 
— Front  view  with  slightly  convex  mar- 
gins ;  valves  lanceolate  oblong,  obtiLse ; 
costse  two;  striae  pei-vious,  18  in  -001". 
Grev.  MJ.  vii.  p.  208,  pi.  10.  f.  1,  2.  = 
Dmticula  stauropliora,  Greg  Diat.  of 
Clyde,  p.  24,  pi.  2.  f.  37.    Scotland.  _ 

P.  Jamaicense  (Grev.).  —  Front  view 
with  straight  margins;  striae  continued 
almost  to  the  angles,  16  in  -001" ;  costae 
two.  Grev  I.  c.  p.  208,  pi.  10.  £  3.  Ja- 
maica. The  striae  can  scarcely  be  teimed 
strictly  moniliform,  but  rather  monili- 
form costae.  Grev. 

P.  ?  tessellatum  (Grev.).  —  Valves 
broadly  lanceolate,  obtuse;  striae  inter- 
rupted, composed  of  large  subquadrate 
granules,  8  in  -OOl";  costae  two.  Grev 
I,  c.  p.  208,  1. 10.  f.  7.  Califomian  guano. 

P.  interr upturn  (Greg.). — Front  view 
with  slightly  convex  margins ;  costa3 
two ;  striae  obsolete  ?  =  Denticula  inter- 
rupta,  Greg  Diat.  of  Clyde,  p.  22,  pi.  2. 
f.  30.    Scotland.    Side  view  unknown. 

2  *  Valves  with  two  centrical  costa  and 
one  near  each  end. 

P.  ornatum  (Greg.). — ^Front  view  with 
convex  margins,  constiicted  beneath  the 
dilated  ends ;  costae  four ;  stiite  obsolete  ? 
= Denticula  ornata,  Greg  Diat.  of  Clyde, 
p.  22,  pi.  2,  f.  32.  Scotland.  Side  view 
imknown. 

v.  pulchellum  (Grev.). — Valve  linear 
oblong;  costse  fom';  striae  robust,  con- 
spicuously moniliform,  interrupted,  11 

-001".  Grev  I.  c.  p.  209,  pi.  10.  f.  4-6. 
Califomian  guano ;  Jamaica;  New  Pro- 
vidence. . 

P.  inaqUale  (Grev.).— Front  view  with 
straight  sides  ;  costse  four,  the  terminal 
ones  in  front  view  longer  than  the  cen- 
trical, and  inflected  at  their  apices;  stria) 


monilifomi,  16  in  -001".  Grev  I.  c.  p.  210, 

§1. 10.  f.  10.  Jamaica  and  New  Provi- 
ence.  Side  view  unknown. 
P.  pygmceiim (Grev.). — Minute ;  valves 
narrow  oblong ;  costae  fom- ;  stiiae  moni- 
liform, interrupted,  21  in  -OOl".  Grev 
I.  c.  p.  211,  pi.  10.  f.  11.  Distinguished 
for  its  minute  size,  its  shape,  and  the 
small  number  of  striae,  although  re- 
latively closer.  Grev. 

P.  Ch-evilUi  (Ralfs).  —  Striae  in  front 
view  broad,  moniliform,  costate,  8  or  9 
in  -001" ;  costae  fom* ;  connecting  zone 
with  longitudinal  rows  of  dots.  =P.  orna- 
tum, Grev  I.  c.  p.  209,  pi.  10.  i.  9.  Cali- 
fomian guano.  Side  view  unknown. 
The  striae  are  very  peculiar,  broad,  at 
first  sight  resembling  costae.  Grev. 

P.  validum  (Grev.).  —  Valve  linear, 
slightly  dilated  in  the  middle,  rounded 
at  the  ends;  costas  fom*;  stiiae  inter- 
nipted, conspicuously  monilifoinn,  12  in 
•001".  Grev  I.  c.  p.  209,  pi.  10.  f.  8.  Cali- 
fomian guano.    Front  view  unknown. 

P.  ohesum  (Grev.).  —  Minute  valves, 
broadly  dilated  at  the  middle  and  romided 
at  the  ends ;  costae  four ;  stiiae  11  in 
•001".  Grev  I.  c.  p.  211,  pi.  10.  £  12, 13. 
New  Providence.  The  inflated  appear- 
ance of  the  valves  .and  the  small  number 
of  striae  render  this  a  well-mai"ked  spe- 
cies, Grev. 

P.  li/rattim  (Grev.).  —  Valves  con- 
stricted at  the  middle,  then  dilated  and 
nan-owly  lyiiform,  linear,  and  rouuded 
at  the  extremities ;  costfe  four ;  striae  18 
in  •OOl".  Grev  I.  c.  p.  211,  pi.  10.  £  14. 
New  Providence. 

3  *  Valves  with  marc  than  four  costed. 

P.  Californicum  (Grev.).  — Valves  li- 
near, witli  rounded  ends ;  cost.ie  more 
than  four;  stiiaj  18  in  -001".  Grev  /.  r. 
p.  211,  pi.  10.  £  15-17,  Califomian 
giiano. 
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Doubtful  or  inmfficimtly  known 
Species. 

P.  kcvis  (Greg.).  —  Front  view  with 
slightly  but  sliai-ply  dilated  ends  and  a 
minute  promiuencein  the  middle  of  each 
margin ;  costaj  two?,  sti'iffi  delicate,  about 
48  in  •001".  =  Denticula  Icsvis,  Greg  Diat. 


of  Clyde,  p.  22,  pi.  2.  f.  33.  Scotland. 
Side  view  unknown. 

r.  Jlimanttdmn  (E.).  —  Front  view 
eio-ht  times  as  long  as  broad,  with  the 
rounded  apices  slightly  3-lobed,  costse 
two  ?,  margin  striated.  =  Heteronvphala 
mmantidium,-mQK.  1858, p.  13.  ^gean 
Sea.    Side  view  unknown. 


Genus  ODONTIDITJM  (K.).— Frastules  united  into  a  filament;  lateral 
view  Hnear  elliptic  or  cruciform,  with  pervious  costse.  "  The  Odontidia  are 
merely  a  filiform  series  of  Denticula3."  (Menegh.)  Like  Denticula,  this  genus 
is  distinguished  from  Fragilaria  by  its  strongly-marked  costte,  which  appear 
in  the  front  view  like  marginal  puncta.  The  filaments  are  usually  extremely 
frao-ile,  and  when  broken  up  the  frastules  scarcely  differ  from  those  of 
Denticka.  Smith  says,  "  It  must  be  acknowledged  that  there  is  little  to 
separate  these  genera ;  and  I  should  be  disposed  to  unite  the  two,  were  there 
not  in  the  general  habit  of  the  living  frastule  characters  which  enable  the 

observer  to  assign  them  to  their  respective  genera  It  may  be  left  to 

future  observers  to  consider  whether  they  may  not  without  inconvenience  be 
united." 


Odontidium  mesodon  (K.).  —  Has 
shorter  and  subquadrate  frustules,  with 
from  two  to  four  ti-ansverse  costse.  The 
last  character,  however,  is  so  inconstant 
that,  although  Professor  Smith  adopted 
it  in  his  definition,  almost  every  frustide 
in  his  figiu-es  has  a  greater  number.  O. 
glacials  often  has  trapezoid  frustides  a,nd 
5  or  6  costse,  whilst  0.  turgididum  is  in- 
termediate between  those  forms  and  the 
noi-mal  fi-ustules  in  length  and  number 
of  costse. 

0.  hijemale  (Lyngb.,  K.).— Front  view 
with  bead-like  marginal  pimcta ;  valves 
elUptic-oblong  or  elliptic-lanceolate,  ob- 
tuse, with  conspicuous  costse.  KB.  p.  44, 
1. 17.  f.  4;  SBD.  pi.  34.  f.  289;  Fragi- 
laria hyemalis,  Lyngb.  t.  63 ;  F.  con- 
fervoides,  GBF.  ii.  p.  403 ;  F.  striata, 
EA.  p.  127;  Odontidium  turgidulum,  KB. 
t.  17.  f.  2 ;  F.  turgidulum,  E  Inf. ;  Odon- 
tidium qlaciale,  KB. ;   O.  mesodon,  KB. 
t.  17.  f!  3 ;  SBD.  ii.  p.  16.  Common. 
Em-ope,  Asia,  Australia,  and  America, 
(xin.  24,  25.)     Odontidium  hyeniale  is 
easily  distinguished  firom  other  filamen- 
tous Diatoms  by  its  exceeding  fi-agility, 
minute  terminal  pimcta,  gland-like  mar- 
ginal ones,  and  the  conspicuous  costa3  of 
the  valves.    The  fiaistules  vaiy  much 
in  length  and  in  the  number  of  their 
costre ;  and  several  species  have,  we  be- 
lieve, en-oneously  been  constituted  upon 
these  characters.    We  do  not  hesitate 
to  unite  them,  confirmed  in  our  opinion 
by   the    doubts   expressed  respecting 
their  distinctness  by  the  late  Professor 
Smith. 


0.  Bogotanum  (Rzh.).  —  Very  small ; 
valves  oblong,  with  rounded  ends,  and 
from  2  to  4  very  broad  transverse  costJB. 
Bab  Diat.  p.  34,  t.  2.  i.  8.  Bogota.  Ap- 
parently a  state  of  O.  hyemale. 

0.  capitatmn  (Bab.).  —  Fom-  to  six 
times  as  long  as  broad;  valves  lanceo- 
late, constricted  beneath  the  capitate 
apices ;  costse  6  or  7  in  1-1200".  Bab 
Diat.  p.  34, 1. 10.  f.  17.  =  O.  cliamocepha- 
lum,  Bab  D.  p.  34,  1. 10.  f.  16 ;  Fragi- 
laria? capitata,  EB.  1853,  p.  527;  Microg. 
pi.  35  A.  12.  f.  2  ;  F?  Iqjtocephala,  E  I.  c. 
p.  527 ;  Microg.  pi.  35  a.  12.  i.  3.  Em-ope, 
Persia,  and  Ajnerica. 

0.  nodulosum  (E.,  K.).  —  Frustules 
narrow  linear,  twelve  times  as  long  as 
broad;  valves  naiTow  linear,  nodidose, 
constricted  beneath  the  capitate  ends; 
stiite  18  m  1-200".  KSA.  p.  13.  =  Fra- 
gilaria nodulosa,  EB.  1844,  p.  267.  Kiu-- 
distan. 

O.pinnatum  (E.,K.). — Frustules  three 
to  six  times  longer  than  broad;  valves 
with  roimded,  not  attenuated,  ends, 
and  25  strong  strire  in  1-1200".  KSA. 
p.  13.  =  Fraqilaria  pinnata,  EB.  1844, 
p.  202  ;  Microg.  t.  35  a.  22.  f.  8.  Ant- 
arctic Sea. 

0.  minimum  (Nag.). — Very  small; 
valves  trapezoid,  with  acute  apices  and 
very  faint,  nearly  obsolete  transverse 
strise ;  front  view  quadrate,  witli  margi- 
nal puncta.  KSA.  p.  88t).  =  O.  Salisbur- 
gcnse,  linh  D.  p.  38,  t.  2.  f.  7.  Em-ope. 

0.  rolnndatani  (E.,  K.).  —  Frustules 
often  nine  times  as  long  as  broad  ; 
valves  linear,  with  rounded  ends,  and 
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20  Stout  costffi  iu  1-1200".  KSA.  p.  13. 
=  Fragilaria  rotundata,  EB.  1844,  p.  202 ; 
EM.  pi.  1.  1.  f.  1.  Fossil.  Philippine 
Islands. 

O.pinnatum  (E.,  K.). — Frustules  three 
to  six  times  as  long-  as  broad;  valves 
linear,  vsdth  rounded  ends,  and  15  stout 
costc^  in  1-1200".  KSA.  p.  13.  =  Fra- 
gilaria  pinnata,  EA.  p.  127;  Microg. 
"many  figui-es.  Australia,  Afi-ica,  and 
America.  Akin  to  0.  striatum  and  0. 
Syriacum,  E. 

0.  striolatuin(Ei.,'K.). — Fi'ustules  three 
to  six  times  as  long  as  broad;  valves 
linear,  constricted  beneath  the  obtuse 
capitate  ends;  strise  about  18  in  1-1200". 
KSA.  p.  13.  =  Fragilaria  striolata,  EM. 
t.  28.  f.  58.  Europe  and  Australia.  Ehr- 
enberg's  figures  in  the  'Microgeologie' 
have  the  ends  slightly  attemiated,  and 
not  capitate. 

0.  Syriacum  (E.,  K.). — Frustides  eight 
times  as  long  as  broad ;  valves  with  10 
strias  m  1-1200".  KSA.  p.  13.  =  Fra- 
gilaria  Syriaca,  EB.  1840,  p.  16.  Syria. 

0.  ?  polyeclrum  (E.  K.).  —  Frustides 
oblong,  angular  (sexangadar  ?) ;  three 
times  as  long  as  broad;  stiias  very 
fine.  KSA.  p.  14.  =  Fracjilaria  polyedra, 
EB.  1845,  p.  77.  Fossil.  America. 
1-900". 

0.  amphice)-os  (B.,  K.).— Valves  tm-gid 
at  the  middle,  with  elongated,  linear, 
truncate  ends  and  pervious  sti-ife.  KSA. 
p.  13.  =  Fragilaria   amphiceros,  EB. 


1844,  p.  82 ;  Microg.  t.  18.  f.  77.  Vir- 
ginia. 

0.  yranulatum  (E.,  K.).  —  With  the 
habit  of  O.  ampliiceros,  but  smaller; 
valves  with  attenuated  ends  and  gi-anu- 
latcd  fasciae  in  striae.  KSA.  p.  13.  = 
Frayilaria  yranidata,  EB.  1844,  p.  202. 
Antarctic  Sea. 

0.?  Glam(E.,}L.). — Frustules  striated, 
short,  gibbous  at  the  middle,  constricted 
at  the  obtuse  ends,  and  resembling  the 
figure  of  an  acom  with  its  calyx ;  stria3 
2  or  3  in  1-1200".  KSA.  p.  14.  =  i^/-«- 
c/ilaria  Glans,  E  Inf.  p.  185.  Fossil. 
Finland.    1-1150"  to  1-570". 

0.  anomalum  (S.). — Filament  tena- 
cious ;  valves  linear,  suddenly  constricted 
towards  the  roxmded  extremities ;  costal 
four  to  twelve.  SBD.  ii.  p.  16,  pi.  61. 
f.  376.  Alpine  situations.  Em-ope.  Front 
view  with  punctate  or  denticulate  mar- 
gins. Internal  cells,  similar  to  those  met 
with  in  Meridion  and  Himantidium,  are 
frequent  in  this  species. 

0.  anceps  (E.). — SmaU ;  valves  linear- 
oblong,  constricted  beneath  the  subcapi- 
tate  apices.  =  Frayilaria  anceps,  EA. 
p.  127 ;  F.  Pteridimn,  EM.  pi.  34.  5  b. 
f.  10  ?    North  America. 

0.  Cretce  =  Frayilaria  Cretce,  EM. 
pi.  53. 17.  f.  9 ;  F.paradoxa,  EM.  pi.  33. 
15.  f.  13  ?  Australia,  Eiu-ope,  and  Africa. 
Valves  linear-oblong,  with  roimded  ends 
and  pervious  transverse  costae. 


Genus  FEAGILAEIA  (Lyngb.,  K.).— Fnistules  linear,  united  into  a  fila- 
ment; lateral  valves  smooth,  or  faintly  striated,  linear-lanceolate  or  fusiform. 
Fragilaria  differs  from  Odontidium  in  the  absence  of  costiE ;  and  the  stnve, 
which  are  probaHy  present  in  all  the  species,  axe  so  obscure  that  Kiitzing 
makes  their  absence  one  of  the  generic  characters.  Diadesmis  may  be  distin- 
guished from  Fragilaria  by  the  presence  of  a  eenti-al  nodule  in  the  lateral 
valves.  Professor  Smith  justly  regrets  that  in  the  subdivision  of  Fragilaria 
sufficient  regard  has  not  been  paid  to  the  signification  of  the  generic  name. 
We  consider  that  it  would  have  been  far  better  to  have  retained  the  name 
for  Fmgilaria  hyemalis,  Lyngb.  (= Odontidium,  K.),  so  remarkable  for  its 
fragility. 


Fbagilakia  capucina  (Desm.). — Fi'ont 
view  naiTow  linear,  with  obsolete  or  ob- 
scm'e  terminal  puncta;  valves  lanceolate ; 
stiiJB  obscure.  KB.  p.  45,  1. 16.  f.  3.  = 
F.  pedinalis,  Lyngb.  t.  63 ;  Ag  Consp 
Diat.  p.  62 ;  -F.  tenuis,  Ag  Consp  Dnxt. 
p.  63 ;  F.  Rhahdosoma,  diophthalma,  mul- 
tipunctata,  bipunctata,  anyvsta,  scalaris, 
and  iissa,  E  Inf.  F.  sq>es,  EM._  t.  38.  1. 
f.  8.  Common,  but  generally  m  small 
quantities  and  mixed  with  other  Diatoms. 
Europe,  Asia,  Australia,  Africa,  and 


America,  (rx.  173,  174.)  A  very  van- 
able  species.  The  fi-ustides  are  so  much 
compressed  that  it  is  difficidt  to  obtain 
a  good  view  of  the  valves ;  but  it  may 
usually  be  recognized  iu  the  front  view 
by  its  obsolete  terminal  puncta.  TMien 
di'ied,  it  has  a  silvery  lustre.  Filaments 
elongated. 

F.  acuta  (E.).— Valves  linear,  with 
acutely  cuneato  apices ;  stri.-e  wanting  or 
obscure  ;  front  view  linear.  E  ]\Iet€orp. 
t.  2.  f.  10;  Microg.  many  (igiu-es.  =  -f- f"" 
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=F.  f/ibha,  EjM.  pi.  33.  17.  f.  9  ?  Ame- 
rica and  Europe. 

F.  biHudis  (E.).  —  Parasitic,  mostly 
simple ;  valves  rostrate,  sometimes  con- 
stricted, sometimes  iuflatedat  the  middle; 
strife  wanting  or  obsciu-e.  EA.  p.  127 ; 
Micros,  pi.  5.  2.  f.  2Q.  =  Odontidium  ?  ^;a- 
rasittcimi,  SBD.  ii.  p.  19,  pi.  60.  f.  375. 
Eiu'ope  and  America.  _  ^  inflated,  with- 
out a  central  constriction.  S  I.  c.  p.  375. 
Frustules  rarely  cohering,  and  scarcely 
silicious.  S. 

F.  constricta  (E.).  —  Frustules  fre- 
quently cohering  by  their  angles ;  valves 
rostrate,  subacute,  in  o-eueral  slightly 
constricted,  sometimes  intiated  at  the 
middle ;  sti-ifB  faint,  42  in  -001".  EA. 
p.  127 ;  Microg.  several  figm-es.  =  F. 
undata,  SBD.  ii.  p.  24,  pi.  60.  f.  377. 
ft  valves  turgid  at  the  middle,  S.  Eu- 
rope, Asia,  Austi-alia,  and  America. 

F.  Entomon  (E.).  — Valves  elongated, 
smooth,  strongly  constricted  at  the 
middle,  with  rostrate  ends.  EA.  p.  127 ; 
Microg.  pi.  5. 3.  f.  52.    North  America. 

F.  binalis,  EM.  pi.  14.  f.  52.  Germany 
and  Mam-itius.  Valves  smooth,  con- 
stricted at  the  middle,  and  roimded  at 
the  ends. 

Doubtful  and  undescribed  Species  from 
Elirenberg. 
F.  ?  Tessella,  EM.   pi.  20.  2.  f.  29. 
Broadly  and  sharply  lanceolate  without 
markings. 

F.  ?  Synedra,  EM.  pi.  39.  3.  f.  60,  61. 
Fnistules  miited,  curved ;  venter  gibbous 
at  centre. 

F.  ?  Mesogongyla,  EB.  1856,  p.  333, 
f.  48.  Africa.  Valves  with  minute  in- 
flated middle,  and  slender  acute  rostrate 
ends. 

F.  oxyrhambus,  EB.  1856,  p.  333, 
f.  44,  Africa ;  F.  Trachea,  Australia ;  F. 
seminuda,  fossil,  Georgia;  F.  vcntralis, 
Anatolia  ;  F.  Himalaycc,  India  ;  F.  ? 
Stylus,  yEgina ;  F.  ?  Stylidium,  ^gina  ; 
F.  ?  undulatmn,  Asia ;  F.  Crux,  Asia ; 
F.  Tcenia,  Africa ;  F.  amphilcpta,  Africa ; 
F.  Lamella,  Austi'alia;  F.  am2^hircphaht, 
Asia ;  F.  ventricosa,  Africa ;  F.  frus- 
tulia,  America ;  F.  Funotia,  Africa ;  F. 
thermalis,  America;  F.  australis,  Ame- 
rica; F.  Pomerooni,  America. 

Genus  GEAMMONEMA  (Ag.).— Fnistules  simaar  to  those  of  Fragilaria, 
but  scarcely  silicious,  and  united  into  flexible,  highly  mucous  filaments. 
"  Grammonema  in  appearance  comes  very  near  to  Fragilaria  ;  but  its  liabit  is 
so  very  diffcront  that  I  am  inclined,  with  Agardh,  to  keep  tliom  distinct.  In 
Fragilaria  the  filaments  do  not  adhere  well  to  paper,  the  frustules  arc  silicious 
and  may  b(!  subjected  to  ii  red  heat  without  any  other  alteration  than  the 


piicina,  SBD.  pi.  85.  f.  296.  Europe, 
Asia,  Africa,  and  America.  1-1152"; 
BIX  times  longer  than  broad. 

F.  corrugata  (K.).—Uimite;  frustules 
geminate,  corrugated  at  each  end ;  valves 
acutely  lanceolate.  KB.  p.  46, 1. 16.  f.  5. 
Gei-many.  1-1440". 

F.  pusilla  (K.).  —  Glassy  ;  fr-ustiiles 
xectangidar,  quacfrate,  or  linear-,  united 
in  very  short  fasciffi ;  valves  narrow 
lineal-, 'smooth.  KSA.  p.  14.  Marine. 
France. 

F.  Bacillum  (E.).  —  Valves  smooth, 
linear  with  roimded  ends,  five  or  six 
times  as  long  as  broad.  EB.  1844; 
Microg.  pi.  21.  f  30  &  pL  35.  16.  t  11. 
Fossil.    Oran  and  Virginia.  1-720". 

F.  glabra  (E.). — Linear,  smooth,  with 
attenuated  obtuse  apices.  EA.  p.  127. 
Guiana.  May  be  a  variety  of  F.  bi- 
ceps, E. 

F.  Catma  (E.).— Twice  as  long  as 
broad ;  valves  oblong,  smooth.  EB. 
1840,  p.  16.  =  F.  turgem,  EM.  several 
figm-es?  Em-ope,  Africa,  and  Mexico. 
1-1152". 

F.  virescens  (Ealfs).  —  Valves  tiu-gid 
lanceolate,  suddenly  conti-acted  towards 
the  obtuse  ends ;  stiise  44  in  -001",  very 
faint.  Ealfs,  Ann.  xii. ;  SBD.  ii.  p.  22, 
pi.  35.  f.  297.  =  Biatoma  virescens,  HBA. 
F.  pectinalis,^  Streams.  Em-ope.  Fila- 
ments elongated,  Imid-gi-een;  frustules 
rather  broad,  with  distinct  terminal 
pimcta,  frequently  irregidarly  adhering 
by  their  angles  like  a  Diatom.  Easily 
recognized  by  its  gi-eenish  hue  when 
gi-owiug. 

F.  Venter  (EM.  several  fig-m-es).  — 
Minute ;  valves  smooth,  twice  as  long- 
as  broad,  oblong  lanceolate,  with  con- 
tracted, produced,  obtuse  ends. 

F.  mesotyla  (E.). — BacUlar  with  tur- 
gid centre,  obtuse  ends,  and  transverse 
granular  stiise.  Asia.  1-480".  Resembles 
Stauroneis  granulata,  but  wants  the  lon- 
gitudinal band  and  crucial  imibUicua,  E. 

F.  lavis  (E.). — Resembles  Odontidium 
aniphiceros,  but  is  without  the  dotted 
striae.    EA.  p.  127.  Virginia. 

F.  bicqjs  (E.). — ^Valves  linear  oblong, 
suddenly  constricted  at  the  ends  into 
minute  beaks ;  striaj  wanting  or  obscure. 
EA.  p.  127;  Microg.   several  figures. 
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destruction  of  the  colouring  matter,  and  at  each  end  are  two,  more  or  less 

distinct,  pellucid  puncta  In  Grammonema  there  is  scarcely  any  sUica, 

and  the  filaments  are  not  fragile,  but  highly  mucous,  adhering  firmly  to  paper 
or  glass,  and  when  dried  appearing  Uke  a  mere  stain ;  the  application  of  nitric 
acid  or  of  a  red  heat  destroys  their  foi'm,  and  I  can  perceive  no  pimcta  at  the 
ends  of  the  fi-ustules."  Ealfs,  Ehrenberg,  and  Kiitzing  place  this  genus  with 
the  Desmidieae  because  of  the  absence  of  sihca ;  and  Meneghini  says,  "  I  think 
this  conclusion  right.  It  is  a  true  Desmidiean,  for  it  has  no  sUicious  shield ; 
and  it  is  to  be  observed  that,  however  perfectly  it  may  resemble  the  Fragi- 
larieee  in  form,  it  wants  the  longitudinal  cantils  and  terminal  perforations  of 
the  primary  surfaces." 


GnAiiMONEMA  Jurgensii  (Ag.).  — 
Valves  oblong  lanceolate,  slightly  con- 
stricted at  the  obtuse  ends.  Ag  CD. 
p.  63.  =Fraffilana  Jurgensii,  KSD.  p.  59 ; 
Conferva  striatula,  Jm-g. ;  Fragilaria 
striatula,  Lyugb  Hyd  Dan.  p.  183,  t.  63 ; 
SBD.  ii.  pi.  23.  f.  298;  Grammatonema 
striatulum,  KSA.  p.  187;  Arthrodesmus 
striatulus,  EliBA.  1840;  Fragilaria  au- 


rea,  Cserm.  in  Hook  B  Fl.  ii.  p.  403. 
/3.  diatomoides,  filaments  toning  greenish 
when  dried,  =  Fragilana  diatomoides, 
Grev.,  Hook  B  Fl.  p.  403.  On  marine 
Algse.  Spring,  Em-ope.  (xv.  24,_  25.) 
Grammonema  Jurgensii  is  easily  distin- 
guished from  every  species  of  Fragilaria 
by  its  marine  habitat  and  flexible,  highly 
mucous  filaments. 


Genus  DIATOMA  (Dec).  —  Frustules  quadrangular,  partially  separa,ting, 
and  cohering  by  the  angles  (generally  by  the  alternate  ones)  into  a  zigzag 
chain.  Diatoma  is  distinguished  from  Fragilaria  and  Odontidium  by  the  con- 
nexion of  the  frustules  at  their  angles  in  a  zigzag  chain.  Some  species  of 
Fragilaria,  indeed,  have  a  few  frustules  similarly  adhering ;  but  this  is  a  con- 
stant character  in  Diatoma,  whilst  the  greater  number  of  their  fr'ustules  will 
present  the  usual  appearance  of  a  Fragilaria.  Meneghini  says,  "  For  my  part  , 
I  think  it  would  be  much  more  natural  to  place  the  smooth  species  {D. 
tinale,  D.  vitreum,  and  D.  hyalinum)  in  Fragilaria ;  those  striated  with  elliptic- 
lanceolate  surfaces  (D.  vulgare,  D.  mesodon,  D.  tenue,  and  D.  mesolcptum)  in. 
Odontidium.  There  would  remain  as  distinctly  generic  the  species  which 
have  capitate  extremities  on  their  lateral  surfaces.  These  unions  would  be 
justified  on  both  sides ;  for  whilst  the  Odontidia  have  forms  Uttle  different 
from  Diatoma,  Diatomata  are  little  different  fr-om  Fragilaria." 


*  StricB  obsolete. 

Diatoma  hyalinum  (K.).  —  Frustules 
elongated,  very  hyaline;  valves  linear 
lanceolate,  with  rather  obtuse  apices; 
strife  obsolete.  KB.  p.  47,  t.  17.  i.  20 ; 
SBD.  ii.  pi.  41.  f.  312.  Marine.  Europe. 
(IV.  16.) 

D.  minimum  (Ealfs). — Frustvdes  mi- 
nute, very  hyaline;  valves  about  twice 
as  long  as  broad,  oblong  vrith  rounded 
ends ;  striae  obsolete.  Ralfs,  T  Bot  Soc. 
2nd  ed.  p.  20 ;  SBD.  ii.  p.  41,  pi.  41.  f.  313. 
=  D.vitreim,'KB.^A7.  Marine.  Europe. 

D.  pectinale  (Nitz.,  K.).— Frustidea  at 
first  forming  a  fascia,  afterwards  zigzag ; 
valves  acutely  lanceolate:  struB  obsolete. 
KB.  p.  47,  t.  17.  f.  ll.  =  Bacillaria  prcti- 
nalis,  Nitz  ;  B.  seriata,  Ptolemcci,  floccu- 
losa,  E  Inf  Fresh  water.  Egypt,  Eu- 
rope, England. 


2  *  Stria  (costce)  evident. 

D.  vidgare  (Bory).  —  Valves  spindle- 
shaped,  suddenly  contracted  at  the  ob- 
tuse ends ;  costse  pervious,  conspicuous, 
about  18  in  -001".  liB.  1. 17.  f.  15 ;  SBD. 
p.  39,  pi.  40.  i.  309 ;  BaciUaria  mlgaris, 
E  Inf.  p.  197;  Diatoma  tcnue,  Grev., 
HBFl.  p.  406;  D.  floccidosum,  AgCl^. 
p.  53.  Eiu-ope,  Asia,  Africa,  and  Ame- 
rica. Frustides  three  or  fom-  times  as  Ions 
as  broad.  This  species  is  distmgiushed 
by  the  greater  breadth  and  convexity  of 
its  fi'ustides,  and  by  the  conspicuous 
marginal  puncta  of  the  front  view. 
(IV.  13;  IX.  168.) 

D.  mesodon  (K.).  —  Valves  veutricosc 
lanceolate,  with  three  to  five  ti-ansveree 
stri.'e  at  the  middle.  KB.  p.  47,  1. 17. 
f.  13.  0.  mneatiim,  frustides  cuneate. 
KB.  t.  17.  f.  12,  =  BaciUaria  cuneata,  E 
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KB.  p.  48, 1. 17.  f.  17 ;  SA.  1857,  xix  p.  10, 
pi  1  f  13.  =  liucillaria  elomjata,  ih  Int. 
p."l98,'  t.  15.  f.  5.  Europe,  (ix.  169.) 
The  inflation  in  the  centre  of  the  valve 
separates  this  species  from  D.  (jrandc, 
which  is  moreover  a  larger  form  wth 
coarser  striae,  S.   (rv.  15.) 

D.  grande  (S.).  —  Valve  linear,  con- 
sti-icted  heneath  the  capitate  apices; 
costffl  24  in  -001".  SBD.  li.  p.  39,  pi.  40. 
f.  810.  =  Sacillaria  australis,  EM.  pi.  35. 
A  2.  f.  3.  Britain,  Africa,  and  South 
America. 

D.  elongatum  (Ag.).  —  Valves  linea,r, 
with  inflated,  capitate  apices ;  costse  7  in 
1-1200".  KB.  p.  18,  t.  17.  f.  18;  SBD. 
ii.  p.  40,  pi.  40.  I.  811.  =  Diatoma  gracil- 
Umum,  Niig.,  KSA.  p.  889.  Em-ope. 
Front  view  slender,  attenuated  at  the 
middle,  (iv.  14;  ix.  119.) 


Inf.  1. 15.  f.  6 ;  Diatovia  cuneatmn,  Kab 
1).  t.  2.  I  4.  Gei-many.  (ix.  170.)  Pro- 
biibly  a  state  of  D.  vulgare. 

D.  tenue  (Ag.). —Valves  lanceolate, 
A\ath  from  9  to  12  distinct  striae  in 
1-1200".  Ag  CD.  p.  52 ;  KB.  p.  48,  t.  9. 
C.  10.  =  JSaci/hiria  pectiiiahs,  E  Inf.  p.  198, 
t.  15.  f.  4.  Europe  and  Asia.  A  protean 
species ;  the  frustules  are  sometimes  qua- 
drate, sometimes  linear,  and  sometimes 
cuneate. 

D.  mesohfptum  (K.).—Fr\istnles  slightly 
.ittenuated  at  the  middle ;  valves  lanceo- 
late, with  from  10  to  12  striae  in  1-1200". 
KB.  p.  48, 1. 17.  £  16.  Europe.  1-650". 
We  fear  it  is  scarcely  distinct  fr-om  D. 
tenue. 

D.  Elirenhergii  (K.).— Front  view  at- 
tenuated at  tire  middle;  valves  linear 
lanceolate,  contracted  beneath  the  sub- 
capitate  apices;  costse  11  in  1-1200". 

Genus  ASTERION'ELLA  (Hass.).  —  "  Frustiiles  linear,  inflated  towards 
one  or  both  extremities ;  adhering  by  their  adjacent  angles  into  a  star-like 
filament"  (SBD.  ii.  p.  81).  The  frustules  in  this  genus  exactly  resemble 
those  of  the  capitate  species  of  Diatoma,  but  are  few  in  number;  and  being 
connected  by  the  adjacent  angles,  the  free  extremities  diverge  in  a  stellate 
manner.  We  first  observed  a  single  specimen  amongst  some  freshwater  Alga3 
gathered  near  Dublin  by  Mr.  D.  Moore,  and  afterwards  obtained  it  plentifully 
for  two  successive  years  in  a  pool  near  Dolgelly,  when  we  considered  it  a 
species  of  Diatoma  nearly  allied  to  D.  tenue.  Subsequently  we  received  a 
larger  form  from  Professor  Dickie,  gathered  near  Aberdeen.  The  Scottish 
form  had  the  free  end  truncated,  and  is  probably  the  one  described  by 
Professor  Smith  as  A.  Ralfsii. 

AsTEBiONELiiA  formosa  (Hass.).  — 
Front  view  somewhat  more  enlarged  at 
the  base  than  at  the  summit.  -0024"  to 
•0031".  SBD.  ii.  p.  81.  Fresh  water. 
Britam.    (iv.  17.) 

A.  Bleakeleyii  (S.). — Frustules  linear, 
enlai-ged  at  the  base.  -0022".  SBD.  ii. 
p.  82,    Marine.  England. 


A.  Ralfsii  (S.).  —  Frustules  in  fi-ont 
view  exactly  linear ;  valve  attenuated  at 
one  end,  constricted  towards  the  other, 
which  is  roimded  and  capitate;  striae 
obscure.  SBD.  ii.  p.  81.  =  Diatoma  stel- 
lare,  BO.  p.  39.  Fresh  water.  Europe 
and  America,   (rv.  18.) 


Genus  NITZSCHIA  (Hass.,  Smith). — "  Frustules  free,  elongated,  com- 
pressed ;  valves  linear,  keeled,  with  one  or  more  longitudinal  lines  of  puncta  ; 
keel  frequently  eccentric.  .  .  .  This  genus  embraces  a  large  number  of  species, 
differing  in  form  and  size,  but  all  agreeing  in  a  few  general  characters.  The 
most  important  of  these  is  the  keeled  form  of  the  valves  and  the  remarkable 
inequality,  in  many  of  the  species,  between  the  portions  of  the  valve  lying  on 
either  side  of  this  prominency.  This  inequality  (or,  in  other  words,  this 
eccentricity)  of  the  keel  distinguishes  Mtzsehia  from  Amphiprora,  in  wliich  the 
keel  is  also  present ;  while  the  presence  of  a  keel  and  its  accompanying  line 
or  lines  of  puncta,  together  with  the  absence  of  any  form  of  stipes,  separate 
the  present  from  the  genus  Synecb-a."  Professor  Smith,  whose  generic  cha- 
racter and  remarks  we  have  quoted,  has  brought  together  forms  from  several 
genera,  and  thus  has  not  only  pointed  out  the  remarkable  character  wliich  is 
common  to  them  all,  but  also  relieved  those  genera  of  members  which  ill 
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agreed  with  their  definitions.  It  is,  hoAVCver,  probable  that  his  characters 
may  rather  belong  to  a  family  than  to  a  single  genus,  his  sections  forraiug 
genera.  The  sigmoid  forms  were  placed  by  Ehrenberg  in  Navicula,  and  by 
Kiitzing,  in  his  earlier  work  (Kiesel.  Badl.),  in  Synedi-a.  Subsequently,  how- 
ever, in  his  '  Species  Algarum,'  Kiitzing  removed  them  from  Syncdra,  and,  under 
his  old  name  of  SigmateUa,  placed  them  with  the  PragUaricte  because  they  are 
not  affixed  and  have  pervious  transverse  striae. 


*  Minute :  front  mew  strait ;  valves  ar- 
cuate with  a  row  of  dots  on  the  ventral 
margin. 

NiTZSCHiA  amphiozys  (E.).  —  Valve 
linear  lanceolate,  arcuate,  with  convex 
dorsmu,  concave  venter,  and  attenuated, 
subrosti-ate,  acute  apices;  strise  30  in 
•001",  terminating  in  dots  at  the  ventral 
margin.  SBD.  i.  p.  40,  pi.  13.  f.  105. 
=  Eunotia  amphioxys,  EA.  p.  125.  Fresh 
water,  very  common.  Ehrenberg  gives 
upwards  of  200  habitats  in  Em-ope,  Asia, 
Australia,  Africa,  and  America. 

N.  vivax  (S.).  —  Valve  linear  lan- 
ceolate, arcuate,  with  rostrate  apices; 
sti-iee  distmct,  30  in  -OOl",  termmat- 
ing  in  marginal  dots.  SBD.  i.  p.  41, 
pi.  31.  f.  267.  Fresh  or  hracMsh  water. 
England. 

N.  parvula  (S.).— Valve  with  central 
constriction,  obscm-e  puncta,  and  pro- 
duced apices ;  strite  faint,  70  in  -OOl". 
SBD.  i.  p.  41,  pi.  13.  f.  106.  Marme. 
Sussex. 

N.  minutissitna  (S.).  —Valve  Imear, 
with  distinct  puncta  and  ^prominent 
acute  apices ;  strise  obscure,  72  in  -001". 
SBD.  i.  p.  41,  pi.  13.  f.  107.  Fresh 
water.    Beachy  Head. 

'^.Biance  (E.).— Valve  linear,  arcuate, 
with  convex  dorsum,  concave  venter,  and 
produced  shghtly  reflexed  apices  ;  stnee 
13  in  1-1200",  terminating  in  dots  on 
the  ventral  margin.  =  Eunotia  Diance, 
ERBA.  1840,  p.  14;  INIicrog.  pi.  35  A. 
2.  f.  9.  Freshwater.  Europe,  Asia, 
Africa,  and  America. 

N.  amphilepta  (E.).  —  Valve  linear, 
arcuate,  with  convex,  smooth  dorsum, 
slightly  concave,  sti-iated  ventral  niargiu, 
and  acute,  gradually  attenuated,  slightly 
reflexed  apices.  =  Eunotia  amphilepta, 
ERBA.  1845,  p.  363;  Microg.  pi.  34.  8 
f.  4.    Japan  and  China. 

N.  virgata  (Roper).  —  Valve  hneai 
lanceolate,  shghtly  arcuate,  with  pro- 
duced, slightly  recurved,  obtuse  apices ; 
striffi  distinct,  26  in  -001",,  dilated  at  in- 
tervals into  ridges  on  the  ventral  niai-gin. 
Roper  JMS.vi.  p.  23,  pi.  3.  t  6.  Ma- 
rine. Tenby.  Difters  from  N.  amph- 
oxys  and  N.  vivax  by  tlie  stnie  bcn.g 


dilated  into  bands  instead  of  terminating 
in  puncta,  Roper. 

2  *  Frustules  constiicted  at  the  middle. 

N.  constricta  (K.). — Front  view  ob- 
long, slightly  constricted  at  the  middle 
and  tapering  towai'ds  the  somewhat 
tnmcate  end.s  ;  keel  very  eccentiic ;  stiite 
obscm-e,  60  in  -001".  =  Synedra  con- 
stricta, KB.  p.  64,  t.  3.  f  70;  Nitzschia 
duhia,  SBD.  i.  p.  41,  i.  112.  Marme. 
Em-ope. 

N.  Entomon  (E.).— Elongate,  thick, 
striate,  oblong  with  constricted  middle 
and  obtusely  cuneate  ends.  =  Synedra 
Entomon,  EM.  pi.  34.  2.  f.  5.  Em-ope, 
Asia,  Austi-aha,  Afi-ica,  and  America. 

N.  plana  (S.).  —  Front  view  linear 
lanceolate,  with  attenuated  middle  and 
acutely  cimeate  ends  ;  valves  acutely 
linear  lanceolate,  with  a  single  row  of 
luncta  and  56  obscm-e  stride  in  -001. 
5BD.  i.  p.  42,  pi.  15.  f.  114.  Brackish 
water.  Em-ope. 

N.  Brightioellii  (Kitten).  —  Valves 
broad  linear-oblong,  with  obtuse,  shortly 
attenuated  ends,  slightly  consti-icted 
middle  and  interruptedly  striate  margm ; 
sm-face  imder  a  low  power  gi-auulai-, 
imder  a  higher,  punctato-striate ;  stii.-e 
transverse,  25  to  30  m  -001".  Brackish 
water.  Sierra  Leone.  Kitton  in  lit. 
(vm.  7.) 

N.  latestriata  (Breb.). —Front  ^aew 
large,  broad  linear-oblong,  with  a  ceuti-al 
constriction  and  broadly  rounded  ends : 
valves  narrow  lanceolate,  with  a  ceuti-d 
keel,  double  row  of  pimcta  and  56  di- 
stinct strife  in  -001".  =  Amphij)rora  late- 
striata, Br(5b.  in  KSA.  p.  93;  Nitzschia 
bilohata,  SBD.  i.  p.  42,  pi.  15.  t  113. 
Marine.  Europe. 

N.  panduriformis  (Greg.).  —  Jp^fd 
linear-oblong,  Avith  constricted  middle, 
acummate  ends,  and  punctuated  mar- 
Lrins ;  stiijB  fine,  about  48  in  -001",  ti-aus- 
verse  and  oblitiue.  GDC.  p.  57,  pi.  6. 
f.  102.  Marine.  Scotland.  There  is  a 
foint  indication  of  a  double  keel  in  tlic 
middle  of  the  valve.  The  striation  is 
similar  to  that  of  Tryblionella  coustncta : 
but  the  present  form  is  larger,  M\i\  A\- 
stiuguished  bv  marginal  puucla  ;  still  it 
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resembles  a  Trvblionella  about  as  much 
as  it  does  a  Nitzschia,  Greg. 

3  *  Fi-ont  vieic  sigmoid  (Sigmatella, 
Kii'tz.). 

N.  sit/moidea  (Nitzsch,  S.).— Front 
view  elongated,  broadly  linear,  sigmoid 
with  truncate  ends  and  mai'ginal  puucta ; 
valves  narrow  linear-lanceolate,  with 
tapering  ends  and  a  single  longitudinal 
series  ot  puncta ;  sti-ite  85  in  -001".  SBD. 
i.  p.  38,  pi.  13.  f.  104:.  =  N'avicula  sig- 
moidea,  EI.  t.  13.  f.  15;  Synedm  sig- 
moidea,  KQ.  p.  67  ;  Sigmatella  Nitzschia, 
KSA.  p.  18  ;  Nitzschia  elongatu,  Hassall, 
B  Alg.  p.  435.  Fresh  water.  Europe, 
(rx.  148.)  Lai-ge,  with  elegantly  pimc- 
tate  margins.  The  strife  in  this  Diatom 
are  sometimes  sti-ong  and  easily  seen, 
while  others  in  the  same  slide  set  at 
defiance  every  method  of  illumination  to 
bring  them  out.  RIi'.  SoUitt,  of  Hull, 
says,  "  The  sti-ise  vary  from  65  in  the 
•001"  up  to  a  degi'ee  of  fineness  which 
no  lenses  that  we  now  have  will  show." 

N.  Brebissonii  (Kiitz.,  S.). — Front  view 
broadly  linear,  sigmoid  with  ti-imcate 
ends  and  marginal  puncta ;  valves  linear, 
with  attenuated,  obtuse  apices  ;  stiite  27 
in  -001".  SBD.  i.  p.  38,  pi.  31.  f.  266. 
=  Synedra  Armoricana,  KB.  t.  4.  f.  34 ; 
Sigmatella  Brebissonii,  KSA.  p.  18. 
France,  England.  Resembles  N  sig- 
moidea,  but  is  much  broader  in  propor- 
tion to  its  length,  the  puncta  are  more 
conspicuous,  and  the  lateral  view  is  more 
linear.  According  to  Professor  Axnott, 
this  species  is  not  the  Sigmatella  Bre- 
bissonii of  Kiitzing,  the  latter  being  a 
mere  variety  of  N.  sigmoidea,  whilst 
Smith's  species  is  distinct  and  a  brackish- 
water  species. 

N.  macilenta  (Greg.).  — Front  view 
elongated,  lineai',  sigmoid,  trimcate ; 
valves  linear  lanceolate,  with  acute  api- 
ces ;  keel  with  a  single  row  of  subremote 
puncta  ;  strife  very  obscure.  Grev  MJ. 
vii.  p.  83,  pi.  6.  f.  8,  9.  Marine.  Scot- 
land. Allied  to  N.  sigmoidea,  but  de- 
cidedly less  sigmoid.  The  side  view 
very  nan'ow ;  puncta  separated  from  each 
other  by  in-e^ular  intervals,  and  fewer 
(8  in  'OOl")  than  in  N.  sigmoidea,  Gre- 
ville. 

N.  Sigma  (K.,  S.). — Fi'ont  view  sig- 
moid, linear  lanceolate,  gradually  taper- 
ing to  tlie  truncated  apices;  keel  of  valves 
with  a  double  row  of  puncta.  SBD.  i. 
p.  39,  pi.  13.  f.  108.  =  Sgiiedra  Sic/ma,  KB. 
p.  67,  t.  30.  f.  14.  'iMarine.  "  Europe. 
Strire  56  in  •001",  S.   (iv.  20.) 

N.  Sigmatella  (Greg.). — Front  viewsig- 


moid,  linear  lanceolate,  gradually  taper- 
ing to  the  obtuse  apices  ;  valves  linear, 
acute,  with  obscure  striaj.  Greg  M.T.  iii. 
p.  4,  f.  2.  =  N.  curmda,  SBD.  ii.  ]).  39. 
Fresh  water.  Europe.  Distinguished 
from  N.  Sigma  by  its  far  more  delicate 
strife  and  freshwater  habitat.  Professor 
Kiitzing  describes  the  Naviciila  curmda 
as  straight  in  the  front  and  sigmoid  in 
the  lateral  view ;  it  is  therefore  probably 
a  Pleiu'osigma,  and  not  this  species,  as 
supposed  by  Smith. 

N.  vermicularis  (K.). — Front  view  sig- 
moid, slender,  linear  or  slightly  dilated 
at  the  middle  ;  strife  obscm-e.  =  Synedra 
vermicularis,  KB.  t.  4,  f.  35 ;  Sigmatella 
vermicularis,  KSA.  p.  18.  Fresh  water. 
Em'ope. 

N.  Tergestina  (K.).  — Front  view  sig- 
moid, linear,  trimcate ;  valves  narrow 
linear,  with  suddenly  contracted,  pro- 
duced apices.  =  Synedra  Tergestina,  KB. 
p.  66,  t.  4.  f.  33;  Sigmatella  Tergestina, 
Rah  D.  p.  56.  Europe.  11  stiife  in 
1-1200",  Rab. 

N.  Italica  (Rab.). — ^Front  view  broad- 
ly linear,  slightly  sigmoid,  ti-uncate ; 
valves  sigmoid,  with  attenuated  roimded 
ends,  and  9  striae  ia  \-\2Q0".  =  Sif/matella 
Italica,  Rab  D.  p.  56,  t.  4.  f.  12.  Italy. 

N.  obtusa  (S.). — Front  view  sigmoid, 
linear,  with  roimded  apices ;  valves  linear, 
obtuse,  with  a  double  series  of  pimcta  ; 
strife  56  in  -001".  SBD.  i.  p.  39,  pi.  13. 
f.  109.    Bracldsh  water.  Sussex. 

N.  Smithii.  —  Front  view  broadly 
linear,  sigmoid,  trimcate,  with  conspi- 
cuous marginal  capitate  stiise  having 
smaller  pimcta  interposed  between  them ; 
valves  distinctly  stna,te.=Nitzschia  spec- 
tabilis,  SBD.  i.  p.  39,  pi.  14.  f.  116.  Ma- 
line.  Britain.  Keel  nearly  centi-al, 
pimcta  in  fom-  rows.  Sm. 

4*  Front  view  lunately  ctirved. 
_  N.  arcuata  (Greg.).  —  Front  view 
linear  arcuate,  with  roimded  ends ;  valves 
lanceolate,  obtuse;  puncta  about  20  in 
•001".  Grev.  MJ.  vii.  p.  82,  pi.  6.  f.  4-7. 
Marine.  Scotland. 

5*  Frustules  straight  in  both  vietvs,  not 
cojistricted  at  the  middk. 

t  Front  view  linear. 
_N.  scalaris  (E.,  Sm.).— Large ;  front 
view  broadly  linear,  with  dilated  truncate 
ends  and  broadly  striated  margins,  the 
strife  alternately  longer  and  shorter; 
valves  linear  witli  shortly  attenuated, 
obtuse  ends.  SBD.  i.  p.  39,"  pi.  14.  f.  115. 
=  Synedra  scalaris,  EA.  p.  137,  t.  2.  2. 
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f.  18.    Braclrish  water.    Europe,  Asia, 
Australia,  and  America,    (iv.  21.) 

N.  spectabilis  (E.).— Large ;  front  view 
broadly  linear,  with  tnuicated  ciineate 
apices;  valves  with  rounded  ends.  = 
Synedra  spectabilis,  EA.  and  M,  several 
figures.  Europe,  Asia,  Australia,  Africa, 
and  America.  The  valves  are  figured  as 
elongated,' narrow  linear,  with  suddenly 
attenuated,  obtuse,  reflected  apices,  and 
a  row  of  puncta  on  one  margin. 

N.  insignis  (Greg.).  —  Front  view 
broadly  linear,  with  rounded  ends  and 
conspicuous  marginal  puncta  and  strife ; 
valves  linear  lanceolate,  straight  or 
slightly  sigmoid,  with  subcentral  keel 
and  30  distinct  strire  in  -001".  Greg. 
MT.  V.  pi.  1.  f.  46.  Marine.  Scotland. 
Distinguished  fe'om  N.  sigmoidea  and  N. 
Brehissonii  by  its  straight  fr'ont  view; 
and  fr-om  N.  scalaris  by  its  finer  markings, 
more  slender  form,  and  nondilated  ends. 
Greg. 

N.  gigantea  (E.).— Very  large,  Imear, 
with  suddenly  rotmded  ends;  valves 
with  attenuate  subacute  apices  ;  sui-face 
finely  striated  in  the  intervals  of  the  pm- 
n\Aes.  =  Synedra  gigantea,  ERBA.  1841, 
p.  22  ;  Synedra '  Lihyca,  KSA.  p.  48. 
Oasis  of  Jupiter  Ammon,  1-60". 

N.  linearis  (Ag.,  S.).— Front  view 
linear,  with  roimded  or  ti-uncate  apices 
and  nearly  central  keel ;  pimcta  m  a 
sinele  row;  strife  obscm-e.  SBD.  i.  p. 
39,  pi.  13  &  pi.  38.  f.  110.  =  FrustuUa  hne- 
ar'is  As.    Freshwater.  Europe. 

N.  Palea  (K.,  S.).— Front  view  linear ; 
valves  narrow,  lanceolate,  acute.  bBi). 
ii.  p.  8Q.=  Synedra  Palea,  KB.  p.  63,  t.  4. 
f.  2 ;  Synedra  Fusidimn,  KB.  p.  64,  t.  30. 
f.  33  ;  Synedra  fusidioides,  Rab  D.  p.  oo, 
t  4  f .  47.  Em-ope.  Frustules  minute. 
'  N.  tenuis  (S.).— Front  view  linear, 
ti-uncate;  valves  nan-ow,  lanceolate, 
acute ;  sti-ias  obscure.  SBD.  i.  p.  40,  pi. 
18.  f.  111.    Fresh  water.  England. 

2t  Extremities,  in  front  view,  with  a 
hyaline  wing  or  expansion  on  each  side. 

N.  spatJndata  (Breb.).— Front  view 
lanceolate,  with  the  truncate  ends  dilated 


on  each  side ;  valves  lanceolate  acute, 
with  a  single  row  of  puncta.  SBD.  i. 
p.  40,  pi.  31.  f.  2G8.  Marine.  France 
and  England. 

N.  distans  (Greg.). — Front  view  broad, 
sublinear,  with  distant  irregularly  dis- 
posed marginal  puncta ;  apices  truncate 
with  a  slight  hyaline  expansion  on  each 
side.  GDC.  p.  rj8,  pi.  6.  f.  103.  Marine. 
Scotland.  Valves  lanceolate,  with  acute 
apices  and  centi-al  keel. 

N.  hyalina  (Greg.). —Front  view  sub- 
linear,  with  small,  regular  marginal 
puncta;  valves  nan-ow  linear,  with  con- 
tracted, produced  apices  and  central  keel. 
GDC.  p.  58,  pi.  6.  i.  104.  Marme.  Scot- 
land. Keel  apparently  double ;  but  per- 
haps one  is  seen  through  the  very  hyaline 
valve.  Greg. 


3  t  Front  view  lanceolate. 

N.  angidaris  (S.).— Front  view  rhom- 
boid-lanceolate, ti-uncate ;  valves  lanceo- 
late, with  central  keel ;  puncta  in  a  single 
series  and  longitudinal  lines.  SBD.  i.  p. 
40,  pi.  13.  f.  117.  Maiine.  Sussex. 
This  and  the  following  species  ought 
perhaps  to  be  placed  in  Ceratoneis. 

N.  lanceolata  (S.).— Front  view  broadly 
lanceolate,  acute  ;  valves  lanceolate,  ros- 
trate, acute,  with  eccentric  keel  and 
longitudinal  lines.  SBD.  p.  40,  pi.  14. 
f.  118.    Marine.  Sussex. 

Doichtful  or  insufficiently  described  Species. 

N.  valeiis  (E.).  —  Veiy  large,  broadly 
linear,  finely  striated,  with  ti-uncate  ends. 
=  Synedra  miens,  EA.  t.  3. 2.  f.  6.  Fresh 
water,  (xn.  44.)  Mexico  and  United 
States. 

N.  curvula  (K.).— Elongated,  curved; 
front  view  slightly  attenuated  towai-ds 
the  tnmcate  apices ;  valves  acuminated, 
subacute,  sometimes  with  a  longitudinal 
punctate  line.  =  Synedra  curvula,  KB. 
p.  65,  t.  15.  f.  2.   Fresh  water.  Pmssia. 

1-240".  , 

N  Ehrenhergii  =  Si/ncdra  amphdepta, 
EM.  pp.  34-5,'f.  11.  Cape  Verd.  Elon- 
o'ated,  straight,  linear,  with  sti-iated  mar- 
gins and  acutely  cuneate  apices. 


PFRATONEIS  (Ehr.).— Frustules  as  in  Nitzschia,  but  with  long 
?T         w  tmX  mth  a  more  or  less  evident  central  pseudo-nodule. 
L  siiX  ate  eLrL^  some  of  its  species,  made  Ceratoneis  a  sec-. 
Tm^nL  and  perhaps  was  justified  in  so  doing;  but  as  the  forms 
tron  ot  fl^^^^^'l'^^^^^  for  their  fihform  beaks,  and  there  is  some 

included  m  it  J^^^ J™^^^^  ^^^^  retained  the  genus,  at  east  for  the 
appearance  of  a  central  n^^^^^  ,  ^^^^^^^.^     ^^^^^       ^  ^^^^ 

present     ^ome  of  the  species  Diatomacete  and  the  Desmi- 
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an  affinity,  rather  proves  it  does  not 
place  across  the  lunate  frond,  or  in  the 
it  occurs  in  the  opposite  direction. 

CF.r.ATONEis  hngisdma  (Br(5b.^. — 
Valves  lanceolate,  with  very  long  sti-aight 
slender  awns,  a  siibcenti-al  keel,  a  single 
row  of  puncta,  and  obsciu'e  stiioe.  KSA. 
p.  891.  =  Nitzschia  hirostrata,  SBD. 
i.  p.  42,  pi.  14.  f.  119.  Mai-ine.  France, 
England.  Front  Adew  sti-aight,  with 
lanceolate  middle,  and  long;  linear, 
truncated  beaks,    (iv.  22.) 

C.  Closterimn  (E.). — Front  view  arcu- 
ate, with  lanceolate  middle,  and  long, 
filiform,  incui"ved  awns ;  valves  faintly- 
striated,  with  centi-al  keel  and  a  single 
row  of  pimcta.  Ehr.  leb.  Kreidethierchen. 
t.  4.  f.  7.  =  Nitzschia  Closterimn,  SBD. 
i.  p.  42,  pi.  15.  f  120.  Eui-ope.  (xii.  59.) 

C.  reversa  (Sm.). — Front  view  lanceo- 
late, with  long  beaks,  the  exti-emities 
of  .which  are  bent  in  opposite  direc- 
tions ;  pimcta  obsolete ;  sti-ise  obscuje, 
48  in  •001".  =  Nitzschia  reversa, 
SBD.  i.  p.  43,  pi.  15.  £  121.  Brackish 
water.  Em'ope. 

C.  spiralis  (K.).  —  Lanceolate,  with 
long,  flat,  spirally-twisted  beaks.  KB.  p. 
104,  t.  4.  i.  38.  Marine.  Europe,  (xin.  9.) 

C.  suhulata  (Breb.). — Lanceolate  su- 
bulate, very  slender,  smooth,  gi-adually 
tapering  into  slender  beaks,  which  are 
sometimes  sti-aight,  sometimes  cm-ved  or 
sigmoid.  KSA.  p.  89.  Marine.  France. 


exist.  In  the  Closteria,  division  takes 
shortest  diameter,  whilst  in  this  genus 

0.  acicularis  (K.).— Front  view  naiTOw 
linear ;  valves  lanceolate,  with  sti-aight, 
slender  beak;  striae  ohscme.^ Synedra 
adcidaris,  KB.  p.  63,  t.  4.  f.  3;  Nitzschia 
acicularis,  SBD.  p.  43,  pi.  15.  f.  122.  Fresh 
water.  Europe. 

C.  gracilis  (Breb.).— Elongated,  veiy 
slender,  linear,  with  rather  obtuse 
straight,  cm-ved,  or  sigmoid  beaks ;  striae 
obscure.  KSA.  p.  89.  =  Nitzschia  Tania, 
SBD.  p.  43,  pi.  15.  f.  123.  Fresh  or  brack- 
ish water.  Em-ope. 

Douhtful  Species. 

C.  Cretce  (E.).  —  Smooth,  navicular, 
very  slightly  constiicted  at  the  middle, 
with  acute,  straight,  not  much  produced 
apices.  ERBA.  1844 ;  Microg.  pi.  22. 
f  61.  Fossil.  Sicily.  The  figm-e  shows 
a  distinct  median  line  and  nodule. 

C.  laminaris  (E.). — Broadly  lanceolate, 
with  striated  margins  and  short  rostrate 
apices.  EA.  t.  3.  7.  f.  24.  Asia  and 
America.  Valve  with  median  line  and 
centi-al  nodule. 

C.  Linea.  =  Synedra  Linea,  EM.  pi.  18. 
f.  78.  Fossil.  Virginia.  Lanceolate,  with 
punctated  margins,  and  narrow-linear, 
rosti-ate  ends. 

C.  rhomboides  (E.). — ^India. 


Genus  AMPHIPLEUEA  (Kiitz.). — Fnisttdes  simple,  elongated;  valves 
with  longitudinal  ridges.  An  ill-defined  genus,  the  species  of  which  differ 
considerably  in  their  appearance. 


A^EPHrPLEUBA  pellucida  (K.). — ^Fms- 
tules  slender,  hyaline  ;  valves  narrow 
lanceolate,  with  rather  obtuse  apices. 
KB.  p.  103,  t.  3.  f  32 ;  SBD.  pi.  15.  f.  127. 
=  Navicida  pellucida,  Ehr  Inf.  t.  13 ; 
Aidacocystis  pellucida,  Haas  Algse,  p.  427, 
pi.  102.  f  8.  Fresh  water.  Europe, 
(iv.  30,  IX.  140  &  xm.  1.)  1-300"  to 
1-140".  Frustides  often  connected  in 
flat,  longitudinal  band-like  series  by  a 
mucous  covering. 

A.  Daiiica  (K.). — Lanceolate,  obtuse 
or  truncated,  smooth.  KB.  p.  103,  t.  30. 
f.  38.    Marine.    Europe.  1-390". 

A.  rigida  (K.).  —  Elongated,  linear 
lanceolate,  with  truncate  ends;  front  view 


sti'aight;  valves  slightly  sigmoid.  KB. 

g.  104,  t.  4.  f.  30.  =Amphipleura  si(/moidea, 
BD.  i.  p.  45,  pi.  15.  f  128.  "Marine. 
Europe,  (xm.  2.)  It  forms  brown 
stain-like  patches  on  marine  rocks,  and 
scarcely  changes  colom*  when  gathered. 

A.  inflexa  (Breb.). — Valves  linear,  In- 
nately curved,  slightly  attenuated,  some- 
what constricted  beneath  the  rounded 
apices.  KSA.  p.  88.  Mai-iue.  (iv.  31.) 
France  and  Bntain.  1-430"  to  1-336". 
StrisB  close,  usually  very  indistinct.  In 
mode  of  growth  and  colour  it  resembles 
A,  rigida,  but  changes  to  a  green  colour 
as  soon  as  gathered. 


FAMILY  v.— SURTRELLE^. 


Frastules  prismatic  or  suhdisciform  ;  strite  of  the  lateral  sm-faces  cither 
interrupted  by  a  longitudinal  line  or  radiate.    The  SuriroUefe  comprise  by  no 
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means  a  satisfactory  group,  and  wo  believo  that  Synedra  and  the  other  genera 
with  wand-hke  frustiUes  should  be  removed  from  this  family  whether  they 
be  united  to  the  Fragilaiieaj  or  retained  together  as  a  distinct  family ;  but  the 
obiect  of  this  work  is  rather  to  present  an  epitome  of  what  has  already  been 
done  than  to  introduce  any  extensive  alterations.  "  The  genus  Campylo- 
discus  is  near  to  the  Melosire^,  but  the  disk  is  not  circular  but  eUiptical 
Snrii-eUa  and  the  free  frustules  of  Synedra  are  related  to  the  Naviculese,  but 
thev  want  the  middle  clearly- defined  nodule  in  the  secondary  sides  J3acil- 
E  S  closely  allied  to  the  Fragilariea,,  especiaUy  to  Diatoma ;  but  the  stn^ 
o?The  frustii  are  interrupted  in  the  middle,  while  m  Diatoma  they  are 

pervious  Comparing  together  the  genera  Campylodisciis,  feumeUa,  Bacd- 

FairS^edra,  it  is  easily  perceived  that  the  last  two  only  deviate  from  the 
rTgUarie^  b;  the  character  of  interrupted  stri^ ;  and  the  fii-st  t^,  ^e-atog 
sensibly  in  the  succession  of  species  from  the  cii'cular  shape  of  the  lateial 
s  Sacel  or  of  the  transverse  section,  estabhsh  a  transition  between  the 
MelosirejB,  and  the  group  formed  of  these  two  genera,  along  with  the  Fra- 
Slari^  and  the  Me^idiei.  Hence  it  is  impossible  to  estabhsh  an  organo- 
Irap W  ch^^^^^^  that  shall  embrace  the  entii'e  family  and  stnctly  represent 
its  type."  (Meneg.) 

roTiina-RArTLLAEIACGmel.).— Frustules  linear,  straight,  united  into  a 
sho^fbanf  S^nfou^^^^^^  otL  by  a  sliding  motion  without  separahon ; 
vaSes  h^^g  a  Wtudinal  punctated  keel.    The  elongated  wand-hke  frn.- 

added  the  parallelism  of  the  primary  surfaces.  (Menegh.) 

late,  hyaline ;  sti-ite  obsolete.  Uonkm, 
TMS.  vi.  p.  16,  pi.  3.  f.  12.  Marme. 
England,   (iv.  19.) 

B.  sociaKs  (Greg.).— Valves  lanceolate, 


«  Ft-ustules  united  into  a  short  hand. 
Bacillabia  paradoxa  (Gmel.).  — 
Valves  linear  lanceolate,  E  inl.  p.  iJO  j 
SBD.  pi.  32.  f.  279.  Ditches  m  salt 
marshes.  Em-ope.  (iv.  18 ;  K.  Ibb, 
167.) 

2  *  Frustules  bundled. 
B.  cursoria  (Donkm).— Valves  lanceo- 


with  fine,  but  distinct,  transverse  stnffi. 
=  mtzschia  socialis,  Greg.  1Mb.  v.  p. », 
r)l  1  f  45.  Maiine.  Scotland.  Fi-ustules 
in  groups,  sti-ife  30  to  36  in  •001.  Greg. 


TTOMrpnrT  A.DIA  f  Ag. ).  —  Frastules  baciUar,  Nitzschoid,  within 
Genus  H0M.UiU01,iUJiA  t^o-^      fli^^pnf.,    The  frustules  are  usuaUy 
snbular,  submembranaceous,  branched  fi^ament^^^  ihe  n 
fasciculated;  and  theii'  structiu^e,  which  is  that     ^he^enus  ,  ^ 

rates  the  present  from  the  other  frondose  genera   Sm.  .    When  ansa, 
fitments  become  opake,  and  usuaUy  acquu-e  a  metalhc  lustre. 


HoMCEOCLADiA  Murtima  (Ag.).— 
Frond  umbellately  branched,  membrana- 
ceou^s,  rugose,  opake  when  dried  ;  frustules 
c  owded,"linea^  elo-8-ted'  °^fg- 
CD.  p.  25 ;  KB.  p.  HO,  t.  3p.  f.  83. -H. 
AngUea,  Ralfe,  Annals  ^J^-^f  ^^jgl^ 
Marine.  Europe,  (r^- 2, 3  ;jav^47-49;) 


cent,  and  of  a  dark  ohve-colou^^^^^       ,  Horn  ^  (K.).-Vei7  much  and 

metallic  lustre  and  transversely  ^^niKiea  ,  ^^^^^^^^^^^^^^^  branched,  upper  branches 

when  dried 


ILAnqlica  (Ag.). -Fi-ond  tnchoto- 
mous  beiow,  diehotomous  above,  opake 
when  dry,  scarcely  rugose  jfrustides  ._en' 
lono-  linear,  obtuse.  Ag  CD  p.  25;  KB. 
t  30  f  82.  France  and  England.  Does 
not  adhere  to  paper.  We  are  unabje  to 
determine  from  the  fragments  ^^e  liaAe 
examined  whether  this  is  ti-idy  distmct 
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fascicular,  capillary,  spuriously  joiuted ; 
frustulos  linear,  elongated,  obtuse, 
smooth.  KB.  p.  Ill,  t.  22.  f.  11.  Ma- 
rine.   Venice.  1-7". 

H.  dilatata  (K.).— Much  branched,  se- 
taceous, branches  fastigiate,  incrassated 
above,  clavate ;  fasciculi  closely  conti- 
guous :  frustules  linear,  elongated,  acicu- 
lar,  obtuse.  ItB.  p.  Ill,  t.  23.  f.  1.  Ma- 
rine.   Adi'iatic.  1-12". 

H.  moniliformis  (Kiitz.). — Capillai-y ; 
branches  slender,  elongated,  moniliform ; 
fasciculi  of  frustules  remote;  frustules 
veiy  long  linear,  obtuse.  KB.  p.  110, 
t.  22.  f.  10.    Adi'iatic.    (xw.  45, 46.) 

H.  pumila  (Ag.,  K.). — In-egularly  di- 
vided into  equal,  obsoletely-articulated, 
capiUary  branches ;  frustules  short  linear, 
■with  roimded  ends.  KB.  p.  110,  t.  22. 
f.  9.  =  Schizonema  pumilwin,  Ag  OD.  p.  16. 
Adi-iatic.    (xiv.  37, 38.) 

H.  penicillata  (Kiitz.).  —  Fastigiately 
branched ;  branches  divaricate,  fasti- 


giately divided ;  tenninal  ramuli  white, 
in  pencils;  primary  tube  thick,  gelati- 
nous cartilagmous;  fi-ustules  densely  ag- 
gregated, slender,  linear  acicular,  very 
narrow.    KSA.  p.  97.  France. 

I-I.  luhrica  (Me.,  K.).  —  Gelatinous, 
green,  setaceous,  for  the  most  part_  di- 
vided at  the  apex;  frustules  fascicu- 
late, densely  aggregated,  linear.  KSA. 
p.  98.  =  Schizonema  luhricum,  Menegh. 
Adriatic. 

ll.Jilifonnis  (S.). — Frond  simple ;  fas- 
cicles of  3  or  4  fi-ustules ;  fi-ont  view 
linear-lanceolate,  obtuse ;  valves  linear 
lanceolate,  subacute.  SBD.  ii.  p.  80,  pi. 
55.  i.  348.  Brackish  and  fresh  water. 
England,  (rv.  25.) 

H.  sigmoidea  (S.). — Frond  simple; 
fi-ustules  ii-regidarly  fasciculated  in  bim- 
dles  of  about  6;  front  view  sigmoid; 
valves  linear,  with  attenuated  ends.  SBD. 
ii.  p.  81,  pi.  55.  f.  349.  Brackish  water. 
Britain,  (iv.  26.) 


Genus  SYNEDEA  (Ehr.). — Frustules  elongated,  wand-Uke,  attached  by 
the  lower  end,  lateral  surfaces  equal  to  or  less  than  the  front  view,  traversed 
by  a  smooth  median  longitudinal  line.  The  true  species  of  Synedra  are 
distinguished  from  aU  other  genera  by  their  wand-hke  form  and  attachment 
by  one  end.  They  are  usually  either  fasciculated  or  fixed  to  a  distinct  stipes 
in  a  fan-like  manner.  "  As  to  the  organogi-aphical  considerations  which  can 
he  instituted  in  this  genus,  they  reduce  themselves  to  the  single  one  of  length 
predominating  over  breadth  and  the  eminently  hacillary  form  derived  from  it. 
Thus  Kiitzing  observed  of  the  opposite  characters  of  Synedra  and  Surirella, 
that  the  lateral  surfaces  exceeded  in  one  the  primary  surfaces  in  the  other." 
Several  of  the  species  at  present  placed  in  this  genus  may  prove,  when  better 
known,  to  belong  to  Nitzschia. 

broadly  linear  ;  valves  oblong-elliptic, 
with  somewhat  rounded  apices.  KB. 
p.  63,  t.  3.  f.  29.    Carlsbad.  1-1800". 

S.  angustata  (K.).  Front  view  very 
narrow  linear;  valves  broader,  oblong, 
with  attenuated,  rather  obtuse  apices. 
KB.  p.  64,  t.  4.  f.  1,  3.  Hot  springs. 
Italy.  1-720". 

S.  virginalis  (K.). — Front  view  linear, 
truncate,  with  attenuated  centre ;  valves 
lanceolate.  KB.  p.  64,  t.  3.  f.  15.  Genoa. 
1-600". 

S.  ventricosa  (Rab.). — Front  view  nar- 
row linear;  valves  ventiicose,  with  sliort, 
produced,  beak-like  apices.  Rab  D.  p.  62, 
t.  4.  f.  36.  Apennines. 


*  Minute ;  attachment  slight ;  strife 
indistinct  or  obsolete. 

Synedha  quadrangida  (K.).  —  Very 
minute,  in  one  view  narrowly  linear,  in 
the  other  broad  quadi-angular.  KB.  p. 
63,  t.  3.  f.  23.    Marine.  Norway. 

S.  Atomus  (K.,  Niig). — Very  minute,  in 
one  view  elliptic  with  rounded  apices, 
in  the  other  linear  truncate.  KSA.  p. 
40.  =  Amphora  Atotnus,  KB.  t.  30.  f.  70 ; 
Synedra  minutissima,  j3  pelliculosa,  K. 
(according  to  M.  de  Br^bisson).  Fresh 
water.  Europe. 

S. perjmsilla  (K.). — Veryminute;  front 
view  very  narrow  linear ;  valves  lanceo- 
late, contracted  near  the  obtuse  apices. 
KB.  p.  63,  t.  3.  f.  31.  Venice. 

S.  Biasolettiana  (K.). — Very  minute ; 
fi-ont  view  very  narrow  linear,  arcuate ; 
valves  lanceolate,  obtuse.  KB.  p.  63,  t 
3.  f.  22.   Fresh  water.  Trieste. 

S.  pusilln  (K.).— Minute ;  front  view 


2  *  Frustules  in  lateral  view  arcuate. 

S.  lunaris  (E.). — Valves  nan-ow,  linear, 
arcuate,  slightly  attenuated,  obtuse ; 
striiD  faint,  36  in  -001".  EI.  t.  17.  f.4; 
SBD.  i.  p.  69,  pi.  11.  f.  82.  Fi-csh  water. 
Common.    Europe,  Asia,  and  America. 

3  B 
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(X.  185.)   Frustules  aifixed,  often  aggre- 
gated. 

S./«fca!;a(K.).— Valveaarcuate,linear, 
with  obtuse  apices,  faint  striiB,  undulated 
venter.    KSA.  p.  43.  Paris. 

S.  hilunaris  (E.).  —  Valves  linear, 
ciu-ved,  biluuate,  obtuse,  attached,  more 
attenuated  at  base ;  stiiae  obscure.  EI. 
1. 17.  f.  5.  Freshwater.  Europe.  Valves 
bent  inwards  at  the  middle,  so  as  to  be- 
come bUunate. 

S.  longissima  (Sm.).— Valve  much  elon- 
gated, slightly  and  gradually  attenuated, 
with  capitate  apices ;  stiiaB  28  in  -001". 
SBD.  i.  p.  72,  pi.  12.  f.  95.  Botanic  Gar- 
den, Belfast.  la  this  distinct  from  S. 
hiceps  ? 

S.  J»ce23«(K.).— Much  elongated;  valves 
very  slender,  gradually  attenuated,  with 
capitate  apices  and  distinct  transverse 
stria}.  KB.  p.  66,  t.  14.  f.  18.  Fresh 
water.  Europe.  1-100"  to  1-60".  Front 
view  linear,  with  striated  margins,  some- 
times dilated  at  the  ends. 

S.  alpina  (Nag.).  —  Slender,  famtly 
striated  ;  front  view  straight,  Imear ; 
valves  arcuate,  very  narrow  lanceolate, 
with  produced  capitate  apices.  KSA. 
p.  43.    Switzerland.    1-600"  to  1-336". 

S.  subarcuata  (Nag.).— Small ;  front 
view  straight,  lineai-,  valves  slightly  ar- 
cuate, with  produced  capitate  apices. 
1-2400"  to  1-1200".  Switzerland.  Like 
S.  alpina,  but  only  half  the  size.  Rab. 

S./ea;!<osa(Br(5b.).— Frontviewbroadly 
linear ;  valves  linear,  cm-ved,  sometimes 
iiexuose,  with  capitate  apices  and  very 
Ene  transverse  st^isd.  —  jEunotia  flexuosa, 
KSA.  p.  6 ;  &  hiceps,  SBD.  i.  pi.  H.  f-  83. 
Freshwater.  France,  England.  ^, valves 
two  or  three  times  flexed.  Differs  from 
S.  hiceps  in  having  linear,  not  tapermg 

valves.  ^ 

S.  pachycephala  (K.).  — Front  view 
slender,  linear;  valves  linear,  slightly 
arcuate,  with  claviform  apices  and  indi- 
stinct stri£8.  =  Eunotia  pachycephala, 
KSA.  p.  6.    Fresh  water.  Em-ope. 

S.  arcuata  (Nag.). —Smooth  ;  front 
view  straight,  linear,  with  truncate  ends; 
valves  linear,  arcuate,  with  rounded 
apices.    KSA.  p.  890.  Switzerland. 

S.  gihhosa  (R.).— Front  view  linear; 
valves  arcuate,  tapering  to  the  slightly 
constricted  recurved  apices ;  venter  con- 
cave, gibbous  at  the  middle  =iV-«r»cu  fl 
Arci^^l.  p.  182 ;  Cymhclla  Arcus,  HBA. 
p.  429;  Ceratoneis  Arcm,J^i.  p.  104, 
t  6  f.  10;  Eunotia  Arcus,  SBD.  i.  p.  15, 
Til  2  f  15.  Fresh  water.  Europe.  I  jie 
frnstulos  are  alRxed,  as  in  other  species 
of  Synedra. 


S.  hamata  (S.).  —  Valves  linear  or 
linear-lanceolate,  A\ath  suddenly  con- 
stricted, produced,  incm-ved  apices ;  striaj 
marginal,  30  in  001".  SBD.  i.  p.  73,  pi. 
30.  f.  264.    Fresh  water.  Sussex. 


3  *  Valves  straight,  with  a  circular,  defi- 
nite central  pseudo-nodule. 

S.  pulchella  (Ralfs,  Kiitz.). — ^Frustules 
in  fan-shaped  clusters  on  a  conipressed- 
dichotomous  stipes ;  valves  lanceolate, 
obtuse,  with  a  median  umbilicas.  KB. 
p.  68,  t.  29.  f.  87;  SBD.  i.  p.  70,  f.  84.= 
Ctenophora  ptdchella,  Breb.,  Synedra 
Vertebra,  Greg.  MJ.  iii.  pi.  4. 1 22.  Ponds 
and  slow  streams.  England  and  France. 
Striffi  33  in  -001",  Sm. 

S.  minutissima  (K.). — ^^''ery  minute  ; 
front  view  narrow  linear ;  valves  lanceo- 
late, rather  obtuse;  strife  36  in  -001". 
KB.  p.  63,  t.  3.  f.  30;  SBD.  pi.  11.  f.  87. 
Fresh  water.  Eui-ope. 

S.  gracilis  (K.).  —  Frastules  afiixed, 
scattered ;  valves  lanceolate,  acute,  with 
amedianpseudo-nodvde.  KB. p.  64, 1. 15. 
f.  8 ;  SBD.  i.  p.  70,  pi.  11.  f.  85.  Marine. 
Europe.    Strise  obscm-e,  39  in  -001",  Sm. 

S.  Smithii  (R.).— Frustules  irregularly 
affixed;  valves  lanceolate,  acute,  with 
36  very  faint  stiiae  in  -001."  =  Synedra 
adcidaris,  SBD.  i.  p.  70,  pi.  11.  f.  86. 
Brackish  water.  England. 

4*  Valves  with  very  long  awn-like  beaks 
(Toxarium)  ;  nodule  obsolete. 
S.  undidata  (BaUey).— Valves  slender, 
lanceolate  at  the  middle,  tapeiing  into 
very  long,  linear,  imdulated  awns,  with 
clavate  apices.  SBD.  ii.  p.  97;  Greg.DC. 
p.  59,  pi.  6.  f.  107.=  Toxarium  undulatum. 
Bailey,  MO.  p.  15,  figs.  24,  25.  Marine. 
America  and  Europe.  Front  view  linear, 
broader ;  valves  arcuate  or  straight,  with 
24  moniliform  strife  in  -001". 

S.  Hennedyana  (Greg.).— Frustules  as 
in  S.  undidata,  but  the  awns  not  undu- 
late. GDC.  p.  60,  pi.  6.  f.  108.  Marme. 
Scotland. 

6  *  Fmstides  affixed,  aggregated  or  scat- 
tered; pseudo-nodule  obscure  or  m- 
definite. 

S.parvula  (K.).— Front  view  linear, 
truncate ;  valves  broad  lanceolate,  acute. 
KB.  p.  64,  t.  30.  f.32.  Fresh  water.  Ger- 
many and  France.  1-1200".  Sometimes 
free,  sometimes  attached  and  densely 
ao-o-refjated  in  a  radiant  manner. 
"S.  subtilis  (K.].  —  Slender,  radiant ; 
valves  naiTow  linear-lanceolate,  very 
acute.    KB.  p.  04, 1. 14.  f.  2  a.  =Nancida 
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Actis,  E  Inf.  p.  17G,  1. 13.  f.  4.  (ix.  147.) 
Germany  and  Fi-anco. 

S.  dissipnta  (K.).  — Slender,  affixed, 
radiant ;  front  view  narrow  linear,  ti-un- 
cato;  valves  naiTOW  lanceolate,  acute. 
KB.  p.  64,  t.  14.  f.  3.  =  S.  fasciculuta, 
EI.  t.  17.  £  3.  Fresh  water.  Eui-ope, 
Australia,  and  Asia. 

S.famelica  (K.).— Delicate, irregularly 
aggregated,  very  naiTow  linear,  truncate 
in  lateral  view,  fi-ont  view  rather  acute. 
KB.  p.  64,  t.  14.  f.  8. 1.  Fresh  water. 
Gennany.  Is  a  somewhat  larger  form  of 
S.  dissipata,  Rab. 

S.  radians  (K.). —Delicate,  densely 
aggregated,  radiant ;  front  view  very  nar- 
row linear,  truncate ;  valves  narrow  lan- 
ceolate, rather  obtuse.  KB.  p.  64,  t.  14. 
f.  7.  Europe.  1-600".  A  minute  species. 

S.  tenmssima  (K.).  —  Very  slender, 
elongated;  front  view  exactly  linear, 
ti'imcate ;  valves  acicidar,  acute.  KB. 
p.  64,  t.  14.  f.  6.  Stagnant  waters. 
Germany  and  France.  1-180". 

S.  tenuis  (K.). — Slender,  elongated; 
front  view  exactly  linear,  truncate ; 
valves  narrow  lanceolate,  with  some- 
what obtuse  apices.  KB.  p.  65,  t.  14. 
f.  12.  Fresh  water.  Gennany  and 
France.  1-168". 

S.  Acida  _(K.).  —  Slender,  elongated, 
lanceolate,  in  front  view  truncate,  in 
lateral  view  veiy  acute.  KB.  p.  65,  1. 14. 
f.  20.  Fresh  water.  Dalmatia  and 
France.  1-72". 

S.  Imvis  (E.).— Slightly  and frregulaiiy 
affixed  ;  front  view  slightly  attenuated, 
truncate;  valves  more  attenuated,  ob- 
tuse. EA.  t.  2,  6.  f.  2.  Marine.  Eui-ope 
and  America.  1-130". 

S.  gracillima  (Rab.). — Front  view 
elongated,  very  narrow  linear;  valves 
linear,  acicidar,  acute.  Rab  D.  p.  53, 
t.  4.  f.  20  d,  e.  Dresden. 

S.  salina  (S.).  —  Valves  lanceolate, 
gi'adually  tapering  towards  the  somewhat 
obtuse  apices  ;  striae  distinct,  32  in  -001". 
SBD.  i.  p.  71,  pi.  11.  f.  88.  Marine. 
England. 

S.  apiculata  (Rab.), — Very  slender ; 
valves  linear,  acicular,  with  shortly 
tapering  apices,  faintly  striated.  Rab  D. 
p.  50,  t.  5.  f.  20  a,  b,  c.  Dresden. 

S.  ampliicephala  {K.y. — Slender;  front 
view  linear,  tmncato;  valves  narrow 
lanceolate,  tapering,  with  capitate  apices. 
KB.  p.  64,  t.  3.  f.  12.  Fresh  water. 
Germany.  1-360". 

S.foniinalis  (S.). — Frustules  scattered ; 
valves  linear-lanceolate  or  elliptic-lan- 
ceolate, with  produced,  snbcapitate 
apices ;  nodule  indefinite ;  stviva  27  in 


•001",  Sm  ANH.  1857,  p.  9,  pi.  1.  f.  9. 

Fresh  water.  Pyi-enees. 

S.  ffibba  (E.).— Smooth,  fasciculated, 
elongated,  narrow  linear;  valves  broadly 
tumid  at  the  middle,  with  ^  gi-adually 
attenuated,  obtuse  apices.  EA.  p.  137. 
United  States. 

S.  delicatissiina  (S.).— Valves  elon- 
gated, very  narrow,  gradually  tapering 
to  the  subacute  apices ;  sti-iae  27  in  -001' . 
SBD.  i.  p.  72,  pi.  12.  f.  94.  Pseudo-nodule 
indefinite. 

S.  tenera  (S.).  —  Fnistules  clustered ; 
valve  nearly  linear  or  attenuated  towards 
the  slio'htly  iniiated  apices ;  nodule  inde- 
finite ;  striiB  60  in  -001".  SBD.  ii.  p.  98. 
Fi-esh  water.  Britain.  In  outline  not 
unlike  'S'.  delicatissima,  but  far  smaller 
and  with  more  delicate  sti'ise,  Sm. 

S.  lanceolata  (K.). — Front  view  nar- 
row linear,  with  slightly  dilated  apices ; 
valves  lanceolate,  distinctly  striated,  with 
a  blank,  rhomboid  median  space.  KB. 
p.  66,  t.  30.  f.  31.  America.  1-600"  to 
1-310". 

S.  debilis  (K.). — Minute;  fi-ont  view 
slightly  attenuated,  trimcate,  with  obso- 
letely  striated  margins;  valves  lanceo- 
late, with  produced  apices.  KB.  p.  65, 
t.  3.  f.  45.  =  S.  porrecta,  Rab  D.  p.  55, 
pi.  4.  f.  27.  Stagnant  waters.  Eui'ope, 
common. 

S.  mesolepta  (K.). — Delicate;  fi-ont 
view  dilated  at  the  ends ;  valves  lan- 
ceolate, cui-ved  or  slightly  sig-moid. 
KB.  p.  66,  t.  30.  f.  30.  America. 
1-W. 

S.  notata  (K.). — Small,  with  obsoletely 
sti-iated  margins;  fi-ont  view  quadi-an- 
gular;  valves  eUiptic-oblong,  with  ob- 
tuse ends.  KB.  p.  65,  t.  3.  f.  33.  Stag- 
nant waters.    Europe.  1-650". 

S.  Marterisiana  (K.).  —  Small,  di- 
stinctly sti-iated ;  front  view  linear,  trun- 
cate ;  valves  rather  broader,  lanceolate, 
subacute.  KB.  p.  65,  t.  3.  f.  9.  Mai-ine. 
Europe. 

_S.  Vmchertcs  (K.). — Minute;  fr-ont 
view  linear,  trimcate ;  valves  lineai-- 
lanceolate  with  somewhat  produced 
ends,  indefinite  pseudo-nodule,  and  30 
mai-ginal  strire  m  -001".  KB.  p.  65, 
t.  14.  f.  4 ;  SBD.  i.  p.  73,  pi.  11.  f.  99. 
Fresh  water,  especially  on  species  of 
Vaucheria.  Eiu-ope. 

S.  (cqualis  (K.).  —  Front  view  dilated 
at  the  ends  ;  valves  linear,  with  rounded 
apices,  indefinite  pseudo-nodule,  and  24 
strife  in  -001".  KB.  p.  66,  t.  14.  f.  14.  = 
S.  obtusa,  SBD.  i.  p.  71,  pi.  11.  f.  92. 
Stagnant  waters.    Europe.  1-140". 

fe.  inrrsticns  (S.).  —  Valves  linear, 
3e2 
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slightly  attenuated  towards  the  rounded 
apices,  nodule  obsolete;  striae  26  in 
•001".  SBl).  ii.  p.  98.  Marine.  Scot- 
land. , 

S.  acuta  (E.).— Front  view  exactly 
linear,  truncate ;  valves  lineai-,  stnated, 
suddenly  acuminated  near  the  apices. 
EA.  t.  "l.  2.  f.  22.  America,  Asia,  Au- 
stralia, and  Africa.  1-144". 

S.  Oxyrhynchus  (K.).  — Front  view 
linear;  valves  linear,  narrower,  suddenly 
contracted  into  a  beak  at  the  ends.  KB. 
p.  66,  t.  14.  f.  9-11.  Germany.  Ui- 
stingaiished  fi-om  S.  acuta  by  its  con- 
stricted ends. 

S.  vitrea  (K.).— Front  view  with  di- 
lated apices;  valves  linear,  with  sud- 
denly attenuated,  obtuse  ends.  KB. 
p.  66,  t.  14.  f.  17.  France.  Distin- 
guished from  S.  Oxyrhynchus  only  by  its 
dilated  ends  in  the  fi-ont  view,  Rab. 

S.  amphirhynchus  (E.).— Large  ;  fi-ont 
view  linear,  not  dilated  at  the  ends; 
valves  conti-acted  into  obtuse  beaks. 
EA.  t.  3.  1.  f.  25.  Fresh  water.  Eu- 
rope, Africa,  and  America.  1-120"  to 
1-96".  No  large,  median,  smooth  space. 

S.  prcs7norsa  (E.).—Frontview broadly 
lineal-,  with  trimcated,  cimeate  apices; 
valves  linear,  with  roimded  cimeate  ends. 
EA.  t.  3.  6.  f.  11.  Mexico. 

S.  deformis  (S.).— Valves  linear  or 
linear-elliptical,  suddenly  constricted 
towards  the  produced  and  often  distorted 
extremities;  nodide  obsolete;  stnse  36 
in  -001".  SBD.  ii.  p.  98.  Fresh  water. 
Sussex.  . 

S.  Ulna  (E.).— Front  view  exactly 
linear;  valves  linear,  slightly  attenuated 
near  the  obtuse  apices.  E  Inf.  1. 17. 1. 1 ; 
SBD.  i.  p.  71,  pi.  11.  f.  90.  Fresh  water. 
Europe,  Asia,  AustraHa,  Africa,  and 
America,  (x.  184.)  1-280"  to  1-100". 
Sti-ite  24  in  -001",  Sm.  ,       .  , 

S.spletidens  (K.).— Large,  elongated; 
front  view  with  dUated  truncate  ends  ; 
valves  lanceolate,  obtuse.  KB.  p.  66, 
t.  14.  f.  16.  =  &  radians,  SBD.  i.  p.  71, 
in  part.  Fresh  water.  Europe,  Asia, 
and  Africa.  1-72".  Differs  from  S. 
Ulna  merely  in  its  dilated  apices,  Bab. 

S.  Danica  (Ii.).— Slender ;  front  view 
with  dilated,  truncate  ends ;  valves  lan- 
ceolate with  slightly  clavate  apices. 
KB  p.  66,  t.  14.  f.  13.  Stagnant  waters. 
Europe.  1-140".  Is  only  a  more  slen- 
der form  of  S.  spkndms,  Rab. 

S.  m«,soc«miK«  (J5reb.).-Size  and  form 
of  S.  Ulna,  but  in  the  lateral  view  flexed 
a  the  middle.    KSA      44.  France 

S.  cnpitala  (E.).-Valves  Imcar,  av  th 
the  extremities  dilated  into  a  tnangular 


head;  striaj  23' in  -OOr'.  E  Inf.  t.  21. 
f  28 ;  SBD.  i.  p.  72,  pi.  12.  f  93.  Fresh 
water.  Europe,  Asia,  xVlrica,  and  Ame- 
rica, (iv.  29;  X.  185.)  Very  large;  length 
1-120"  to  1-40". 

S.  longiccps  (E.).— Very  large,  in  fomi 
approaching  very  near  to  S.  capitata,  but 
with  stylifonii,  produced  apices.  ERBA. 
1845.  Fresh  water.  America.  1-12" 
to  1-144". 


6  *  Friistules  attachedly  a  distinct,  mostly 
persistent,  stipes ;  pseudo-nodule  obsolete 
or  indefinite, 

t  Frustules  in  fan-shaped  clusters  on  a 
short,  mostly  simple,  stipes. 
S.  Acus  (Kiitz.).— Slender,  smooth; 
front  view  shghtly  attenuated,  truncate ; 
valves  very  naiTow  lanceolate,  acicular. 
KB.  p.  68, 1. 15.  f.  7.  Hamburgh.  1-960". 

S.fumiliaris  (Ii.).— Smooth,  distinctly 
tabellate  and  flabeUately  dismpted ; 
front  view  slightly  attenuated  near  the 
truncate  ends  ;  valves  lanceolate,  acute. 
KB.  p.  68, 1. 15.  f.  12.    France.  1-320". 

S.  parva  (K.).— Minute,  smooth,  nar- 
row linear,  tnmcate  ;  valves  narrow  lan- 
ceolate. KB.  p.  67,  t.  15.  f.  9.  Marine. 
Italy.    1-960".  ' 

S.  socialis  (Rab.).— Front  view  linear, 
with  ti-imcated,  cuneate  ends;  valves 
lanceolate,  distinctly  striated.  Rab  D. 
p.  56,  t.  4.  f.  22.    Fresh  water.  Italy. 

S.  GalUonii  (E.).— Fi-ustules  large,  on 
a  thick,  convex  stipes;  valves  lanceo- 
late ;  sti-ife  36  in  -001",  mten-upted  by  a 
median  line.  E  Inf.  t.  17.  f  2  ;  SBD. 
i.  p.  74,  pi.  30.  f  265.  Marine.  Europe, 
Asia,  Africa,  and  America,  (xn.  34, 36.) 
1-120"  to  1-100". 

S.  fasciculata  (Ag.,K.).—Fnistules  ta- 
bulate, on  a  thick,  hemispherical  stipes ; 
front  view  linear,  with  subattenuate, 
truncate  apices ;  valves  lanceolate.  KB. 
p.  68,  t.  15.  f.  6.=Biatoma  fascicuhtinn, 
AgCD.  p.  51.    Marine.  Common. 

\tahulata  (Ag.,  K.).— Frustides  large, 
on  a  thick,  abbreviated  stipes;  front 
view  broadly  linear,  tnmcate ;  valves 
lanceolate,  viHth  subcapitate  apices ;  strios 
marginal,  27  in  -001".  KB.  p.  68,  t.  15. 
f  10  •  SBD.  pi.  12.  f.  96.  =  Diatoma 
iahuldtum,   AgCD.   p.    50.  Mai-ine. 

Eiu'ope.  ,       ,  ,  ,  1  i 

S.  affinis  (K.).— Frustules  subtabul.itc, 
on  a  hemispherical  stipes:  front  view 
slender,  linear,  wth  subatienuate  trun- 
cate apices;  valves  lanceolate,^  acuto, 
with  32  marginal  strii«  in  -001' .  IvB. 
p.  68,  t.  15.  f.  6,  11;  SBD.  i.  p.  /3. 
Marine.     Europe.     1-320".  Fi-ustules 
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united  in  flabcllate  or  radiating  bundles, 
Sm. 

S.  harbatula  (K.). — Minute,  tabulate ; 
front  view  linear,  truncate,  with  a  ter- 
minal mucous  appendage;  valves  elliptic- 
lanceolate.  KB.  p.  08,  t.  16.  f.  10.  4. 
Marine.    Em'ope.  1-900". 

S.  truncatu  (Grev.). — Frustules  united 
in  tablets,  obscm-ely  stipitate;  front 
view  linear,  ti'imcate ;  valves  lanceolate, 
obtuse.  =Diatoma  and  Exilaria  trimcata, 
Grev. ;  Exilaria  fascicidata,  Hass. ; 
Synedra  fasciculata,  SBD.  i.  p.  73,  pi.  11. 
f.  100.  Fresh  water.  Eui'ope.  StiisB 
40  in  -001",  Sm. 

S.  Areas  (K.). — ^Frustules  flabellate, 
attached  to  a  cushion-like  stipes ;  fr'ont 
view  cm-ved ;  valves  lanceolate,  with  30 
marginal  strife  in  -001.  ICB.  p.  08,  t.  30. 
f.  50 ;  SBD.  i.  p.  73,  f.  98.  (iv.  27.) 
Marine.   Eui'ope  and  America. 

2 1  Frustules  on  an  elongated,  often 
branched,  stipes. 

S.  Elirenhergii  (K.). — Frustules  at- 
tenuated near  the  obtuse  apices,  terminal 
on  a  long,  linear  stipes.  KB.  p.  09, 1. 1 1. 
f.  0.    Fresh  water.  Berlin. 

S.  Saxonica  (K.). — Stipes  a  little  elon- 
gated; fi'ustules  slender;  front  view 
linear,  truncate ;  valves  narrow  lanceo- 
late. KB.  p.  68, 1. 15.  f.  14.  Salt  Lake 
at  Mansfeld.  1-330". 

S.  fidgens  (Grev.,  S.). — Frustules  ter- 
minal on  a  thick,  branched  stipes,  ge- 
minate linear,  trimcate ;  valves  linear, 
inflated  at  centre  and  ends ;  strife  36  in 
•001".  SBD.  i.  p.  74,  pi.  12.  f.  103.= 
Exilaria  fidgens,  Grev. ;  Licmoplwra 
fulgens,  KB.  1. 13.  f.  5.  Maiine.  Europe 
and  America. 

S.  crystallina  (Ag.,  K.). — Frustules 
very  large,  on  a  thickish  abbreviated 
stipes;  valves  linear,  inflated  at  centre 
and  apices ;  stiise  distinct,  26  in  -001". 
ItB.  p.  09, 1. 10.  f.  1 ;  SBD.  pi.  12.  f.  101. 
=  Diatoma  crystallina,  Ag.  Marine. 
Europe.    1-60"  to  1-48". 

S.  siiperla  (K.). — Stipes  somewhat 
elongated;  valves  stout,  linear-lanceo- 
late, with  rounded  ends ;  strice  very  di- 
stinct, 27  in  -001".  KB.  p.  69,  t.  15. 
f.  13.  SBD.  i.  p.  74,  pi.  12.  f.  102. 
Marine.  Em-ope. 

S.  Dalmatica  (K.).— Stipes  somewhat 


elongated  and  branched ;  frustidos  large, 
linear,  slightly  and  gradually  attenu- 
ated at  the  subtrimcate  ends.  KJ3. 
p.  69,  t.  12.  f.  2.  Marine.  Adriatic  Sea. 
Frustxdes  terminal  on  the  branches. 
1-240". 

S.  rohusta,  n.  s.  —  Frustules  Imear  ; 
valves  elliptical,  ends  rounded.  Stria) 
20  in  -001",  interrupted  by  three  equi- 
distant longitudinal  lines.  -0120"  to 
•0175''.    Algaa,  Corsica,   (vin.  3.) 

S.  gigantea  (Lobarz.).— Frustules  very 
long,  delicate,  somewhat  twisted,  linear, 
trimcate ;  valves  very  narrow,  with  di- 
lated, obovate  apices.  Lobarzewslfy, 
LinuEEa,  1840,  p.  276,  t.  6 ;  KSA.  p.  48. 
Marine.  Dabnatia. 

7  *  Frusttdes  connected  in  tablets,  at 
length  separating,  and  adhering  by 
alternate  angles,  as  in  Diatoma. 

S.  rumimis  (Kiitz.). — Tablets  affixed  ; 
fi'ustules  very  narrow  linear,  with  tumid 
obtuse  apices,  adhering  by  alternate 
angles.  KB.  p.  69, 1. 16.  f.  6.  Brackish 
water.    Gennan  coast. 

Doxditful  species  from  Ehrenberg, 

S.  australis.  —  Linear,  striated,  with 
attenuated,  obtuse  apices  in  both  views. 
ERBA.  1840  ;  Microg.  pi.  1.  1.  f.  3.  In 
siliceous  schist  fi-om  the  Philippine 
Islands.  1-432". 

S.  paleacea. — Vei'y  narrow,  smooth, 
with  subacute  apices.  EM.  pi.  1. 1.  f.  1. 
With  the  last.  1-480". 

S.  incurva.  —  Linear,  very  narrow, 
flexuose,  smooth,  round,  or  equally 
quadi-angular.  13RBA.  1844,  p.  272. 
Bermuda.  1-288".  Perhaps  a  Spongo- 
lithis. 

S.  rostrata  (EM.  pi.  9. 1.  f.4,  and  pi.  14. 
f.  44). — Fossil.  France  and  Genuany. 
Valves  elongated,  slender,  linear',  with 
contracted,  conic  apices,  and  ti'ansverse 
strife. 

S.  elegans,  Asia ;  S.  striata,  Asia ; 
S.  lineata,  Asia;  S.  subulata,  Africa; 
S.  curvata,  America. 

S.  doliolus  (Wallich).  —  Fmstulcs 
linear;  valve  subarcuate,  pseudo-nodule 
absent.  Striaj  30  in  -001".  -0020"  to 
•0050".  Salpre.  Indian  Ocean,  Atlantic. 
WaUich,  TMS.  viii.  p.  48,  pi.  2.  f.  20. 


Genus  DESMOGONIUM  (Ehr.).— We  are  unacquainted  with  the  characters 
ot  this  genus  ;  Ehrenberg's  figures  of  it  seem  to  show  a  relation  to  Syncdra. 
the  tablets  (not  smgle  frustules)  being  attached  to  each  other  by  a  connecting 
substance,  end  to  end— an  arrangement  which  simulates  a  filament. 
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Desmogonium  Guicmense. — EM.  t.  84. 
5  A.  f.  3.  Apparently  not  very  uncom- 
mon, since  Ehreuberg  gives  about  50 
habitats  in  Asia,  Afi-ica,  and  America. 


(xv.  13.)  Frustules  not  stipitate;  valves 
without  longitudinal  ridges,  mostly 
broader  than  the  iront  view. 


Gemis  DIMEEEGRAMMA  (IST.,  G.).— Fnistulos  quadrangular,  two  or  more 
together;  valves  scarcely  broader  than  front  view,  haying  the  transverse 
costEe  or  strife  interrupted  by  a  smooth,  longitudinal  median  line.  The  frus- 
tules are  united  as  in  Denticula  or  Odontidium,  from  which  genera  it  is 
distinguished  by  the  longitudinal  median  Hue.  The  structiire  is  probably 
the  same  as  in  Staui'osira  (E.),  the  description  of  wHch,  however,  is  altogether 
inapplicable  to  many  of  the  species  here  assembled 


DiMEiiEGBAM5rA  minor  (Greg.)._  — 
Front  view  with  convex  striated  margins, 
constricted  beneath  the  conic  angles; 
valves  narrow  lanceolate,  with  from  18 
to  20  strong  costte  in  ■001".  =  Denticula 
minor,  GDC.  p.  23,  pi.  2.  f.  35.  Marine. 
Scotland. 

D.  capitatum  (Greg.).  —  Fi'ont  view 
with  convex,  obscurely  striated  margins, 
constricted  beneath  the  dilated  roundish 
fimces.  =  I)enticulata  capitata,  Greg  I.e. 
•a.  22,  pi.  2.  f.  31.  Marine.  Scotland. 
Is  larger  than  B.  nanmn,  with  rounded 
apices.    Side  view  unknown. 

D.  nammi  (Greg.).— Front  view  with 
convex  margins,  constricted  beneath  the 
couic  angles;  valves  broad,  obtusely 
rhomboid,  with  rather  fine  strife.  =-Dew- 
tictda  nana,  Greg  I.  c.  p.  23,  pi.  2.  f.  34. 
Maiine.    Scotland,    (rv.  33.) 

D.  distans  (Greg.-).— Front  view  con- 
stricted beneath  the  conic  angles ;  valves 
broad,  rhombic-lanceolate,  with  strong, 
short  marginal  costte,  and  a  lanceolate, 
blanlr  median  a^ace.  =  Dentimla  dtstans, 
Greg  I.  c.  p.  23,  pi.  2.  f.  36.  Mame. 
Scotland.  Is  larger  than  D.  minor,  and 
its  valves  broader,    (rv.  34.) 

D.  Rhomhus  =  Frarjilaria  ?  Rliombus, 
EM.  pi.  8.  1.  f.  16.  Fossil.  Hungary. 
Valves  broadly  rhomboid,  with  marginal 
costJB,  and  a  smooth  median  space. 

D.  fidvum  (Greg.).— Front  view  elon- 
gated, with  striated  margins,  constricted 
beneath  the  dilated  apices ;  valves  nar- 
row lanceolate,  with  dilated,  subcapi- 
tate  apices;  striae  moniliform,  nearly 
reaching  the  centre.  =  Denticula  fidva, 
GDC.  p.  24,  pi.  2.  f.  38.  Marine.  Scot- 
land. .        -r.      ,  • 

D.  marinum  (Greg.).  —  Front  view 
elono-ated,  linear,  with  striated  margins 
and°8hghtly  produced  angles ;  valves 
linear,  with  gibbous  midd  e  obtuse  y 
conic  apices,  and  about  10  con,rsely 
Siform  strife  in  .  =  DenUcrdu 
marina,  Greg  l  c.  p.  24,  pi.  2.  f.  39 
Marine.  Scotland. 


D.  mutaUle  (Sm.).— FUamenta  elon- 
gated ;  valves  oblong  or  lanceolate,  with 
20  marginal  costae  in  -001".  —  Odontidium 


mutahile,  SBD.  ii.  p.  17,  pi.  34.  f.  290 
Fraqilaria  amphioxys,  EM.  pi.  39.  3. 
f.  53.    Fresh  water.  Eui-ope. 

D.  Leptoceros  (E.).— Valves  rhomboid- 
linear,  with  longly  attenuated,  acute, 
straight  ends,  finely  striated  margins, 
and  a  smooth  median  space.  =P/-«(7!7«/-ia 
Leptoceros,  EEBA.  1844,  p.  82 ;  Odonti- 
dium Leptoceros,  KSA.  p.  13.  North 
America. 

D.  sinuatum  (Thwaites).— Front  view 
Imear,  trimcate;  valves  rhomboid-lan- 
ceolate, with  slightly  undulated  margms ; 
atiia3  delicate,  52  in  '001" ;  costte  mter- 
rupted,  10  in  -001".  =  Dentictda  sinuattt, 
SBD.  ii.  p.  21,  pi.  34.  f.  295.  Fresh 
water.    Britain,    (iv.  12.) 

D.  Tahellaria  (Sm.). —  FUameuts  fra- 
gile ;  valves  with  constiicted  or  mflated 
middle,  rosti-ate  apices,  and  36  dehcate 
costffi  m  -001".=  Odontidium  Tabelhiria, 
SBD.  ii.  p.  17,  t.  34.  f.  291.  a,  valves 
inflated  at  the  middle,=  ^«i<ro67ra  co«- 
stmens,  Eh.?  ^,  valves  constricted  at 
the  middle,    (rv.  35.) 

D.  birostris  (E.).— Very  minute;  valves 
lanceolate,  suddenly  rosti-ate,  acute; 
striiB  inten-upted  by  a  median  lme.= 
Fragilariabirostris,  ERBA.  1844,  p.  34--^; 
Microg.  pi.  38  A.  2.  f.  8.  Fossil.  Ger- 
many. 1-3120".  Has  neaily  the  cha- 
racters of  a  Staurosha,  i^/i.  . 

D.  informe  (S.). —Valves  elliptical, 
with  an  in-egular  inflation  at  the  centre, 
and  hence  subcrucifoi-m ;  coste  18  m 
•001  "  =  Odontidium  informe,  S  Annals, 
1857,  p.  10,  pi.  1.  f-  1^-  Fi-esli  ^-ater. 
France.  ,      ^     .  ^ 

D.  ILirrisonii  (Sm.).  — Fi'ustules  fre- 
quentlv  adhering  by  their  angles ;  valves 
crucifomi,  with  rounded  lol>f !  c"^*'! 
distinct,  13  in  -001".  =  ^^"""f ""^ 
mrrnsonii,  SBD.  ii.  p.  18,  pi-  60.  f.  3^3. 
Fresh  water.  Hull.  The  valves  in  f.n-m 
resemble  those  of  a  small  letracyclus, 
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but  have  interrupted  costse ;  the  front 
view,  too,  is  very  dittbrent.   (xviii.  6.) 

D.  pinnatiim  (E.).— Valve  cruciform, 
with  angular  lobes  ;  costse  as  in  D.  Sar- 
riisoini.=Stauro6-ira  piimata,  EM.  t.  5.  2. 
£  24;  Odontidium  Harrisonii,  (i,  Roper, 
MJ.  ii.  p.  6,  f.  6.  Eiu-ope  and  America, 
(viii.  4.) 

D.  speciosum  (Brightwell).  —  Valve 
subcruciform  or  rhomboidal ;  angles 
roimded,  naked ;  costas  short,  distinct,  IG 
on  each  side.  =  Odontidium  speciosiwi, 
BiightweU,  JMS.  vii.  p.  180,  pi.  9.  f.  8. 


Doubtful  sjiecies. 

D.  Surirella  =  Frcujilaria  Surirella, 
EM.  pi.  39.  3.  f.  54.  Frustules  large, 
broadly  linear,  with  rounded  ends  and 
marginal  costre. 

U.  BddjicMi  (Brightwem.  —  Valve 
ovately  rhomboidal ;  costaj  about  20  on 
each  side,  distinct,  reaching  nearly  to 
the  ends,  but  leaving  a  linear  open  space 
down  the  centre.  In  a  clay  or  earthy 
deposit  from  Baldjick,  IMr.  Nornian.= 
Odontidium  Bcddjickii,  BiightweU,  I.  c. 
p.  180,  pi.  9.  f.  10. 


Genus  STArEOSIEA  (Eh.).—"  The  form  of  this  genus  is  that  of  qua- 
drangulai-  PragUarife  ;  it  is  distinguished  fi'om  the  much  larger  forms  of  the 
allied  genus  Amphitetras  by  the  absence  of  (pseudo-)  openings  at  the  four 
angles."— ERBA.  1843,  p.  45.  The  above  is  the  only  notice  of  this  genus  we 
have  met  with,  the  resemblance  to  Amphitetras  is  evidently  very  slight. 
From  Ehrenberg's  figures,  Staurosu-a  seems  to  contaiu  forms  allied  to  Odon- 
tidium and  Fragilaria,  which  have  the  valve  so  inflated  at  the  centre  as_  to 
appear  4-lobed.  This  character,  however,  is  uncertain,  since  Professor  Smith 
shows  that  the  same  species  has  the  valve  sometimes  inflated,  and  sometimes 
constricted  at  the  middle. 


Staubosiba  construens  (E.).  —  Very 
small,  smooth ;  valves  spiadle-shaped, 
with  the  produced  angles  somewhat  un- 
equal. EM,  several  figiu'es.  Asia, 
Africa,  and  America,  (xv.  5.)  1-600". 
Compare  vsdth  Dimei-egranima  Tabel- 
laria. 


S.  mnphilepta  (E.). — Minute,  smooth, 
two  of  the  produced  angles  larger  and 
more  slender  than  the  others. 

S.  trigongyla,  Asia ;  S.  Epidendrium, 
Chili ;  <S'.  Mexicana,  Mexico  ;  S.  trica- 
rinata,  Mexico. — These  species  (Ehren- 
berg's) are  known  to  us  only  by  name. 


Genus  RHAPHOKEIS  (E.). — Frustules  simple,  free  or  shortly  stipitate  : 
fi'ont  view  narrow  linear ;  valves  much  broader,  with  transverse  dotted  striiB 
and  a  median  longitudinal  line.  Marine.  Rhaphoneis  differs  from  Cocconeis 
and  Navicula  by  the  absence  of  a  central  nodule.  The  fmstule  has  no  al£e ; 
its  strice  are  usually  distinctly  mouiliform  and  divergent,  and  its  median  line 
more  conspicuous  than  in  Tryblionella.  We  have  not  thought  it  desirable  to 
separate  Doryphora ;  for  it  is  doubtful  whether  Kiitzing's  only  species  is  even 
specifically  distiact  from  some  forms  still  retained  by  him  in  this  genus. 


Rhaphoneis  Amphiceros  (Ehr.).  — 
Valves  lanceolate,  about  three  times 
as  long  as  broad,  with  produced,  styli- 
foraa  apices,  and  fine,  dotted  transverse 
strife.  ERBA.  1844,  p.  87 ;  M.  t.  18.  f. 
82.  =  Cocconeis  Amphicej-os,  E.  1840 ; 
Doryphora  Amphiceros,  KJ3.  p.  74 ;  SBD. 
i.  pi.  24.  f.  224.  Marine.  Europe  and 
America,  (xiv.  21.)  1-576".  Stria  18 
to  20  in  1-1200".  Ends  suddenly  con- 
tracted and  prolonged  into  a  beak. 

R.  Fums  (E.). — Valves  slender,  linear- 
lanceolate,  usually  four  times  as  long  aa 
broad,  with  stylifonu  apices,  and  17  or 
18  fine,  transverse,  gramdated  striae  in 
1-1200".  ERBA.  1844,  p.  87.  Fossil. 
Virginia.  1-720".  Strongly  akin  in  habit 
to  Fragilaria  Amphiceros,  but  dift'ers  by 
its  median  sutui-e. 


R.  Leptoceros  (E.).  —  Valves  long 
lanceolate,  quadrangidar,  rhomboid,  three 
times  as  long  as  broad,  with  long  styli- 
form  apices  and  fine,  granulated  fcrans- 
verse  striaj.  ERBA.  1844,  p.  87.=R. 
Orego7iica,  EM.  pi.  18.  f.  83.  Fossil. 
America.  1-720".  Striae  generally  18 
in  1-1200".  Has  the  habit  of  R.  Amphi- 
ceros, but  with  much  longer  beaks. 

R.  gemmifera  (E.).  —  Largo  ;  valves 
elongated  lanceolate,  with  long  gradually 
attenuated  apices,  usually  three  times 
aa  long  as  broad  ;  strife  strongly  granu- 
lated, 10  in  1-1200".  ERBA.  1844,  p.  87. 
Fossil.    Maryland.  1-300". 

R.  pretiosa  (E.).  —  Lai'go  ;  valves 
broadly  lanceolate,  rhomboid,  generally 
twice  as  long  as  broad ;  apices  gradually 
attenuated  into  beaks;  strite  stout, gi'nnu- 
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lar,  like  series  of  pearls.  ERBA.  1844, 
p.  87.  Fossil.  Maryland.  1-480".  Stiiis 
11  in  1-1200". 

R.  Rhombus  (E.).  —  Small ;  valves 
broadly  lanceolate,  rhomboid,  sometimes 
suborbicular,  scarcely  longer  tlian  broad, 
with  short  rostrate  apices  and  fine  gra- 
nulated stria3.  ERBA.  1844,  p.  87 ;  M. 
pi.  3.3.  13.  f.  19.  Cuxhaven,  Virginia. 
1-1152"  to  1-864".  Striae  20  to  21  in 
1-1200". 

R.  scalaris  (E.).  —  Valves  slender, 
acutely  lanceolate,  furnished  with  a 
double  series  of  strife  and  window-like 
crystaUine  spaces.  ERBA.  1844,  p.  271. 
Fossil.  Bermuda  deposit.  Diameter 
1-960".    Strife  9  in  1-1200". 

R.  angusta  (E.).  —  Valves  elongate 
lanceolate,  with  obtuse  apices,  24  stnse 
in  1-1200",  and  no  median  smooth  space. 
ERBA.  1844,  p.  364.  India. 

R.  Icmceolata  (E.).— Valves  rhomboid- 
lanceolate  with  obtuse  apices,  21  stiise 
in  1-200",  and  a  linear-lanceolate  median 
smooth  space.  ERBA.  1844,  p.  364; 
M.  pi.  34.  7.  f-  13.     India,  Chuia,  and 

Japan.  „.  • 

R.  Indica  (E.).  —  Valves  elliptic- 
lanceolate  with  obtuse  apices,  15  striaj 
in  1-1200",  and  a  linear-lanceolate 
median  space.  ERBA.  1844,  p.  365. 
India  and  Japan. 


R.  fascinlata  (E.).  —  Large ;  valves 
elliptic-lanceolate,  twice  as  long  as  broad, 
with  strong,  finely  granulated  striai  in 
transverse  fascisB.  ERBA.  1844,  p.  204; 
M.  pi.  35  A.  22.  f.  16.  Antarctic  Sea. 
Ehrenberg's  figure  represents  the  valve  as 
elliptic,  Avith  transverse  band-like  series 
of  short  longitudinal  strias,  alternating 
with  smooth  spaces,  and  inteiTupted  by 
a  smooth  longitudinal  median  line. 
(?  Lower  valve  of  a  Cocconeis.) 

R.  Smtdlum  (E.).— Valves  elliptic, 
lono-er  than  broad,  with  12  or  13  stout, 
cremilattd  stria3  in  1-1200".  ERBA. 
1844,  p.  204 ;  M.  pi.  35  a.  1.  f.  5.  Ant- 
arctic Bea.  1-864".  (?  Lower  valve  of 
a  Cocconeis.) 

R.  fasciata  (E.).  — Microg.  pi.  35  a.  9. 
f.  8.  India.  Valve  elliptic,  with  broadly 
rounded  ends,  a  median  line,  transverse 
fascise  of  longitudinal  lines  altematmg 
with  smooth  transverse  bands,  and  two 
series  of  marginal  striae.  (?  Lower  valve 
of  a  Cocconeis.) 

Species  (Eh.)  knoum  to  us  only  by  name. 

R.  setaeea,  Sandwich  Islands ;  R. 
Entomon,  Asia  Minor;  R.  rhomboides, 
Ganges ;  R.  Gangetica,  Ganges ;  _  R. 
Icevis,  India;  R.  Africana,  South  Africa; 
R.  Digittts,  Demerara. 


Genus  TRYBLIONELLA  (S.).  —  "  Frustules  simple  fee,  elliptical  or 
linear  valves  plain  ;  ate  submarginal  or  obsolete,  canalicuh  mcon^ncuous, 
mrSd''-SmSli.  TiybHoneUa  is  another  genns  separated  from  SunreUa 
bv  Professor  Smith,  who  says  that  it  "  differs  from  Campylodiseiis  in  the  more 
InS  ed  form  of  ts  frustuLes  and  the  absence  of  the  bend  m  its  valves  ;  the 
fanahtn  are'lso  more  minute,  and  parallel  rather  than  radrakag.  It  agr^s 
with  SurireUa  in  the  presence  of  ate;  hut  these  arise  fi-om  the  disk.  Mr. 
roner  rSr^that  TryhhoneU^  is  distinguished  from  SurireUa  by  ite  fine 
forn  ohsTete'plraUelt^ransverse  strte ;  whereas  the  latter  is  furmshedwith 
canahculi  or  costaj,  which  are  more  or  less  divergent. 

Tbyblionella  cirmmsuta  (B.)._  — 
Lateral  view  elliptic-oblong,  with  a  faint, 
longitudinal  median  line  (indistinct  or 
obsolete),  parallel  ti'ansverse  strife,  and 
margmal  gland-like  dots;  a-te  very 
short  =  SurireUa  circmnsuta,  Bailey,  MO. 
pi.  2.  f.  36 ;  T.  Scutellum,  SBD.  i.  p.  35, 
pi  10.  f.  74.  Marine.  America,  Britain. 
Professor  Bailey  describes  it  as  havmg 
a  minutely  granulate  sui-face,  and  a 
scarcely  perceptible  median  constriction. 

T  r/rac?fe(S.).— Frontviewhnear,with 
attenuate  extremities  and  truncate  apices; 
lateral  view  linear-acuminate  ;  coste 
parallel,  extending  to  med'^  ^l'^*^  5,^.^^^'^ 
distinct.  SBD.  i.  p.  ^^5,  nl.  10.  f.  75.  ^  lesh 
and  brackish  waters.  Lewes,  (iv.cib.j 


T.  navicularis  (Br^b.).  — Front  view 
oblong,  with  ti-uncate,  slightiy  winged 
ends;  lateral  view  elliptic-acuminate; 
costas  distinct,  mai-ginal  ;  alai  con- 
spicuous, =  SurireUa  naiicuJaris,  Bv&b.  in 
KSA.  p.  36 ;  T.  margimita,  SBD.  i. 
p.  35,  pi  10.  f.  76.  Fresh  and  brackish 
waters.    France;  England.  _ 

T.  acuminata  (S.). —Lateral  view 
linear,  with  attenuated  ends  and  delicate, 
interrupted  transverse  stria; ;  aire  obso- 
lete ;  canaliculi  obscure.  SBD.  i.  p.  36, 
T)l  10  f  77.  ISIarine  and  braclnsh 
waters".  Britain.  "0012"  to  -0021". 
Stria;  31  in  -001".    (iv.  37.) 

T.  anf/ustaia  (S.).— RescmblesT.  acuviv- 
nala ;  but  its  strife  are  continuous.  bBD. 
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p.  36,  pi.  30.  f.  262.  Fi-esli  wator.  Eiio;land. 
•0021"  to  -0040".    Strire  36  iu  -001". 

T.  levidoms  (S.). — Lateriilview  liuear, 
with  subacute  extremities ;  costa3  very 
distinct,  pai-allel,  extending  to  the  cen- 
tral line.  SBD.  ii.  p.  89.  Brackish 
water.    Cork  City  Paiic. 

T.  punctata  (S.). — Lateral  view  ellip- 
tic, with  acuminate  ends  and  parallel, 
ti-ansverse,  monilifonu  strife  ;  canaliculi 
obsolete.  SBD.  i.  p.  36,  pi.  30.  f.  261. 
Marine.  Sussex. 

T.  constricta  (Greg.). — Lateral  view 


panduriform,  with  apiculato  ends  and 
numerous,  delicate,  diagonal,  punctated 
strite;  costa  obsolete.  Greg,  in  MJ. 
iii.  pi.  4.  f.  13.  Marine.  Britain.  "  Its 
fonn  is  that  of  Cymatopleura  Soka,  but 
it  is  very  much  smaller.". — Grog. 

T.  apiculata  (Grejj.).— NaiTOw,  linear, 
slightly  constricted  in  the  middle,  with 
apiculate  exti-emities  and  about  45  line 
but  distinct,  transverse,  dotted  strife  in 
•001".  Greg,  in  MJ.  v.  p.  79,  pi.  1.  f. 
43.  Scotland.  •OOlS"  to  •0017".  Keel 
often  sti'ongly  marked. 


Genus  CYMATOPLEUEA  (S.).— Frustules  free,  in  front  view  linear,  with 
undulated  margins  ;  laterally  broader,  and  marked  with  transverse  bars. 
Aquatic.  Tliis  genus,  instituted  by  Smith,  is  very  distinct,  and  may  be 
recognized  by  the  lateral  surfaces  projecting  in  the  front  view  in  an  undu- 
lated manner,  the  central  portion  being  separated  from  the  undulations  by  a 
marg-raal  row  of  dots.  The  lateral  view  is  usually  very  much  broader  than 
the  front,  which  often  renders  it  difficult  to  obtain  a  satisfactory  sight  of  the 
latter.  The  lateral  surfaces,  however,  snfflciently  identify  the  genus,  as  the 
broad,  transverse,  shade-like  bands  or  bars  which  correspond  with  the  undu- 
lations are  characteristic.  The  striae  are  generally  obscui-e  or  obsolete,  and 
the  median  longitudinal  line  is  less  evident  than  in  Surii'ella ;  the  margin 
is  usually  fiu'nished  with  conspicuous  gland-like  dots.  "  The  undulations  of 
the  valves  separate  Cymatopleui-a  from  TiyblioneUa  and  SurireUa ;  the  absence 
of  alse  and  canalicuh  are  further  characters  which  leave  no  room  for  hesita- 
tion as  to  its  distinctness."  (Smith.) 


Cymatopleuba  Solea  (Breb.,  S.). — 
Frustiile  elongate;  laterally  panduri- 
form, mth  more  or  less  attenuated  ends, 
sometimes  apiculated  ;  strife  delicate,  8 
in  1-1200".  SBD.  i.  p.  36,  f.  78.  =  SurireUa 
Solea,  Breb.  in  KSA.  p.  34;  S.  Lihrile, 
E.  ;  Sphinctocystis  librilis,  Hass  BA. 
p.  102,  3.  Var.  jS,  ends  apiculated,  =  C. 
apiculata,  S.  I.  c.  p.  37,  f.  79.  Common, 
Asia,  Africa,  America,  Em'ope.  (ix.  155 ; 
XVI.  9.)  Frustules,  in  both  views,  many 
times  as  long  as  broad ;  undulations  six. 
The  ends,  in  the  lateral  view  are  always 
attenuated ;  but  their  apices  vary,  and  are 
sometimes  obtuse,  sometimes  apiculate ; 
and  therefore  we  conem-  with  M.  de  Bre- 
bisson  in  uniting  C.  apiculata.  Smith, 
with  this  .species. 

C.  heterocyma  (Nageli).  —  Lateral 
viewpanduriform,withl6  marginal  strife 
in  1-1200";  front  view  broadly  linear, 
twice  undulately  twisted,  with  six  mar- 
ginal iQ\As.  =  SurireUa  heterocyma,  KSA. 
p.  889.    Switzerland.  1-240". 

C.  elliptica  (Br6b.,  S.). — Lateral  view 
elliptic,  with  three  to  five  transverse  bars ; 
ends,  m  general,  sliglitly  attenuated. 
SBD.  p.  37,  pi.  10.  f.  m.  =  SurireUa  on- 
ph(mia,  E.  (according  to  Kiitzing) ;  S. 
undulala,  EM. ;  S.  undata,  EM. ;  S.  pli- 


cata,  EM.  pi.  15  a.  f.  50,  51?;  S. 
Kiitzingii,  Perty,  Diat.  p.  201,  t.  17.  f.  2. 
Aqufitic.  Asia,  Africa,  America,  Eiu'ope. 
(rx.  149;  xvi.  7,  8.)  Professor  Kiitzmg 
describes  the  frustules  as  ovate ;  but  we 
have  always  found  them  elliptic.  Un- 
dulations three  to  five;  lateral  svu'faces 
obscm-ely  striated  and  furnished  with 
marginal  gland-like  dots.  We  have  re- 
fen-ed  the  SurireUa  plicata,  E.,  to  this 
species,  because  of  its  habitat,  although 
its  figm-e  in  the  'Microgeologie'  agrees 
better  with  that  of  C.  Hihernica. 

C.  Hihernica  (S.).  —  Lateral  view 
broadly  elliptic,  with  produced  ends ; 
striae  obscm-e.  SBD.  i.  p.  37,  pi.  10.  f. 
81.  Ireland,  France.  Undulations  about 
three;  length  1-370" to  1-220" ;  breadth 
two-thirds  the  length. 

C.  Rcyula  (E.). — Lateral  view  linear, 
with  cuneate  ends  and  six  transverse  bars. 
=  SurireUa  Roqula,  KB.  t.  28.  f.  30. ;  C. 
parallela,  Smith,  BD.  pi.  30.  f.  263. 
Mexico,  France,  England.  Habit  and 
size  of  C.  Solea,  but  not  panduriform ; 
pinnules  10  in  1-1200",  nearly  obsolete. 

C.  Ovum  (Niigeli).  —  Lateral  view 
broadly  oval,  with  8  marginal  strife  in 
1-1200" ;  front  view  broadly  linear, 
straight;   margin  witli  five  marginal 
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folds.  =  Surirella  Oourn,  Nfigeli  in  KSA. 
p.  889.   S\vitzerland.  1-360"  to  1-280". 


The  characters  given  are  in.suflicieut  to 
distinguish  it  from  C.  elliptica. 


Genus  SURTEELLA  (Turp.,  E.,  S.).  —  Frustules  simple,  free;  margin 
striated  •  lateral  sm-faces  broader  than  the  front  view,  with  u  smooth  median 
lonoitudinal  line ;  "  margins  produced  into  alae,  canaliculi  distinct,  usuaUy 
parallel"  (Smith).  Sniii-eUa  thus  limited  by  Professor  Smith  becomes  a  much 
more  natural  genus  than  it  was  constituted  by  preceding  authors:  he  says, 
"  It  is  well  distinguished  from  TryblioneUa  by  the  prominency  of  its  ala;,  the 
distinctness  of  its  canaHculi,  and  the  usuaUy  cuneate  form  of  its  frustules; 
with  no  other  is  it  at  all  likely  to  be  confoimded." 

few,  reaching  the  median  line,  centi-al 
ones  divergent.  SBD.  pi.  9.  f.  67.  Aquatic. 
Australia,  Asia,  Africa,  America,  Britain. 
(XII.  19,  20.)  Costffi  7  in  1-1200". 
1-288".  The  central  costse  are  usually 
more  distant,  leaving  a  ti-ansverse  smooth 
space  bisected   by  the  median  line. 


*  Frustules  panduriform. 

StminBLLA  constricta  (E.). — Large, 
oblong,  in  lateral  view  pandm-ifomi,  with 
a  median  liue  and  intramarginal  crena- 
tions.  EM.  pi.  14.  f.  37.  Denticula  con- 
strictay^'Q.  t.  3.  f.  62  ?.  Aquatic.  Berlin. 
(vTTT.  3.)  Ehrenberg's  figiue  in  the  'Mi- 
crogeologie'  seems  a  true  species  of  this 
genus;  and  different  as  is  that  of  Denticula 
constricta  in  Kiitzing's  work,  yet,  as  it  was 
copied  from  a  figure  given  by  Ehrenberg 
in  an  earlier  work,  the  differences  are  pro- 
bably due  to  the  imperfect  representation. 

S.  Smithii  (K.).— Front  view  broadly 
linear,  with  trimcate  ends  and  rounded 
angles ;  lateral  view  panduriform,  with 
att'enuated  ends ;  costas  delicate,  reach- 
ino-  the  median  line,  which  is  often  in- 
flated. =-5'.  constricta,  SBD.  i.  p.  31,  pi.  8. 
f.  59.   Brackish  water.    England.  Alse 
conspicuous,  enclosing  an  oblong  space. 
1-300".    The  shape,  in  fr'ont  view,  re- 
sembles that  of  S.  hiseriata,  but  the  costae 
are  much  finer.  or> 
S.  Antarctica,  EM.  pi.  3o  a.  2.  £  20. 
Antarctic  Sea.    We  have  seen  no  de- 
scription of  this  species.    Ehrenberg  s 
ficrure  shows  the  lateral  view  panduri- 
form, with  rounded  ends  and  strongly 
marked  striae,  which  nearly  reach  the 
median  line. 

S.  didyma  (K.).— Oblong,  with  trun- 
cate ends,  constricted  middle  and  punc- 
tated margins.  KB.  p.  60,  t.  3.  f.  67. 
Submarine  waters.  Isle  of  Wangeroog. 
1-600".  This  appears  to  us  a  doubtful 
species  of  SurireUa;  for  Kiitzmg's  figm-e 
seems  to  represent  a  frustide  constricted 
in  the  front  view,  as  it  shows  a  linear 
median  portion  trimcated  at  its  ends. 

S.  panduriformis  (Rab.).  —  Resembles 
S.  didyma,  but  is  stouter  and  its  mar- 
ginal 'dots  appear  stalked.  Rab.  p.  2 J, 
t.  3.  I  9.  Italy. 

2*  Lateral  view  la^iceolate  or  ohlong,with 
its  ends  usually  equally  attenuated. 
S.  Craticula  (E.).— Lanceolate;  costa) 


Smaller  than  S.  hiseriata ;  its  costae  fewer 
and  more  divergent. 

S.  megaloptera,  EM.  pi.  33.  1.  f.  17. 
Egypt.  The  figm-e  resembles  that  of 
S^Cratieida ;  but  the  costae  are  aU  paral- 
lel, and  the  median  line,  as  well  as  costae, 
are  mterrupted  at  the  centi-e  by  a  broad, 
transverse  band. 

S.  hiseriata  (Breb.).— Front  view  qua- 
drilateral, with  conspicuous  alas ;  lateral 
view  oblong-lanceolate,  with  broad  costae, 
which  usuaUy  reach  the  median  line. 
SBD.  i.  p.  30,  pi.  8.  £  57.  =  -8'.  hifrons,  E. 
Common,  (xvi.  20-26.)  Difl'ers  fi-om 
^.  splendida  by  its  parallel  sides  in  front 
view.  Its  angles  are  rounded,  and  the  alte 
enclose  an  oblong  space;  its  costae  are 
conspicuous  in  both  -s-iews.  1-210"  to 
1-100".    Sti-iiB  3^-  m  1-1200". 

S.  decora  (E.).— Large,  lineai'-lanceo- 
late,  with  equal,  attenuated  ends  and 
fom*  or  five  marginal  costae  in  1-200". 
EM.  pi.  5.  3.  £  23.  America,  Ii'eland. 
Ehrenberg's  figm-es  are  oblong  lanceo- 
late, one  of  them  constricted. 

S.  reilexa  (E.).  —  Lanceolate,  with 
nearly  equal,  slightly  retiexed,  subacute 
ends,  a  distinct  median  sutiu-e,  and  sti-ong, 
short  stiitB,  in  the  middle  three  or  foiu 
iu  1-1152".  EM.  pl.33.1L£13.  Fossil. 
Connecticut.  . 

S.  leptoptera  (E.).  —  Lanceolate,  with 
nearly  equal,  acute  ends,  a  distinct,  di- 
lated median  suture,  and  dense  trans- 
verse striaj,  which  in  the  nudiUe  are 
6  in  1-1152".  KSA.  p.  36.  lossil. 
Oregon,  A  specmien  1-456"  long  pre- 
sented 21  striae.  „  w  vi 
S.  Orcgonica  (E.).  —  Spathidate,  with 
unequal,"  subacute  ends,  a  distmct,  di- 
lated median  suture,  and  strong  stnre, 
which  in  the  middle  are  four  or  five  in 
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1-1152".  EM.  pi.  33.  12.  f.  27.  FossU. 
Oregon.  A  specimen  1-33G"  long  pre- 
sented 19  stria3.  Ebreuberg's  figure  is 
elliptic-lanceolate,  with  a  median  line 
dilated  at  the  centre  into  a  lar^'e  oval 
foi-m ;  the  strix  short  and  externally  ter- 
minating in  gland-lilie  dots. 

S.  tunjida  (S.).  —  Elliptic-lanceolate, 
■with  tapering,  sometimes  contracted 
ends  and  obtnse  apices ;  costas  few  (4  in 
•001"),  conspicuous,  separated  by  a  me- 
dian lanceolate  space.  SBD.  i.  p.  31, 
pi.  8.  f.  59.  =  -5".  Cah'donica,  EM.  pi.  15  a. 
f.  47  ?  Aquatic.  Ireland.  Distinguished 
by  its  ventricose  centre. 

S.  ohlonga  (E.).  —  Oblong-lanceolate, 
with  obtuse  ends,  near  the  margin  si- 
nuoso-dentate.  KSA.  p.  35.  Aquatic. 
Afiica;  America;  Mom-ne  deposit,  Ire- 
land. Ehrenberg's  figui'es  in  the  'Micro- 
geologie'  differ  very  much  in  form,  but 
aU  have  the  costas  confined  to  the 
margin. 

S.  Breuteliana  (Eab.). — Linear-elliptic, 
with  roimded  ends,  fiive  transverse  costse 
on  each  side,  connected  at  inner  ends  by 
an  imdulated  line,  and  leaving  a  longi- 
tudinal median  space  with  waved  mai'- 
gins.  Eab  D.  p.  29.  t.  3.  f.l3.  Aquatic. 
St.  Kitts. 

S.  crcnulata  (E.). — Small,  elliptic-lan- 
ceolate, with  crenulate  margins,  subacute, 
nearly  equal  ends,  and  a  distinct  median 
line ;  eleven  crenules  in  1-1152",  extend- 
ing into  strise,  which  do  not  reach  the 
Centre.  EM.  pi.  33.  f.  23.  Fossil,  United 
States.    D.  1080". 

S.  microcora  (E.).  —  Minute,  oblong- 
lanceolate,  with  somewhat  acute  apices, 
and  marked  near  the  margin  with  ten 
delicate  dentations  in  1-1200".  EA. 
p.  136,  t.  2.  1.  f.  34;  lOB.  t.  29.  f.  15. 
Asia,  Afiica,  America. 

S.  Itpida  (E.).  —  Slender,  linear-lan- 
ceolate, one  end  obtuse,  the  other  a  little 
more  attenxiated  and  subacute ;  strife  nine 
or  ten  in  1-1152";  the  median  line  di- 
stinctly flexuose.  EKBA.  1844,  p.  272 ; 
KSA.  p.  36.    Km-distan.  1-708". 

S.  tenella  (K.).  —  Oblong-lanceolate, 
vsdth  roimded,  obtuse  apices,  and  five, 
rather  lax  ti-ansverse  striae  in  1-1200"; 
fi'ont  view  oblong,  almost  rectangular, 
■with  obtuse  angles.  KSA.  p.  37.  Aquatic. 
Prussia. 

S.  obtusanr/ida  (Rab.).  —  Small,  lan- 
ceolate, Avith  cimeate,  attenuated,  obtuse 
ends,  and  six  short  costaj  in  1-1200"; 
front  view  oblong,  broadly  romided.  Rab. 
p.  29,  pi.  3.  f  27.    Aquatic.  Germany. 

S.  Aniphinxijs  (S.).  —  Elliptic-lanceo- 
late, with  subacute  extremities,  and  nine 


co8ta3  in  -001" ;  front  view  lineai-.  SBD. 
ii.  p.  88.  Haverfordwest. 

S.  angusta  (K.).— Minute,  linear,  with 
cuneate  ends,  rather  obtuse  apices,  and 
11  costffi  in  1-1200" ;  alse  obsolete;  front 
view  lineal',  tnmcate.  KB.  t.  30.  f.  52 ; 
SBD.  pi.  31.  f.  260.  Aquatic.  Em-ope ; 
Lewes. 

S.  apiculata  (S.).— "  Elliptical,  ovate, 
smaller  extremity  produced  mto  a  linear, 
tnmcate  apiculum;  costse  15  in  -001"." 
SBD.  ii.  p.  88.  Aquatic.  England. 
Length  of  frustule  -0008" to  -0012".  "A 
close  ally,  if  not  a  variety,  of  ^S".  angusta." 

S.  linearis  (S.). — Minute,  linear,  with 
cimeate  ends,  distinct  transverse  costse, 
and  a  narrow  median  line.  SBD.  i.  pi.  8. 
f.  58^'.  =  S.  acuminata  (Br(5b.  MS.). 
Aquatic.  England,  France.  Var.  jS, 
slightly  constricted  at  the  middle,  S. 
p.  8.  £58"".  In  the  front  view  this 
species  resembles  a  small  form  of  S. 
hiseriata. 

3*  Lateral  vietv  with  one  end  broadly 
rounded,  the  other  smaller  (ovate  or 
ovate-oblong) ;  front  view  usually  cu- 
neate. 

S.  rohusta  (E.).  —  Large,  elongated; 
ovate-oblong,  with  two  stout  costae 
(which  do  not  reach  the  centre)  in 
1-1200".  EM.  pi.  15  A.  f.  43.  S.  noUlis, 
SBD.  pi.  8.  i.  63.  Aquatic.  Fossil.  Fin- 
land; Britain.  1-216"  to  1-120".  Di- 
stinguished by  its  large  size,  elongated, 
slightly  tapering  form,  and  large  intra- 
marginal  crenations. 

S.  procera,  EM.  pi.  14.  f.  33.  Berlin. 
The  figure  represents  a  lai'ge  species, 
slightly  broader  at  one  end,  with  large 
intramarginal  crenations  as  in  S.  robusta, 
but  the  strong  transverse  costae  are  sepa- 
rated only  by  a  narrow  median  hand. 

S.  splendida  (E.,  K.).  —  Front  view 
cimeate,  vsdth  roimded  angles  and  pro- 
longed costse ;  lateral  view  ovate-oblong 
with  conspicuous,  diverging  costse  wliicli 
reach  the  median  line ;  aire  distinct. 
EM.  t.  15  a.  f.  44;  SBD.  i.  pi.  8.  f.  62. 
Aquatic.  Common,  both  living  and  fossil, 
(ix.  150-152.)  Var.  0.  linearis,  smaller, 
lateral  view  narrow,  slightly  tapering,  = 
S.  linearis,  SBD.  i.  pi.  8.  f.  58  «.  1-210" 
to  1-100".  As  the  front  view  has  roimded 
angles,  it  is  not  unlike  the  lateral  one  in 
outline,  but  the  ends  are  broader.  Two 
or  three  times  as  long  as  broad. 

S.  tenera  (Greg.).  —  Narrow  linoar- 
oblong,  with  one  end  more  tapering  than 
the  other;  costse  distinct,  reaching  the 
median  line.  GregM.T.  iv.  p.  10,  pi.  1. 
f.  38.    Scotland.    It  is  smaller  tlian  S. 
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splendicla,  and  its  alsc  are  less  conspi- 
cuous ;  but  it  resembles  that  species  m 
form,  and  we  doubt  whether  it  be 
distinct. 

S.  striatula  (Turp. )  —Front  view  broad 
cuneate,  with  rounded  angles  and  short 
costte ;  lateral  view  ovate,  with  dista,nt, 
cm-ved  costte,  which  reach  the  median 
line;  alaj  small.  SBD.  i.  pi.  9.  f.  64. 
Common.  Resembles  S.  splendicla,  but 
is  shorter  in  proportion  to  its  breadth. 
In  the  front  view  the  central  portion  is 
broader,  the  ends  more  truncate,  the 
costas  shorter,  and  the  alse  less  conspi- 
cuous. Lateral  view  faintly  striated; 
strife  8  to  13  in  1-1200". 

S.  limosa  (Bai.  MS.  ?).— Broadly  ovate 
acuminate,  faintly  pimctato-striate ;  ca- 
naliculi  short  and  mdistinct,  not  rcach- 
ino-  more  than  1-6"  across  the  valve; 
leng-th  -0073",  breadth  -0035" ;  stripe  in- 
distinct, 22  in  -001.  New  Zealand,  Hud- 
son River,  New  York,  Thames  mud. 
Bri  JMS.  vii.  p.  179,  pi.  9.  f.  5. 

S.  hrevis  (E.).— Short;  form  and  size 
of  S.  striatula,  but  with  16  finer  strife  in 
1-1200".  ERBA.  1844,  p.  272 ;  KSA. 
p.  89.    Km-distan.  1-912". 

S.  Testudo  (E.).— Large,  ovate,  obtuse, 
with  12  slender  striaj  in  its  length,  which 
is  1-288".  E  l.c.  1840,  p.  24;  KSA. 
p.  39.  Mariae. 

S.  Gemma  (E.).— Fi-out  view  narrow 
cuneate;  lateral  view  broader,  ovate- 
eUiptic,  faintly  striated  between  the  de- 
licate, rmeqvially  distant  costcB,  which 
reach  the  median  line;  ala5  inconspi- 
cuous. KB.  t.  7.  f.9;  SBD.  i.  pi.  9.  £65. 
Common  in  marine  marshes,  (xn.  2-4.) 
Distinguished  fi-om  >S'.  striatula  by  its 
much  liner  costse  and  less  conspicuous 
alfe,  which  in  the  lateral  view  generally 
coincide  with  the  margins.  Sometimes 
nearly  elliptic.  We  have  rarely  seen  it 
so  narrow  as  Professor  Smith's  figure 
represents  it. 

S.  IcBvigata  (E.).— Elongated,  srnooth, 
with  subequal,  obtuse  ends,  a  distinct 
median  suture,  and  two  longitudinal 
lateral  lines.  KSA.  p.  36 ;  EM.  t.  33. 14. 
f.  24.  Fossil.  United  States.  1-168". 
Ehrenberg'sfigui-e  in  the  'Microgeologie' 
is  ovate,  with  a  median  line,  lax  mtra- 
marginal   crenations,   and  very  short 

S.  Guatimalensis,  EM.  pi.  33.  6.  f.  7. 
America.  Figure  broadly  ovate,  with 
both  ends  much  rounded,  and  minute 
intramarginal  crenations,  without  me- 
dian line  or  costaj.       „  ,  ^  t 

S.  icMhi/ocqihala  (Rab.).  —  l^aigo, 
ovate-oblong,  with  rounded  ends,  three 


broad,  flexuose  costa3  in  1-1200"  and  a 
broad  linear  median  band.  Rab  D.  p.  30, 
pi.  10,  Supp.  f.  0.  Italy.  The  figure 
shows  the  costae  cm-ved,  except  the 
middle  one,  which  is  broader  and 
straight. 

S.  cordata  (E.).  —  Ovate-subcordate, 
with  four  lax  striss  in  1-1152",  conti- 
guous in  the  median  line.  ERBA.  1845, 
p.  272 ;  KSA.  p.  39.    Fossil.  Georgia. 

S.  prcBtexta  (E.).  —  Long  ovate,  more 
than  twice  as  long  as  broad,  with  five 
rather  lax  strife  in  1-1252",  towards  the 
middle  broadly  interrupted  and  not  con- 
tiguous in  the  median  line,  hence  foi-m- 
ing  foiu'  series  with  a  broad  linear  me- 
dian space  and  two  smooth  lateral  ones. 
Maritime.  India.  ERBA.  1846,  p.  365 ; 
KSA.  p.  38. 

S.  euglypta(&.). — Small,  ovate-oblong, 
with  seven  strife  in  1-1200",  which  do 
not  reach  the  centre ;  front  view  cuneate, 
with  rounded  angles  at  larger  end.  EA. 
p.  136,  t.  3.  5.  f.  2.  4;  KB.  t.  28.  f.  27. 
Asia,  Africa,  America. 

S.  uninei-vis  (E.). — Small,  ovate,  hfdf 
as  long  again  as  broad;  costse  reticu- 
lated at  the  margin,  contiguous  at  the 
slender  median  line,  7  in  1-1152".  KSA. 
p.  38.    Maritime.    India,  Africa. 

S.  Folium  (E.).  —  Ovfite,  turgid  and 
obtuse,  slightly  compressed,  with  24  fine 
striae  in  1-1150".  Fossil.  Baibadoes. 
1-540". 

S.  Crumena  (Br^b.).— Small,  orbicular 
ovate,  with  7  or  8  evident  mai-ginal 
strife 'in  1-1200".  KSA.  p.  38.  Aquatic. 
France,  Britain.  Its  suborbicular  form 
ia  lateral  view  distinguishes  it  from 
every  other  species  except  S.  Bright- 
wellii, 

S.  Brightwellii  (S.).  — Small,  suborbi- 
cidar,  with  one  end  subacute;  cost^ 
distinct,  marginal,  10  in  -001" ;  alfE  in- 
conspicuous. SBD.  i.  p.  33,  pi.  9.  f.  69. 
Britain.  Accordiug  to  Professor  Smith, 
this  species  is  distinguished  from  S.Cru- 
mena  by  its  coarser  and  more  promiaent 
costfB  and  distinct  strife  ;  S.  Cmmem  is 
also  smaller  and  more  orbicular. 

S.  ovalis  (Br(5b.).— Small,  ovate-elliptic, 
with  8  marginal  costee  in  1-1200",  and 
one  end  more  attenuated  than  the  other ; 
alaj  inconspicuous.  KSA.  p.  33 ;  SBD. 
pi.  9.  f.  68.  Aquatic.  France,  Britain. 
Front  view  oblong-cimeate,  ti-uncat«. 
1-360"  to  1-280".  Maro:in  with  very 
short,  teeth-like  costo3.  The  lai-ger  end 
in  lateral  \'iew  is  less  rounded  than  in 
the  allied  species. 

S.  orala  (K.  ).— Minute  ovate,  or  ovate- 
elliptic,  with  7  to  9  delicate,  very  short, 
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mai-ginal  costre  in  1-1200";  alas  incon- 
spicuous. KB.  pi.  7.  f.  1-4 ;  SBD.  pi.  9. 
f.  70.  Europe,  America.  Front  ^do\v 
broadly  cuneate,  truncate.  1-1200"  to 
1-560." 

S.  tnmuta  (Bv4h.).  —  Minute,  ovate- 
elliptic,  with  inconspiciious  alas  and  14 
marginal  costte  in  -001".  SBD.  i.  p.  34, 
pi.  9.  f.  73.  France,  England.  -0005"  to 
•0009".  Klitzing  unites  this  fonn  with 
S.  ovata;  but  M.  de  Brebisson- informs 
us  that  he  is  able  to  distinguish  the  two 
species  when  in  situ  at  the  first  glance ; 
that  the  stratum  of  this  species  is  black 
and  very  mobile,  whilst  that  of  S.  ovata 
is  brown,  and  adheres  more  finnly  to 
the  soil. 

S.  salina  (S.). — Minute,  ovate-oblong, 
with  numerous  minute  marginal  costte 
and  obsolete  alse.  SBD.  i.  p.  34,  pi.  9. 
£  71.  Marine  or  brackish  waters.  Eng- 
land.   Fi'ont  view  wedge-shaped. 

S.  subsalsa  (S.).  —  Minute,  ovate-lan- 
ceolate, with  8  distinct  costse  and  30 
strife  in  1-1200" ;  alse  conspicuous.  SBD. 
i.  p.  34,  pi.  31.  f.  259.  =-S'.  pygmcea,  EM. 
pi.  35  A  8.  f.  4  ?  Fresh  or  bracldsh 
waters.  England. 

S.  ^jiMwate  (S.).  —  Minute,  narrow, 
ovate-oblong  or  somewhat  clavate,  with 
large,  subdistant  marginal  costse ;  ahe 
obsolete.  SBD.  i.  p.  34,  pi.  9.  f.  72. 
Aquatic.  Lewes.  Front  view  naiTow 
cimeate. 

4  *  Lateral  view  icith  broadly  rounded, 
rarely  unequal,  ends. 

S.  Lamella  (E.).  —  Large,  nan'ow 
elliptic,  with  nearly  equal,  broadly 
rounded  ends;  intramarginal  striae  and 
granulose  median  area ;  front  view  nar- 
row linear,  ti-imcated.  EM.  pi.  15  A. 
f.  49.  Lough  Moume  deposit.  1-210" 
to  1-180".  Ehrenberg's  ligiu'e  has  no 
median  line. 

S.iioso»!a(E.). — Narrow  elliptic,  with 
broadly  roimded  ends,  a  narrow  margin 
of  fine  striae,  and  a  smooth  median  ai'ea 
with  a  median  longitudinal  lino.  EM. 
pi.  33. 14.  f.  25.  Maritime.  India.  Three 
times  as  long  as  broad. 

S.  Patella  (K.). — Elliptic-oblong,  with 
equal,  rounded  ends,  and  four  or  five  mar- 
ginal 8tiia3  in  1-1200".  KB.  t.  7.  f.  5. 
Fossil  at  Franzensbad. 

8.  Peruviana  (E.). — Large,  elliptic- 
oblong,  with  equal,  roimded  ends,  and 
about  12  verv  short,  obsolete,  marginal 
costiB  in  1-1200".  ICB.  t.  29.  f.  72.  Peru. 

S.  umphlnmhlya,  EM.  pi.  14.  f.  34] 
Berlin.  The  figure  shows  a  largo  elliptic 
form  with  equal,  rounded  ends,  intra- 


mai'ginal  crenations,  and  strong,  parallel, 
ti-ansverse  costoe,  which  do  not  quite 
reach  the  median  line. 

S.  Mississiinca,  EM.  pi.  35  a.  8.  f.  5. 
America.  Ehrenberg's  figiu-e  is  large, 
eillptic-oblong,with  equal,  rounded  ends, 
and  parallel  transverse  costse,  separated 
by  a  naiTow  linear,  longitudinal  median 
band. 

5  *  Lateral  view  with  rounded  ends ;  costce 

with  dilated  outer  portion,  and  median 

sjMce finely  striated. 

S.  fastuosa  (E.).  —  Elliptic,  with 
ro\mded  ends,  rather  distant  costse,  in- 
flated towards  the  margin,  and  a  ti-ans- 
versely  striated,  lanceolate  median  space. 
GregMJ.  iii.  p.  30,  ph  4.  f.  41.  Marine. 
Common.  Em-ope,  Asia,  Afiica,  Ame- 
rica. Distinguished  from  all  the  pre- 
ceding species  by  its  inflated  costse  re- 
sembling stalked  flowers,  and  by  the 
striated  median  space,  which  is  very 
variable  in  breadth.  Diflers  much  in 
size,  and  is  sometimes  nearly  orbicular ; 
we  have  never  seen  it  ovate,  as  described 
by  Professor  Smith. 

S.  lata  (S.).  —  Large,  broadly  linear- 
elliptic  or  somewhat  pandiuiform,  with 
broadly  rounded  ends,  a  transversely 
striated  median  area,  and  distant  costse 
externally  dilated.  SBD.  i.  p.  31,  pi.  9. 
£  61.  =  Camjyylodiscus  piroductus,  John- 
ston. Marine.  Not  imconimon.  England. 
Diflers  from  S.  fastuosa  in  its  form,  and 
usually  in  its  larger  size ;  but  the  mark- 
ings are  similar  in  both.  As  Professor 
Gregory  finds  intermediate  states,  they 
may  be,  as  he  supposes,  mere  varieties. 

S.  eximia  (Grev.).  —  Linear-oblong 
with  rounded  ends,  about  18  delicate 
costffi  on  each  side,  reaching  the  naiTow 
linear-lanceolate,  transversely  striated 
median  space.  Grev  MJ.  v.  p.  10,  pi.  3. 
£  6.  Marine.  West  Indies.  This  ex- 
tremely delicate  and  hyaline  Diatom, 
Dr.  Greville  informs  us,  approaches  S. 
lata  in  form,  slight  constriction,  and  a 
striated  central  space,  but  differs  in  every 
other  respect.  The  costa3  equidistant, 
and  as  fine  as  those  of  Gemma;  alaj 
narrow/ but  conspicuous. 

Boiddfid  or  undescribcd  iS^tccics. 

S.  ?  Cocconeis,  EJ\I.  pi.  35  a.  8.  f.  3. 
Marine.  India,  Africa.  This  species, 
according  to  the  figure,  is  small,  elliptic, 
with  obtuse  ends,  and  parallel  transverse 
costso  separated  by  a  smooth,  narrow- 
lanceolate  median  space. 

S.  Jenneri  (llassall).  —  Front  view 
linear,  witli  rounded  ends,  and  distant, 
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short,  teeth-like  marginal  costse.  Haas. 
Br.  Alg'fe,  p.  439,  pi.  102.  f.  15.  Aquatic. 
Sussex.  Dr.  Hassall  describes  it  as  a 
very  distinct  species,  having  no  relation 
with  S.  hiseriata. 

S.  amhigua  (K.).  —  Broadly  oblong, 
■with  truncated  ends,  and  4  straight,  ob- 
solete, rather  broad  transverse  striae  m 
1-1200".  KB.  t.  5.  f.  17.  Stagnant  waters, 
Switzerland.  1-264".  Kiitzing's  figure 
apparently  represents  the  front  view,  and 
is  broadly  linear,  with  obscm-e  transverse 
costffi,  leaving  a  narrow  median  portion. 

S.  Icevis  (K.).  —  Cylindrical,  elliptic- 
lanceolate,  somewhat  obtuse,  very  smooth 
and  hyaline.  KSA.  p.  36.  Marine.  France 
1-1080".  ^ 

S.  attenuata  (Nag.).— Smooth,  Imear- 
lanceolate,  with  gradually  attenuated 
apices.  KSA.  p.  889.  Switzerland. 
1-240".    Perhaps  a  TryblioneUa  ? 

S.?  ornata  (K.). —  Elongate,  pestle- 
shaped,  tnmcate  at  each  end,  with  obtuse 
ano-les,  longitudinally  dividuate,  and  or- 
namented with  minute  puncta  disposed 
in  decussating  lines.    KB.  t.  3.  f.  54. 
Marine.  Genoa.  Length  1-280" ;  breadth 
1-960".  Kiitzing's  figau-e  is  linear-oblong 
with  truncate  ends,  and  seems  to  repre- 
sent the  fi'ont  view,  in  which  the  striated 
lateral  portions  approach  so  closely  at 
the  centre  that  the  smooth  median  por- 
tion is  visible  only  near  the  ends.  Surely 
this  is  not  a  Sui-ii'eUa  ? 

S  ?  Amphihola  (E.).  —  Broadly  linear, 
with  cimeate,  subacute  ends,  and  15  sti-ia3 
in  1-200" ;  front  view  with  obtuse  ends. 
ERBA.  1854,  p.  271.  Kiu-distan.  1:324". 
Has  the  general  form  of  Tryhltonelki 
Regula.  Ehrenberg  remarks  that  he  is 
not  sure  to  what  genus  this  belongs  ;  he 
has  sometimes  fancied  there  was  an  lun- 
bilicus,  as  in  Pinnularia,  but  its  equal 
transverse  striaj  on  each  side  render  its 
form  singular. 

S.  Simla  (E.).  —  Smooth,  broadly  na- 
vicular, with  subacute  ends  and  longi- 


tudinal  marginal  lines.  EM.  pi.  22.  f.  58. 
Fossil.    Sicily.  1-528". 


S.  Uolepta  (E.).— Styliform,  four  times 
as  long  as  broad,  witli  obtuse  ends  and 
no  median  line ;  the  naiTow  margin  finely 
striated.  KSA.  p.  36.  Mai-itime.  India. 
1-360". 

S.PZmea  (E.).  —  Bacillar,  stout,  one 
side  cuneate  at  each  end,  the  otber 
rounded,  finely  transversely  striated 
throughout.  ERBA.  1843,  p.  271.  Ne- 
therlands. 1-240". 

S.  Stylus  (E.).— Large,  styliform  and 
narrow,  quadrangular;  one  end  more 
obtuse  than  the  other,  but  neither  acute ; 
costa  54  in  1-144".  ERBA.  1843,  p.  271. 
Near  Weimar.  1-144". 

S.  rhopala,  EM.  pi.  33.1.  f.l9.  Egypt. 
Ehrenberg's  figures  show  the  front  view 
large,  longly  cimeate  with  roimded  ends, 
and  numerous  fine  transverse  striaj  at 
each  side,  separated  by  a  narrow  smooth 
median  portion  with  two  puncta  at  each 

'^'^S.  aspera  (E.).— Large,  with  fom_or 
five  loosely  disposed  costae  in  l-llo2  , 
mth  rough  crests.  KSA.  p.  39.  Volcanic 
earth,  Hochsimmer  on  the  Rhine.  This 
species,  named  fi-om  a  fragment,  Ehren- 
bero-  states  is  perhaps  a  Gampylodiscus. 

S.  Australia  (E.).  —  A  fragment  of  a 
linear  species  with  six,  straight  ti-ans- 
verse  stiiaj  in  1-1200".  Africa.  Another 
species  constituted  by  Ehrenberg's  ob- 
jectionable practice  of  nammg  isolated 

fragments.  ^  „  ,     ■  ^  \ 

S.  ?  lamprophijUa(E.),  S.  Uralensis{h.), 
Ural  Mountains ;  S.  Sibirica  (E.),  Sibe- 
ria; S  ?  curvula  (E.),  India,  Mexico ;  S. 
Stella  (E.),  Maritime:  India,  Afnca;  6. 
Nicoharica  (E.),Nicobar;  S  compta  {i^.), 
Eovpt;  S.  Zamhcze  (E.),  River  Zamb^e  ; 
S  Platalea  (E.),  Senegal ;  S.  Caffra  (E.), 
S  Capensis  (E.),  S  clathrata  {^.)AfV^ 
of  Good  Hope ;  S  FalJdandica  (E.),  6. 
Meluinensis  (E.),  S  Insular  iim(^.),  1  alk- 
land  Islands;  S.  Araucama  (E.),  Arau- 
cania;  S.  ampMcentra  (E.),  S.  wlostichu 
(E.),  S.  insccta  (E.),  S.  leptotera  (E.), 
S.  Polyodon  (E.),  Mexico. 


Genus  CAMPTLODISCDS  (B.,  ^''f:}-'^^^?' 
tavy,  aaciform;  disk  tortuous  "  ^^a-ll^-'i'H.      '^^^^^^  ,  ^ 

j:;tK  tz^l  K-rr  f'-r  *t;E  ^^^^tziz 

S^cult  to  obtain  a  Ba^**^^^-^  IXir^  "^^^^^^^  Plf'^ 
fto  0„scmoa,Boe^.    Ku^^n    r^^^^^^^  ^^^^^^^^  ^  Cnmpylodiscus,  m  these 

in  thi.  gemis.  t„       th„  ,„„tivc  that  could  iudueo  Kut.mg 

roTe;ir^Mr.S;t-  C,uupylodi,cu,r  aua  professor  Sru.th  has. 


OP  THE  STTEIRELLEiE. 

we  consider  judiciously,  adopted  that  suggestion.  "The  species  included 
under  this  genus  may"  all  bo  recognized  by  the  characteristic  bend  or  con- 
tortion of  theii-  surfaces."— Sm.  Cocconeis  differs  in  its  smaU  size  and  cen- 
tral nodule. 


*  Disc  circular,  or  nearly  so,  toith  a  single 
series  of  marginal  casta. 

t  Cost£e  all  radiant,  forming  a  marginal 
circle. 

Campylodiscus  Sorologiiim  (Wil- 
liamson).— Disc  nearly  flat,  with  a  mar- 
ginal circle  of  numerous  (about  50)  equal, 
radiating  costfe,  having  a  chcle  of  close, 
very  short  and  fine  striiB  at  its  inner,  and 
another  at  its  outer  edge,  and  enclosing 
a  large,  central,  orbiculai-,  smooth  space. 
SBD.  pi.  6.  f.  51.  Marine.  Scotland. 
The  costse  are  proportionally  shorter  in 
this  large  species  than  in  most  others, 
and  occupy  about  one-third  of  the  radius. 

C.  limbatus  (Breb.). — Disc  with  a  mar- 
ginal circle  of  short  costa3,  continued  by 
an  inner  fainter  circle  of  monilifonn  lines, 
gradually  lost  in  an  indefinite,  smooth 
central  space.  BD.  p.  12.  f.  1;  GDC.  p.  32, 
pi.  3.  {.  55.  Marine.  France,  Scotland. 
"  Distinguished  from  C.  Sorologium  by 
its  finer  costse  and  granidated  disc," 
Breb.  "  Costfe  broad,  ti-ansversely  sid- 
cate,  so  as  to  appear  on  close  inspection 
almost  moniliform.  Within  this  mar- 
ginal band  is  another  fainter  band,  which 
looks  almost  like  the  reflection  in  a  mir- 
ror of  the  first,  except  that  the  bars  are 
more  dhectly  moniliform,"  Greg.  This 
species  might  be  placed  with  almost  equal 
proprietyin  the  section  with  double  series 
of  costce. 

C.  imperialis  (Grev.).  —  Costse  3  in 
•001",  fonning  a  magnificent  band,  ac- 
companied at  base  by  short  bifid  seg- 
ments ;  central  area  broadly  elliptical, 
furnished  with  narrow,  transverse,  mo- 
nilifonn striae,  inteiTupted  by  a  median 
blank  line.  Gr  TMS.  viii.  p.  30,  pi.  1. 
f.  .3.    New  Providence.    In  general  ap- 

Eoarance  resembles   C.  limbatus,  Hieb. 
ut  difiers  materially  from  that  Diatom 
on  a  closer  examination.  Grev. 

C.  Kittonianns  (Gr.).  —  Costae  elon- 
gated, transversely  striated  for  two-thirds 
of  their  lono-tli.  Gr  TMS.  viii.  p.  32, 
pi.  1.  f.  7.  West  Indies.  Central  space 
furnished  with  a  median  bar,  as  in  C.  no- 
tatus,  only  less  conspicuous,  Grev. 

C.  stellatiis  (Gr.). — Valve  orbicidar, 
with  a  naiTow  marginal  band  of  close, 
short  costa3,  an  inner  circle  of  dotted 
lines,  and  a  central  space  marked  witli 
irregular  radiating  lines.     Gr  MJ.  vii. 


p.  157,  pi.  7.  f  3.  Califomian  guano. 
Costas  10  hi  -001". 

C.  radiosus  (E.).  — Disc  subcircidar, 
small,  with  smooth  or  obscurely  pimctate 
centre,  and  border  of  about  seventy 
closely-set,  radiating  costje.  KSA.  t.  28. 
f  12.  Fossil.  Vera  Cruz.  _  Upper  Pe- 
ruvian guano.  We  have  noticed  a  Cam- 
pylodiscus in  Bolivian  guano,  and  sup- 
posed it  to  be  this  species.  The  costas 
are  numerous,  radiating,  and  unequal, 
enclosing  a  quadi'ilateral,  obsoletely 
pimctate  central  space,  divided  by  a 
median  hyaline  line,  and  having  at  its 
angles  3-4  converging  costas. 

C.  vulcanius  (E.). — Disc  large,  sub- 
orbicidar,  flexuose,  with  about  42  mar- 
ginal rays,  and  smooth  centi-e.  KSA. 
p.  33.  Peru. 

C.  bicruciatus  (Greg.). — Disc  circidar, 
with  a  square  median  space  occupied  by 
crossed  striae,  and  prolonged  to  margin 
by  fom-  pairs  of  tapermg,  transversely 
striate  processes  in  a  crucial  manner,  each 
inteiwal  with  foiu'  strong  radiant  costae. 
Greg  MT.  v.  p.  78,  pi.  1.  f  42.  Marine. 
Glenshira,  Scotland.  A  very  peculiar 
species,  but  difiicidt  to  describe.  The 
square  centi-e  is  lattice-like,  and  itself 
obscm-ely  subdivided  into  smaller  qua- 
drate portions ;  from  it  proceed  to  the 
margin,  in  a  crucial  manner,  foiu-  pafrs 
of  conical  prolongations;  the  intervals 
between  the  pairs  are  occupied  by  strong 
rays,  which,  together  with  the  striated 
prolongations,  are  connected  within  the 
margin  in  a  scolloped  manner. 

2 1  Disc  more  or  less  evidently  divided 
into  lateral  portions  by  a  median  line 
or  band ;  costae  imperfectly  radiant. 

C.  Hibernicus  (E.).  —  Disc  tortuous, 
with  numerous  (30  to  40)  continuous, 
imperfectly-radiant  costae,  enclosing  an 
irregularly  shaped,  minutely  punctated 
central  space.  EM.  pi.  15  a.  f.  9.  =  C.  cos- 
tatus,SBD.  i.  pl.G.  f  52.  Aquatic.  Britain, 
(iv.  .38.)  The  costae  are  loosely  disposed 
(4  in  I-1152"),  slightly  rough  from  mi- 
nute granules,  and  extend  in  length  about 
half  the  radius.  Their  radiant  arrange- 
ment is  somewhat  imperfect,  from  the 
convergence  of  two  or  more  at  eacli  end. 
Mr.  Norman  has  gathered  this  species 
very  pure  near  Ilidl. 

C.  Noricus  (E.).  —  Disc  suborbicular, 
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tortuovis,  gradually  smootli  in  the  cen- 
tre ;  costffi  numerous,  continuous,  their 
crest  acute.  KSA.  p.  33.  Aquatic. 
Asia;  Salzberg.  Fossil  at  San  Fiore. 
Rays  7  in  1-1152".    D.  432". 

C.  Kutzingu(B.).—Disc  saddle-shaped, 
broadly  margined,  marked  with  about 
50  transverse,  continuous,  curved  sulci. 
B.  in  Proc.  Acad.  Phil.  1853.  PhiHppine 
Islands.  . 

C.  Balfsii  (S.).— Disc  small,  subcir- 
cular,  bent;  costje  transverse,  reaching 
the  median  line.  SBD.  i.  p.  30,  pi.  30. 
f.  257.  Marine.  Britain.  The  cost®  of 
one  side  are  divided  from  those  of  the 
other  by  a  longitudinal  median  line. 

C.  Normanicus  (Gr.).— Costte  3  to  4  in 
•001",  imperfectly  radiant,  passing  across 
a  linear-oblong  central  depression  to  the 
narrow  median  blank  line.  Gr  1Mb. 
viii.  p.  29,  pi.  1.  f.  1.    West  Indies. 

C.  notatiis  (Gr.).  — Gestae  numerous, 
about  12  in  -001",  in  length  more  than 
half  the  radius ;  central  space  oval,  with 
a  median  thick  bar  dUated  at  each  end. 
Gr  TMS.  viii.  p.  31,  pi.  1.  f.  4-  Shell- 
cleanings.  Distingiushed  by  the  mark- 
in<rs  of  the  centre,  which  Mr.  Norman 
aptly  compares  to  the  figure  of  a  dumb- 
bell, Gr.  ■     1     V  4. 

C .  decorus  (Br6b. )  .—Disc  cu'cular,  bent, 
with  a  simple  series  of  long,  arcuate  coste, 
and  a  smooth,  naiTOW-lanceolate  median 
space.    BDC.  p.  13.  f.  2.  =  C.  ^Ifm? 
GDC.  p.  30,  pi.  3.  f.  52.  Marme.  France, 
Britain.    "  This  species  is  very  elegant. 
Its  costaj  are,  with  the  exception  ol 
one  or  two  central,  all  curved  towards 
the  ends,"  Breb.     The  foUowmg  re- 
marks are  from  Dr.  Gregory's  paper:— 
"  I  have  referred  it  to  C.  Ralfsii,  b.,  al- 
thouo-h  it  is  much  larger  than  the  torm 
fio-ured  by  him,  and  although  there  are 
other  diflerences.  Thus  in  C.  Balfsii  the 
canaliculi  reach  the  median  line,  and  the 
row  of  heads  or  expansions  lie  some  di- 
stance from  the  margin.    But  these  dif- 
ferences cannot  be  regarded  as  specific. 

C.  angularis  (Greg.).— Disc  suborbicu- 
lar  •  costfB  very  numerous  (160  or  more) 
and  unequal,  imperfectly  radiant,  form- 
ino-  a  simple  marginal  band,  and  divided 
into  two  sets  by  prolongations  of  the 
large,  oval  central  smooth  space  GDC. 
"  §0  t  .3  f  53.  Doch  Fine,  Scotland. 
?jamed"from  the  angular  bending  back 
of  the  valves.  The  costtB  are  longest  at 
the  middle  of  each  side;  and,  as  in  C. 
d  m  all  except  the  central  ones  are 
cuived  with  the  concavity  towards  the 
ends  and  become  also  gradually  smaller 
on  appJ)aching  them.   "A  true  median 


line  is  visible,  but  is  very  delicate  

The  sm-face  of  the  valve,  both  above  and 
below — that  is,  near  both  ends  of  the 
median  line — is  suddenly  bent  back,  so 
as  to  foi-m  an  angle  with  the  rest  of  the 
valve.  On  the  surface  thus  bent,  short 
lines  appear  between  the  costaj,"  Greg. 
Distinguished  fi'om  C.  decorm  by  its  more 
numerous  costse,  oval  central  space,  and 
extensions  of  the  latter  separating  the 
costse  into  two  sets. 

C.  Hodqsonii  (S.).— Disc  subcircular, 
bent,  with  a  marginal  series  of  very  nu- 
merous (100  or  upwards)  imperfectly- 
radiating  costae ;  the  central  space  with 
transverse  rows  of  dots  divided  by  a 
naiTow  median  smooth  line.  SBD.  i.  p. 
29,  pi.  6.  f.  53.  Marine.  Britain.  "  The 
smooth  median  line  is  foi-med  by  a  ridge 
and  two  continuous  furrows  passing 
across  the  valve,"  Smith.  The  costse 
near  the  ends  converge.  Itlr.  Eoper  finds 
the  dots  vary  greatly  in  number,  distmct- 
ness,  and  arrangement,  especially  m  the 
larger  specimens,  and  on  this  account 
considers  C.  eximhis  not  distinct  from  it. 

C.  condnnus  (Grev.).  —  Costse  5  m 
•001",  radiant,  forming  a  naiTow  mar- 
o-inal  band;  central  area  oval,  furnished 
wth  numerous  transverse  momMorm 
striee,  interrupted  by  a  median  blank  line. 
=  C.  marqinatus,  Johnst.  mM J .  vm.  p.  13, 
pi  1.  f.-li;  GrTMS.  viii.  p.  8,f.  2.  Shell- 
scrapings.  New  Providence.  Califorman 

guano.  ,  .  1 

C.  exiimm  (Greg.).— Disc  subcircidai-, 
bent ;  costffi  strong,  very  numerous  (otten 
150),  rather  short,  in  a  single  margmal 
subradiating  circle,  enclosing  a  large  hya- 
line space,  fiu-nished  with  scattered  gra- 
nules and  a  median  Hue.    G1)C.  p.  6L, 
T)l  3  f  54.    Marine.    Loch  Fine,  bcot- 
land'   The  costse  of  C.  eximius,  like  those 
of  C  Hodgsonii,  are  rendered  imperfectly 
radiant  by  the  convergence  of  those  near 
the  end  of  the  median  line  or  raphe. 
a  eximius  differs  fi-om  that  species  m  its 
less  conspicuous  and  scattered  gi^ani^es, 
iimsible  except  when  highly  magnified. 
Mr.  Roper,  however,  may  be  rig^it  m  re- 
garding it  as  a  variety  of  C.  ^^odgsonn 
since  Professor  Gregory  himself  states 
that  the  gi-anules  "  in  some  mstances 
show  faint  traces  of  a  linear  Mrangement 
close  to  the  marginal  band. 


2  *  Disc  circulw  or  suhcircuJw,  with  a 
double  concentric  series  of  costcd. 
C.  centralis  (Grog.).-Disc  with  about 
forty,  equal  radiating  costoe,  leavuig  a 
smali  umbilical  space  ;  the  costiB  conti- 
nuous, but  divided  into  two  series  by  a 
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sliade-like  baud,  the  inner  series  fainter. 
GDC.  p.  30,  pi.  3.  f.  51.  Marine.  Loch 
Fine,  Scotland.  Professor  Gregory  sup- 
poses that  the  appearance  of  a  line  which 
divides  the  costa  is  caused  by  a  ridge. 

C.  fmesfratiis  (Grov.).  —  Disc  circular, 
with  marginal  radiating  costse  divided 
by  a  line  into  two  series,  the  inner  one 
fainter  and  enclosing  a  central  space 
occupied  by  fom-  lattice-like  sculptures 
formed  by  three  or  four  bars  crossing 
each  other  at  right  angles.  Grev.  in  MJ. 
V.  p.  9,  pi.  3.  {.  4.  Marine.  West  Indies. 
The  continuous  costre  are  divided,  as  in 
C.  centralis,  by  a  line  into  two  concentric 
series.  A  species  distinguished  by  the 
"  four  remarkable  sculptui'es,  exactly  re- 
sembling square  windows  in  miniatm-e, 
the  bars  sliarp  and  slender,  and  the  panes 
actuaUv  appearing  as  if  they  transmitted 
light,"*Gr. 

C.  Ecclesianus  (Grev.).  —  Disc  subcir- 
cular,  with  a  border  of  two  concentric 
series  of  very  short,  radiating  costse,  or 
nan-ow-oblong  cellules ;  central  space 
with  two  rows  of  transverse  broad  bars, 
separated  by  a  median  line,  from  each 
end  of  which  proceeds  a  semicircle  of  fine 
striae.  Gr.  I.  c.  p.  10,  pi.  3.  f  5.  Marine. 
West  Indies.  "Similar  in  size  to  the 
last,  but  somewhat  more  contorted,  so 
that  when  one  portion  of  the  valve  is  in 
focus,  the  details  of  the  remaining  por- 
tion are  less  visible.  The  valve  is  con- 
cave ;  the  central  portion,  occupied  by  the 
two  rows  of  bars,  is  nearly  flat ;  but  on 
each  side  of  the  rows,  and  at  their  termi- 
nation, the  disc  is  inflated,  the  lateral 
inflations  being  unscidptm-ed,  the  ter- 
minal ones  striated,"  Grev. 

C.  hicostatus  (S.). — Disc  suborbicular, 
saddle-shaped,  with  from  twenty  to  forty 
unequal  radiating  costa3,  interrupted  so 
as  to  form  two  concentric  series,  enclos- 
ing an  oblong,  smooth  central  space. 
Eo.  in  MT.  ii.'pl.  6.  f.  4;  SBD.  ii.  p.  88. 
Thames ;  Norfolk.  Diam.  about  1-384". 
Costse  distinct,  their  length,  at  sides, 
about  half  the  radius,  at  the  ends  much 
shorter.    Inner  series  less  distinct. 

C.  Clypeus  (E.).  —  Disc  suborbicular  ; 
rays  numerous  (40  to  100),  radiating, 
partially  inteniipted,  and  forming  two 
incomplete  concentric  series  ;  the  large 
punctated  central  space  divided  by  a 
median  smooth  line.  EM.  pi.  10. 1.  f.  1 ; 
SBD.  ii.  p.  88.  In  fresh  and  brackish 
waters ;  also  fossil.  Asia,  Afi-ica,  Ame- 
rica, Europe,  England.  Original  draw- 
ings of  this  elegant  species  are  given  in 
xvn.  516,  5 18.  Diam.  1-57(3"  to'  1-216". 
Costaj  punctated,  continuous  at  tlie  ends. 


but  inteiTupted  at  the  sides,  where  they 
form  two  series.  In  the  central  space 
are  two  oblong  sculptured  portions,  sepa- 
rated by  the  smooth  median  line. 

C.  Eemom  (E.).  — Disc  suborbicular, 
tortuous,  with  interrupted  rays  and  a 
smooth  centi-e.  KSA.  p.  33.  Marine. 
Baltic.    D.  480". 

C.  mart/inatus  (E.). — Disc  small,  in 
the  middle  smooth,  subscabrous,  fur- 
nished in  the  margin  with  a  double 
series  of  cellules,  the  external  fine,  the 
inner  larger,  evident,  closed  at  the  oppo- 
site ends,  open  and  radiated  in  the  mid- 
dle. KSA.  p.  33.  Maritime.  King's 
Island,  India,  Ceylon. 

Cfastuosa  (E.). — Disc  suborbicular, 
cm-ved ;   costte  subdistant,  continuous, 
divided  into  two  concentric  series,  the 
outer  inflated,  inner  shorter,  stalk-like, 
enclosing  a  finely  and  ti-ansversely  stal- 
ated  central  space.    KSA.  p.  33.  =  C. 
Thureti,  BDC.  pi.  1.  f  41 ;  C.  simidam, 
Grev  MJ.  v.  pi.  1,  £  41.    Marine.  Asia, 
France,  England.  C.  fastuosa  is  easily  di- 
stinguished from  every  preceding  species, 
except  C.  marginatus,  by  its  finely  striate 
central  space  and  the  peculiar  appearance 
of  its  costse,  which  are  divided  by  a  line 
into  two  parts,  compared  by  Professor 
Gregoiy  to  a  lotus-flower  on  a  stalk.  Pro- 
fessors Kiitzing  and  Gregory  note  its  re- 
semblance to  Surirella  fastuosa ;  we  be- 
lieve it,  however,  quite  distinct,  as,  in 
addition  to  its  circular  and  bent  fonn,  the 
central  striae  are  finer  and  more  nimierous. 
C.  fastuosa  varies  considerably  in  size, 
and  in  the  comparative  breadth  of  the 
central  portion,  which  is  sometimes  a 
mere  line,  at  others  lanceolate,  or  even 
oval.    The  costse  are  either  intemxpted 
by  the  prolongation  of  the  central  por- 
tion to  the  margin,  or  continued  all 
roimd. 

C.  ambiffuus  (Gr.). — Disc  suborbicu- 
lar ;  costae  distant,  reaching  nearly  to  the 
centre,  partially  interrupted  at  the  mid- 
dle ;  in  the  centi-e  an  oblong  depression, 
within  which  is  a  short,  linear-elliptical 
blank  line.  Jamaica,  Port  Natal.  Gr 
MT.  viii.  p.  31,  pi.  1.  f  5.=  C  latus,  Sh 
MT.  ii.  pi.  1.  f.  t-i. 

C.  parvulus  (S.).  —  Disc  subcircular, 
minute;  costae  few  (about  twelve),  in 
length  about  two-thirds  of  radius;  centi-al 
space  obscurely  striated.  SBD.  i.  p.  30, 
pi.  6.  f  56.  England,  (xv.22,23.)  Wo 
nave  found  this  form  generally  accom- 
panying C.  fastuosa.  Lilcc  that  species, 
it  is  sometimes  oblong,  and  probably  is 
only  a  small  variety.  It  is  usiially  much 
bent,  and  is  the  smallest  species  known, 
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3  *  Disc  mhdrmlar,  with  radiating  series 
of  (jramdes  or  perforation-like  dots. 
Coi'onia  (Ehr.'). 

C.  Eclmieis  (E.)— Disc  bent,  with  n\\- 
merous  ii-regulai-ly  radiating  series  of 
conspicuous  dots,  becoming  fewer  and 
more  scattered  near  the  centre.  KSA. 
p.  34.  =  C.  Arqus,  BMO.  pi.  2.  f.  24,  25; 
a  a-ibrosus,  SBD.  pi.  7.  f.  55.  Marine. 
America,  Europe,  England.  Diam.  1-288". 
The  costffi  are  neai'ly  obsolete,  and  con- 
fined to  the  margin.  We  refer  C.  Argtis 
to  this  species  upon  the  authority  of  om- 
lamented  friend  the  late  Professor  Bailey. 

C.  diplostictus  (Norman).— Disc  with 
conspicuous  marginal,  monilifonn,  radi- 
ating lines,  alteniate  ones  shorter,  and  a 
laro-e,  subelliptic,  central  blank  space. 
GrevTMS.  viii.  p.  31,  pi.  1.  f.  6.  Austraha. 
The  cellules  of  the  strias  ai-e  Imear-oh- 
long,  and,  being  marked  longitudinally 
by  a  faint  line,  appear  doubled. 

C.  heliophilus  (E.).— Disc  small,  sub- 
orbiculai-,  including  in  the  broad  and 
smooth  median  area  a  CLuadi-ate  series  of 
oranules,  similar  series  of  gi-anules  being 
?adiately  disposed  in  the  broad  margin, 
and  in  a  double  concentric  order;  the 
external  rays  simple,  the  inner  ones 
binary.  KSA.  p.  33.  Maritime.  India, 
China.  The  proper  arrangement  of  this 
and  the  next  species  is  doubtful. 

C.  Indicus  (E.).— Disc  large,  with  a 
subquadi-ate,  smooth,  median  area,  and  a 
very  broad  margin  formed  of  fine  and 
dense  radiating  series  of  gi-anules  in  a 
double  concentric  order.  KSA.  p.  33. 
Maritime.    King's  Island,  India. 

Var.  jS.  Concentric  rays  continuous. 
Var.  y.  Concentric  rays  inteiTupted. 

4  *  Disc  suhcircuhr,  with  a  narroio,  me- 
dian, jiervious,  smooth  hand,  and  trans- 
verse lateral  stria. 


C.  ?  striatus  (E.).— Disc  with  two  series 
of  about  13  transverse  strise  on  each  side 
of  the  median  line.  EA.  iii.  pi.  7.  f.  13 ; 
KB.  pi.  28.  f.  11 ;  Bri  MJ.  vii.  p.  79,  pi.  9. 
f.  4.    Fossil.    Vera  Cruz. 


5  *  Frustules  in  lateral  view  not  circular. 

C.Surirella  (E.). — Disc  large,  flexnosc) 
oblong ;  the  middle  broad_  and  smooth, 
the  margin  nairower,  with  radiating 
striae.    KSA.  p.  33.    Aquatic.  Spain. 

C.  oya^Ms.— Disc  curved,  large,  ovate, 
obtuse,  with  nine  very  broad  pinna  in 
1-27 Q".  =  Surirclla  Clypeus,  E.  Marine. 
Baltic.  1-276". 

C.  EJirenberrjii. — ^Disc  flexuose,  small, 
ovato  -  elliptic ;  ends  equally  rounded ; 
margin  striated,  with  from  10  to  12  ccstae 
in  l-\2<X)".  =  SurircUa  Cajnpijludiscus,  E. 
Aquatic.  Italy,  Mexico,  (xv.  fs.  12, 13, 
22  &  23  ) 

C.  sjnralis  (K.,  S.).— Spirally  twisted, 
with  a  dotted  margin ;  laterally  elliptic, 
with  about  60  nearly  parallel  costa3 ;  cen- 
tre of  disc  minutely  punctate.  SBD.  i. 
p.  29,  pi.  7,  f.  54.  Aquatic.  Em-ope, 
England,  (rv.  39.)  C.  spiralis  iiSera  h-om 
C.  Eihernicus  in  its  elliptic  and  twisted, 
not  saddle-shaped  fe-ustule.  We  doubt 
if  it  be  distinct  from  C.flexuosa. 

C.Jlexuosa  (E.).— Disc  large,  flexuose; 
costte  4  or  5  in  1-1200".  =  'S'«nVe//«^ex- 
uosa,  E.  KB.  t.  28.  f.  25.  Aquatic. 
Africa,  South  America,  Mexico,  France. 

(XV.  f.  11.)  ^  ^ 

C.  elec/ans  (E.).— Large,  very  broad, 
with  sti'bacute  ends,  and  very  finely- 
punctate  Bivdace.  =  Surirella  ekgans,  E. 
KB  t.  28.  f.  23.  Aquatic.  Germany, 
Mexico.  Costas  4  in  1-1200".  Known 
only  by  fi-agnients. 

C.Myodon  (E.).— Small,  rather  ciu-ved, 
laterally  elongated,  naiTOw,  with  one  end 
rounded  (the  other  imknown),  with 
small,  closely-set  costfe,  giving  the  mu- 
ffin a  toothed  appearance.  =  Surirella 
Myodon,  E.  KB.  t.  28.  f.  24.  Mexico, 
Japan,  Africa.  Cost^e  6  or  7  m  1-1200". 
Known  only  from  fragments. 

C.  ZonaUs  (Ph.).— Disc  large,  greatly 
deflected  ;  "  radh  synimeti-ical  to  two 
axes;  concentiic  striation  may  be  de- 
tected, and  some  appearance  of  puncta- 
tion  on  the  outer  edge."  Foimd  m  cre- 
taceous, mtu-ly  deposits.  Bridlington, 
Yorkshire.    Prof.  J.  PhiUips,  1845. 


Genus  CALODISCUS  (Eab.).-Discoid;  disc  subcWar,  ^th  ™rous 
roften  64)  m^-lilce  bands  each  connected  at  the  broad  striated  |™  ^^^h  it« 
ISbours  and  forming  ooth-like  straps;  centx-e  not  stnated,  clonded,  with 
rSSr'ansverse  one-branched  zone.  The  umbiHcal  zone  is  probably  non- 
LSS,  and  we  doubt  whether  this  genus  be  distinct  from  Campylodiscus 


Calodiscus  supcrhus  (Rab.).— -Disc 
large,  flat,  with  a  distinct  closely  striated 
rinV,  and  equal  radiating  costse  enclosing 


a  loi-gish  clouded  umbilical  space.  Rab. 
D.  pri2.  t.  3.  Aquatic.  Italy,  (yni.  56.) 


OP  THE  STRIATElLEiE. 
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FAMILY  VI.— STRIATELLEiE. 

Filaments  compressed;  the  central  portion  of  the  frustidc  furnished  with 
incomplete  longitudinal  septa,  which  appear  like  striae  or  costa3.  The  Stria- 
teUete  form  a  very  distinct  group,  distinguished  from  every  other  hy  having 
parallel  longitudinal  strite  or  costae  on  the  central  or  connecting  portion  of  the 
frustiile.  "The  appearance  of  longitudinal  stiiae  is  in  fact  produced  by 
siliceous  plates  arising  internally  fi-om  the  margins  of  the  filament,  and  ex- 
tending towards  but  not  reaching  the  centre.  The  interior  is  thus  divided 
into  chambers,  opening  into  a  central  space.  When  viewed  laterally,  this 
central  space  resembles  a  canal,  especially  as  the  inner  edge  of  each  plate  has 
a  concave  outline  "  (Ralfs,  ANH.  xiii.).  The  striae  and  septa  are  frequently 
conterminal ;  in  some  genera  this  appearance  is  constant,  and  then  the  striae 
are  said  to  be  interrupted.  We  believe,  however,  that  the  striae  ai-e  really 
continuous,  although  always  more  strongly  marked  where  they  coincide  with 
the  septa,  and,  on  the  other  hand,  very  indistinct,  especially  in  a  young  state, 
when  they  are  merely  formed  by  an  internal  rib.  Prof.  Smith  adds  the 
following  explanation  : — "  The  valves  (lateral  surfaces)  are  similar  in  character 
to  those  of  the  other  Diatomaceae,  and  are  formed  during  self-division  in  the 
same  manner ;  but,  instead  of  the  usual  repetition  of  the  process  of  valve- 
formation,  we  are  here  presented  with  a  subsequent  intervalvular  development 
which,  not  confined  to  the  exterior  of  the  frustule,  projects  a  plate  of  sUex 
into  its  interior,  forming  a  septum  or  partition  extending  towards,  but  not 
reaching,  the  centre  of  the  cell,  and  appearing  as  a  compressed  rim  or  annulm 
of  silex,  whose  outer  or  larger  circumference  foUows  the  exterior  outline  of 
the  frustule,  and  whose  inner  edge  bounds  the  free  space  which  serves  as  a 
channel  of  communication  between  the  chambers  into  which  the  cell  is  thus 
divided.  This  process  is  either  simultaneous,  and  the  frustule  definite,  or 
successive,  and  the  frustule  indefinite.  In  the  first  case  the  annuli  of  sUex 
are  formed  during  the  production  of  the  valves  in  the  progxess  of  self-division, 
and  on  every  repetition  of  such  production ;  while  in  the  second  case  the 
formation  of  the  annuli  is  continued  after  the  production  of  the  valves,  and 
is  repeated  an  uncertain  number  of  times  before  the  recurrence  of  a  new 
valve-production  "  (BD.  ii.  p.  32). 

Kiitzing  divides  this  group  into  StriateUeee  and  Tabellarieae,  but  we  agree 
with  Meneghini  in  thinking  this  division  unadvisable.  "Any  one,"  says  the 
latter,  "  examining  these  beings  with  diligence,  wUl  entirely  convince  himself 
that  the  distinction  of  the  two  orders  is  altogether  insufficient.  No  Tabellaiia 
has  a  central  nodule  in  the  secondary  surfaces  at  all  to  be  compared  mth 
that  of  the  Diatomeae  constituting  his  order  Stomaticae  in  his  fir-st  tribe.  I 
firmly  believe  that  Tabellarieae  and  StriateUeae  ought  to  constitute  one  family, 
since  the  diaphragms,  which  are  considered  characteristic  of  the  second  ex- 
clusively, are  not  wanting  in  the  first "  (M.  I.  c.  p.  475). 

Genus  STRIATELLA  (Ag.,  K.).— FUament  of  few  fi-ustules  ;  stipes  long; 
frustules  longitudinally  striated,  laterally  lanceolate,  with  a  median  line  ; 
septa  short,  inner  ones  longest.  Marine.  The  long  stipes  and  absence  of 
transverse  striaa  on  the  central  portion  best  distinguish  this  genus. 

STRiATKLLAMm>?wnc!;a/rt(Lyngb.,A^.).  I  Algae.  Filaments  minute,  pale  yellowisli- 
-  Frustules  hyaline,  subquadrate,  with   brown,  glass-like,  and  glittering,  usually 

,„v,„ — „   „„„4.4  1:          composed  of  few  frustules.    The  septa 

arc  very  short.  The  internal  colom'ing 
matter  is  generally  collected  into  a 
roundifih  central  moss.    (iv.  40.) 

3  F  2 


numerous  fine,  parallel,  continuous  lines ; 
stipes  longer  than  the  frustule.  SBD. 
ii.  p.  .37,  pi.  39.  f.  307.  Not  uncommon 
in  tlie  nutumu  on  Zostera  and  the  smaller 
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Gomis  TESSELLA  (Ehr.).— Frastulcs  broadly  tabulate,  not  concatenate, 
densely  striated  longitudinally;  ^^rije  alternate,  interrnpted  in   he  m^^^^^ 
stipes  none  ?    "  It  is  impossible  to  udge  of  the  value  of  the  chaiactei-s  that 
dSSgu?sh  it  fr-om  StiiateUa  and  Hyalosira  whilst  we  do  not  lojow  the 
organic  importance  or  the  true  stractm-e  of  the  stnaj    (M.  I.  c.  p.  4bb). 

Mixed  with  Striatellu 


Tessblla  interrupta  (E.).— Erustules 
in   front  view   subquadvate.  1-750". 


KB.  t.  18.  f.  4. 

uniptmctata,  but  less  abundant,  (viii.  0. ) 


Genus  HYALOSIEA  (K.).— Filaments  stipitate  ;  frastules  quadi-ate,  septa 
alternate,  interrupted  in  the  middle,  and  united  by  very  fine  hues.  At 
fiit  I  was  a&'aid  that  I  was  led  by  want  of  skiU  m  observing  to  beheve  that 
I  could  see  in  the  two  longer  species  of  this  genus  a  contmuation  of  the  v^ttaj 
Lm  one  margin  to  the  other,  instead  of  thcii- being  interrupted  and  altemat- 
fno  as  tley  arffigured  and  described  by  Kiit.ing.  Continumg  my  observations, 
I  succeeSd  at  last  in  finding  one  individual  exhibiting  to  my  sight  the  alter- 
Lt  oTdcscribed  ;  hence  I  became  convinced  that  the  latter  condition  is  not 
merdy  inconstant,  but  even  the  least  frequent.  The  secondary  sui-faces  are 
eUiptico-acute  "  (M.  I.  c.  466). 


Hyalosiba  minutissima  (K.).  — 
Shortly  stipitate,  concatenate ;  frustides 
verv  minute,  partially  separating  m  a 
zigzag  manner.  1-5700".  KB.  t.  18. 
£.3  2.    Mediterranean  Sea. 

H.  delicatula  (K.).— Shortly  stipitate, 
concatenate ;  fmstules  minute,  quadi'ate, 
partially  separating  in  a  zigzag  manner. 
1-2640".  KB.  1. 18.  f.  111.  1.  France ; 
Adiiatic  Sea.     (iv.  42.) 

H.  redantjula  (K.).— Shortly  stipitate, 
subconcatenate,  frustules  subquadrate, 
rectangidar.  1-1380".  KB.  1. 18.  f.  3.  3. 
Adriatic  Sea  (xiv.  23) .  Frustules  larger 
than  in  the  preceding  species.  _  _ 

H.  ohtusanqula  (K.).— Longly  stipi- 
tate, ribbon-lilce  or  subconcatenate;  triis- 
tules  quadi-ate,  with  obtuse  angles. 
1-1440".  Adriatic  Sea.  (xiv.  29.)  l-riis- 

a  series  of  transverse  stnse,  so  that,  in  tact,  tne  stiuciure  u 
appearance. 


tules  larger  than  in  the  first  two  species. 

H.  punctata  (Bailey).— Frustules  large, 
united  in  long  chains,  rectangular,  sub- 
quadrate,  ti-ansversely  and  uninter- 
ruptedly vittate,  alternate  ^attaj  gi-anu- 
late  in  the  middle  of  the  frustule,  the 
others  furnished  with  a  series  of  con- 
spicuous pimcta.    1853.  Tahiti. 

H.  Beswickii  {^orm&n,  MSS.).— Septa 
continued  across  the  filament  as  cm-ved 
interrupted  costre ;  valves  oblong,  vnth 
strona-lv  infiated  centre  and  rounded 
ends  r  strife  coai-se,  30  in  -001"  ^ew 
Zealand.  On  Algae  fi-om  Joseph  Bes- 
wick,  Esq.  Frustules  quadrate ;  valves 
sometimes  with  suhcapitate  apices  |_V*  e 
are  indebted  to  Mv.  Norman  for  the  de- 
scription of  this  species.] 


Bhabdonema  minutum  (K.). — Septa 
marginal,  alternate ;  lateral  valves  ob- 
lon-  or  spindle-shaped,  mfiated  at  the 
middle,  transversely  stnated  througW 
SBU.  ii.  p.  35  pi.  38  f-  306-=  M« 
Catena,  Ralfs,  I.  c.  xii.  (not  E.).  Euiopc. 
1-1200''.  Smaller  than  R.  arcmium  ivom 
which  it  diifers  in  the  inllated  or  gibbous 
centre  of  its  lateral  valves.  (iv.4i.J 


R.  arcuntn7n  (Lyngb.,  K.).  — Septa 
mai'ginal,  opposite  ;  lateral  valves  oblong 
or  fmeai-effiptic,  the  transverse  striffi 
absent  near  thek  ends.  SBU.  u.  p-  -i*, 
pi  38  f  305.  =  Stnatclla  nrmafa,  Ag., 
K;  Tcssella  Catena,  Common,  (x. 
20;3  204.)  Diifers  fi'om  R.  nitmdum 
in  tiie  form  of  its  lateral  valves,  and  by 
the  absence  of  striae  near  the  ends ;  t.-T 
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series  of  striic  iu  the  front  view  ai-e  also 
more  conspicuous.  Length  of  frustulo 
1-570"  to  1-200". 

E.  Adriuticum  (K.).— Frustules  with 
four  series  of  septa  (two  marginal  and 
two  median,  the  latter  shortest  at  one 
lateral  margin,  and  gi'adually  longer  as 
they  approach  the  other).  SBD.  ii.  p.  35. 
pi.  iB8.  f.  305.  Common,  especially  from 
deep  water.  On  AlgiB,  which  are  sold 
as  "Corsican  moss."  (xin.  27.)  1-480" 
to  1-168".  Easily  distinguished  by  the 
median  series  of  septa,  which,  more  con- 
spicuous than  the  marginal  ones,  ai*e 
usually  more  or  less  cmwed  or  oblique, 
and  do  not  coincide  with  the  ribs,  but 
cross  the  series  of  strire  ;  they  also  gra- 
dually increase  in  length  from  one  lateral 
margin  to  the  other,  leaving  a  fimnel- 


shaped  median  space. 

K.  Crozieri  (E.).  —  Lateral  valves 
turgid;  apices  obtuse,  shortly  attenu- 
ated; the  perforated  dissepiments  (or 
spiu'ious  joints)  striated,  varying  in 
number.  =  Striutdla  Crozieri,  EKBA. 
1853,  p.  529.  Assistance  Bay.  Stria3 
18  in  1-1152".  (IV.  43.) 

Species  known  to  m  only  by  name. 

R.  mirijicum  (S.). — "A  magnificent 
species,  with  filaments  occasionallyreach- 
ing  -0086"  in  width,  and  with  alternate 
and  cribrose  septa.  Septa  with  several 
(3  to  12)  irregular  perforations."  SBD. 
ii.  p.  35.  Mam-itius  and  Ceylon.  Arnott, 
JMS.  vi.  p.  92 ;  Brightw.  JMS.  vii.  pi.  9. 
f.  11.   (vm.  12.) 


Geuus  STYLOBIBLIUM  (E.).— Fnistules  cylindrical,  multivalved,  not 
concatenated,  valves  in  a  simple  straight  series,  like  the  leaves  of  a  closed 
book,  with  a  large  median  canal,  entire  (not  perforated)  at  the  ends  ;  sciilp- 
tiu'ed ;  tube  smooth.  Eossil.  Stylobiblium  approaclies  nearest  to  Biblarium 
and  Tetracyclus ;  but  the  frustules  in  the  lateral  view  are  orbicular — a  cha- 
racter not  met  with  in  the  other  genera  of  this  family.  The  species  are 
fossil,  and  occui*  only  in  a  fragmentary  state. 


STTLOBrBLiuM  Chjpeus  (E.). — Lateral 
view  with  from  15  to  20  short,  radiant 
marginal  lines,  and  3  or  4  pervious,  trans- 
verse median  ones,  frustules  in  the  front 
view  with  about  34  laminae  or  annidi. 
EM.  pi.  33.  12.  f.  28,  29.  =  Biblarium 
Clypeus,  E.  Oregon  and  Siberia.  Dia- 
meter 1-792".    (rv.  45.) 

S.  didsum  (E.). — Disc  large,  its  centre 
with  about  10  transverse  parallel  lines, 
not  reaching  the  margin,  and  separated 
into  two  series  by  a  linear  longitudinal 


blank  band.  EM.  pi.  33.  12.  f.  30. 
Oregon.    Diameter  1-600". 

S.  eccentricum  (E.). — Disc  \vith  5  to  7 
eccentric,  pei-vious,  curved  lines.  EM. 
pi.  33.  12.  f.  31.  Oregon.  Diameter 
1-760".  A  fi-agment  of  a  cylinder  con- 
tained 9  annuli.  The  costse  in  Ehren- 
berg's  figiu'e  resemble  those  of  Tetra- 
cyclus, the  median  one  straight,  and 
those  above  and  below  cmwed  towai'ds 
the  margin  in  opposite  directions  to  each 
other. 


Genus  BIBLAEIUM  (E.). — Frustules  compressed,  lameUiform,  with  in- 
ternal septa ;  lateral  view  with,  transverse  uninterrupted  costa3,  but  without 
median  inflation.  Fossil.  AH  the  species  arc  fossil,  and,  although  described 
by  Ehrenberg  as  simple,  were  probably  filamentous  in  a  recent  state.  The 
forms  with  inflated  centre  we  concur  with  Professor  Smith  in  removing  to 
Tetracyclus,  and  indeed  only  retain  the  genus  because  we  are  unable  to 
ascertain  at  present  the  proper  situation  of  the  other  species  noticed  here. 


BrBLAMUM  compresmm  (E.). — Lateral 
view  elliptic-oblong,  with  obtuse  ends 
and  lax,  parallel  transverse  costaj.  EM. 
pi.  33.  12.  f.  1.  Oregon.  1-G48". 
Costa)  5  to  7  in  1-1152".  Septa  28  in 
each  frustule. 

B.  elUplicum  (E.). — Lateral  view  ellip- 
tic, with  broadly  rounded  ends,  and  5  to 
8  parallel  transverse  striic  in  1-1152". 
EM.  t.  33.  12.  X.  2.  Siberia  and  t)rcgon! 
1-1080".     Difi'ers  from  B.  romprcmmi 


only  in  its  more  elliptic  lateral  valves. 

B.  Lamina  (E.).  —  Lateral  valves 
broadly  linear,  with  rounded  euds, 
slightly  constricted  middle,  and  7  to  8 
parallel  transverse  strire  in  1-1152". 
EM.  pi.  33.  12.  f.  4._  Oregon.  Ehren- 
berg's  figure  shows  little  or  no  constric- 
tion. 

B.  liiiriire  (E.). — Lateral  valves  nar- 
rowly linear,  Avith  rounded  or  subacute 
ends,  and  4  to  8  parallel  transverse  S'triic 
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B.P  ffibhm  (E.).— Frustules  smooth, 
bacillai' ;  2  to  4  together,  with  straight 
lateral  view  gibbous  at  the 
KSA.  p.   117.  Kurdistan. 
A  doubtful  member  of  this 


centre ; 
middle. 
1-1152" 
family. 

Species  known  to  us  only  by  name. 

B.  Chilensc  (Eh.  Chili.).— "Related  to 
JB.  compressum"  EM.  p.  301. 

B.  constrictum  (E.).— Eossil.  North 
Asia. 


in  1-1152".  EM.  pi.  33. 12.  f.  0.  Siberia 
and  Oregon.  Ehrenberg's  figures  scarcely 
difter  fi'om  those  of  B.  Lamina,  except 
in  being  narrower. 

B.  Lancea  (E.).— Lateral  valves  lan- 
ceolate, with  subacute  apices,  and  3  to  8 
parallel  transverse  stiiaj  m  1-1152  .  EM. 
t.  33.  12.  f.  5.  Oregon.  Twenty-seven 
septa  in  each  frustule.  1-336". 

13.  Castellum  (E.).— Lateral  view  ot 
central  portion  elliptic,  with  obtuse  ends, 
and  four  marginal  imdulations.  EM. 
t.  33.  2.  f.  1.  Siberia.  1-900".  Lateral 
valves  imknown.   (iv.  44.) 

Genus  GOMPHOGEAMMA  (Bratm). -Filaments  compressed,  continuon-s, 
of  fewfrastules;  septa  clavate,  alternate,  nearly  equal;  lateral  valves  eUipUc 
Juried  with  stra  gilt  transverse  costa3.    Aquatic.    Gomphogramma  agrees 
S  Tetra^clus  in  its  freshwater  habitat  and  in  the  strong  transverse  cost^ 
Tf  itelterXalves,  but  differs  (as  we  beheve,  e-ntiaUy  by i^ cl^^^^^^^^^ 
which  are  not  continued  as  costue  across  the  central  canal.    We  aie  not  sul 
lientlv  acqnainted  with  the  structui'e  of  Biblarium  to  decide  what  may  be 
iciently  acquaintea  w      ^  improbable  that  further  investigation 

t:":'^^'^^^.  Professor  SmiSi  thi.  contrasts  Gomph^g^^^^^^^^^ 
STetracvclus— "In  Tetracyclus  the  valve  is  cruciform,  and  the  costte 
Sed  irSXhogramma  the'valve  is  elliptic,  and  the  cost^  ^'-^^  h^t 
?£se  s^em  rather  to  belong  to  specific  than  ge-n^  e^^^^^^^^^^  tiSa^ 
priety  of  uniting  these  genera  hardly  admits  of  a  question     (AJNU.  Januaiy 

1857). 


Gomphoghamma  rupestre  (Braun). 
Frustules  subquadrate,  with  from  one  to 
three  septa  on  each  side  and  gland-iike 
dots  along  the  junction-margins.  Braun 
in  Eab  D.  pi.  33.  t.  9.  Freiburg ;  Pyi-e- 
nees  This  seems  to  be  a  mountamous 
species,  and  most  probably  its  detection 


would  reward  a  search  in  om-  alpme 
districts.  In  its  clavate  septa  it  some- 
what resembles  Tei-psinoe,  but  the  re- 
semblance is  merely  supei-ficial ;  for  the 
septa  in  that  genus  are  ti-ansverse,  and 
in  this  longitudinal ;  consequently  they 
belong  to  different  groups. 


n        rnJT-R  4  rvn  ITS  CEalfsV— Filaments  free,  elongated,  inflated  at 

constituted  by  Ehrenberg  in  1845,  ^PP^'^^^'^.^^.^Tac^^^ 
in  the  solitary  character  of  ^t^f™^*^^?,  ,  "^^^^^^^^^^^ 
fossil  natiu-e  of  the  gatheiings  from  which  Ebi-enbei„  amv  1 
I  feel  assm-ed  that  aU  the  species  are  filamentous  lyWg^^^^^^^ 
the  greater  number  of  them  are  casual  varieties  of  Tekacydus  lacmi^ns 
(SBD.  ii.  p.  37) 


TRTRACYCLns  lacustris  (Ealfs). —  La- 
teral View  with  the  inflations  and  ends 
rounded.  SBD..  n.  P- 38,  pl- 39-  /•  308 
=  Stnatella  Thtencmamn,  EA.  p.l3b, 
Biblarium  Stella;  B  Glaus  and  B.s^w- 
ciosim  EM.  pi.  33 ;  B.  stmmosuin,  E]\I. 
pr33  2^f.  l3.  Eecent,  Britain  and 
i   1      ■  Oreo'on   and  Sibcna. 

fxf24  25.  The  median  inflation  seems 
Variable ;  it  is  sometimes  so  much  de- 


veloped as  to  foinn  a  crucial  figiue  re- 
sembling the  quaterfoil  of  a  Gothic  Avin- 
dow,  but  sometimes  merely  a  slight 
swellina-,  as  in  Biblarium  siKcw.ium  (li.). 

T  ^arginatus  (E.,  S.).  - Inflations 
deeply  notched,  otherwise  like  T.  lact>s- 
<m,  feBl).  ii.  p.  38.  =  2?/W«'-,m»  t^narffi- 
mdum,  EM.  pi.  33. 2.  f.  G.  Eecent, Brit^un : 
fossil,  Siberia  and  Mexico. 

T.elcgans  (E.V —Inflations  ncule.= 
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Biblarimn  elegans,  EM.  t  33.  2.  f.  4 
Fossil.  Siberia.  Elireubci'g's  figure  of 
this  speeios  ditt'ers  from  T.  Rhoinhus 
merely  in  its  more  developed  iuilation. 

T.  iihombus  (E.). — Lateral  view  rhom- 
boid, with  subacute  angles.  =  Bihlarmm 
Rhoinhus,  EM.  pL  33.    Fossil.  Siberia 


niid  Oregon. 

T.  ?  Crtix  (E.).  —  Lateral  view  cmci- 
form,  -with  ti-ansverse  parallel  strite  and 
a  median  svLi\\vQ.  =  Biblarium  Crux,  EM. 
pi.  33.  2.  f.  3.  Siberia.  Striae  18  in 
1-1152",  A  doubtful  member  of  this 
■genus. 


Genus  TABELLAEIA  (E.). — Frustules  quadrangular,  united  into  a  fila- 
ment, at  length  partially  separating  and  forming  a  zigzag  chain ;  septa  equal, 
straight ;  lateral  sui'faces  inflated  at  ends  and  middle.  Aquatic.  Tabellaria 
differs  from  the  other  genera  of  ttis  family  by  having  three  inflations  of  the 
lateral  sm-faces. 


Tabellama  _^oecMfos«  (Roth,  K.). — 
Jomts  subquadrate,  with  from  3  to  7 
attenuate  septa  from  each  margin ;  la- 
teral view  with  three  nearly  equal  infla- 
tions; the  intei-mediate  portions  linear. 
SBD.  ii.  p.  45,  pi.  43.  f.  316.  =jBacillaria 
tabellaris,  EL  p.  199.  =  Navicula  trinodis 
in  part,  1^.=  Tabellaria  vulgaris,  E.  Com- 
mon, (xm.  29.)  Best  distinguished 
from  T.  fmestrata  by  its  less  elongated 
fi-ustules  and  more  nimierous  septa, 
which  usually  alternate  with  those  fr-om 
the  other  margin.  We  believe,  however, 
that  each  complete  septmn  has  an  oppo- 
site one  which  is  generally  rudimentary, 
though  sometimes  more  developed  and 
conspicuous.    1-860"  to  1-480". 

T.  ventricosa  (K.).  —  Frustules  as  in 
T.fiocculosa,  but  the  central  inflation  of 
the  lateral  view  much  larger  than  the 
terminal  ones.  KB.  t.  30.  f.  74.  =  T.  bi- 
ceps, EM.  several  figiues.  (xm.  26.) 
Common.  1-960".  Professor  Smith 
unites  this  to  T.  Jlocculosa,  and,  as  we 
believe,  justly,  since  intennediate  forms 
are  not  uncommon. 

T.  Gastrum  (E.). — Very  small  lateral 
view  with  a  subglobose  median  inflation 
and  somewhat  narrower  capitate  apices. 
KSA.  p.  119.    Fossil.  Labrador. 

T.  rohusta  (E.).— Thick,  three  times 
as  long  as  broad,  with  broad  gibbous 
centre  and  large  subacute  terminal 
capitula.  EM.  pi.  33.  f.  15.  Fossil. 
America.  1-864".  Probably  another 
variety  of  T.fiocculosa. 


T.  ampMlepta,  EM.  pi.  3. 4.  f.32.  Fossil. 
Boston.  Ehrenberg's  figure  shows  the 
lateral  view  with  inflated  centre,  as  in 
T.fiocculosa ;  but  the  extremities-are  not 
dilated. 

T.  nodosa  (E.).  —  Small,  slender,  no- 
dose ;  nodules  five,  the  median  one  rather 
largest,  those  adjoining  oblong.  EM. 
several  figures.  Siberia.  Lough  Moiune 
deposit,  &c.  Ehrenberg's  figm-es  are 
elongated,  with  four  constrictions,  and 
consequently  five  inflations,  of  which  the 
median  and  tei-minal  are  suborbicular 
and  the  intermediate  oblong.  "  Alrin  to 
Grrammato2)hora  undulata"  (E.). 

T.  fenestrata  (Ljmg.,  K.). — Front  view 
linear,  vnth  two  opposite  septa  fi'om  each 
end ;  lateral  view  with  three  nearly  equal 
inflations  and  linear  connecting  portions. 
KB.  t.  17.  f.  22.  =  Tabellaria  trinodis, 
EM.  many  figures.  Common.  1-600" 
to  1-280". 

Species  doubtful,  or  known  to  us  otily  by 
name. 

T.  ampJiicephala  (E.).  — Very  small, 
with  sti'ongly  inflated  centre  and  capi- 
tate apices.  KSA.  p.  119.  FossU.  San 
Fiore.  1-1728".  Scarcely  distinct  fi-om 
T.  ventricosa. 

T.  platystoma  (E.),  Sandwich  Islands ; 
T.  rhabdosoma  (E.),  Asia;  T.  pinmdaiia 
(E.),  Asia;  T.  clavata  (E.),  Northern 
Asia;  T.  undulata  (E.),  Northern  Asia; 
T.  eurociphala  (E.),  Persia;  T.  Semen 
(E.),  India;  T.  Bacilliim  (E.). 


Genus  GRAIOIATOPHOllA  (E.).— ErusttUes  forming  a  filament,  at  length 
partially  separating  and  becoming  a  zigzag  chain ;  septa  in  pairs,  opposite, 
generally  curved;  lateral  view  oblong-lanceolatc,  not  inflated.  Gramma- 
tophora  is  easily  distinguished  from  all  the  other  genera  by  its  striaj'  having 
commonly  a  curve  outwards  near  the  base ;  and  when  this  curve  is  wanting 
it  may  be  known  from  Tabellaria  by  the  absence  of  inflation.  Although 
Kutzing  descnbes  several  species  of  this  genus  as  smooth,  yet  avo  believe  Unit 
all  the  species  arc  striated;  and  notwithstanding  wo  Imvc  admitted  this 
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character  into  somo  of  the  definitions,  we  use  it  merely  to  indicate  that  tht 
stria)  arc  more  distinct  and  more  easily  detected 


*  Lateral  view  oblong  or  lanceolate, 
sometimes  slightly  constricted  beneath 
the  apices. 

t  Septa  straight  or  funnel-shaped. 

Gbammatophoba  striata  (E.).  — 
Large,  with  straight,  parallel  septa ; 
lateral  view  lanceolate.  KB.  t.  29.  f.  76. 
Asia,  Afi-ica,  America. 

G.parallela,  EM.  pi.  21.  f.  26.  We 
know  not  how  this  form  difiers  from 
G.  stricta,  except  that  the  figm-es  of  the 
lateral  valves  exhihit  more  rounded 

""^^G^Tabellaria,  EM.  pi.  18.  f.  89,  90. 
Fossil.  Virginia.  In  Ehrenherg's  figm-es 
the  front  view  has  the  septa  slightly 
cm-ved  and  dilated  inwards  (funnel- 
shaped)  ;  lateral  view  lanceolate,  with  a 
large  central  canal. 

2 1  Septa  with  a  semicircular  ciuwe  near 
the  marginal  ends ;  otherwise  straight. 


G.  marina  (Lyng.,  K.).  —  Septa  with 
a  single  curvatiu-e ;  lateral  "saew  hnear- 
obloDg,  gradually  tapering  into  the  ob- 
tuse apices.    KB.  t.  17.  f.  24:.  =  Diatoma 
tceniceforme,  D.  marinum  (Lyng.),  and 
D.  latruncularium   (Ag.),   D.  brachy- 
qonium  (Carm.),   Bacillaria  Cleopatrce 
(EX,  B.  Adriatica  and  B.  Meneghma 
(Lobarzewshy),    Grammatophora  oce- 
anica.     Everywhere.     Common,  often 
forming  long  chains,  (iv.  47 ;  xi.  52, 5d.) 
The  synonyms  are  adopted  from  Kutzmg, 
and  probably  some  of  them  belong  to 
other  species.    The  frustules  are  oi  very 
variable  length,  sometimes  nearly  square, 
sometimes  many  times  longer  than  broad. 
Connecting  hiuge  slender.  _ 

G.  tropica  (K.).— Large,  with  sti-iated 
margin ;  septa  with  a  smgle  cmvature ; 
lateral  view  linear,  with  rounded  apices. 
KB.  t.  30.  f  71.  Cape  of  Good  Hope. 
1-600"  to  1-156".     Connecting  hinge 

tumid.  ^  ,  .  ,  J  i. 

G.  c/ibba  (E.).— Large,  striated;  septa 
curved  at  outer  end,  otherwise  straight ; 
lateral  view  linear,  with  slightly  in- 
flated centre  and  roimded  ends.  KB. 
t.29.f.77.    Cuba.    (xi.  48,  49.J 

G  Mexicana  (E.).-Large ;  septa  with 
a  single  curvatm-e;  lateral  view  con- 
stricted beneath  the  rounded  apices.  KB. 
t.  18.  f.  1-6.  Em-one,  America.  Con- 
Tipcttner  hinge  tuniia.  .     ^  .  i  j 

Trfihberula  (K.).  - Mnrgiu  striated; 
«epta  once  curved;  lateral  vk.w  lanceo- 


late, with  timiid  centre  and  obtuse  apices. 
KB.  t.  30.  f.  81.  Naples.  1-450".  Con- 
necting hinge  slender.  Difiers  from  G. 
Mexicana  in  its  distinctly  striated  mar- 
gin and  more  lanceolate  lateral  view. 

G.  macilenta  (S.).  —  Frustules  often 
curved;  septa  as  in  G.  marina;  lateral 
valve  linear,  slightly  inflated  at  centre 
and  extremities ;  striaj  00  m  -001".  SBB. 
ii.  p.  43,  pi.  61.  f.  382.  Britain ;  Levant. 
"  The  front  view  in  this  species  is  always 
nai-rower  in  proportion  to  its  length  than 
in  G.  marina.  The  stria?  are  also  far 
more  numerous ;  and  the  frustule,  espe- 
cially in  the  larger  specimens,  shows  a 
decided  tendency  to  assmne  a  curved 
foi-m." 

3 1  Septa  Innately  cm-ved,  both  ends 
hooked  inwards. 

G.  hamulifera  (K.).  —  SmaU,  subqua- 
drate;  septa  cm-ved  throughout,  ^vlth 
their  concavities  towards  each  other. 
KB.  t.  17.  f.  23.  Common,  especially 
from  deep  water,  (xiii.  22.)  1-2400" 
to  1-960".  Distinguished  by  its  small 
quadrate  frustules  and  untfoi-inly  cm-ved 
septa.  It  is  possible,  however,  that  it 
may  be  the  immatm-e  state  of  one  of  the 
following  species. 


4t  Septa  imdidate,  inner  ends  incurved. 

G.  angulosa  (E.).— Septa  hooked  in- 
wards, at  inner  end  and  neai-  the  mar^ 
of  fi-ustule  with  angnlar  cm-ve  mwai-ds. 
KB.  t.  30.  f.  79.  Atlantic  and  Pacific 
Oceans.    Perhaps  a  variety  of  G.  Afri- 

cana.  ^    ,  .^i 

G.  Africana  (E.).  —  Septa  with  three 

imdidations,  the  inner  ends  mcurved ; 

lateral  view  lanceolate,  obtuse.  EM. 

pi  19.  £  34.   FossU,  Gran ;  recent,  not 

tmcommon.    1-2300"  to  1-480". 

G.  Islandica  (E.).  — Septa  mth  three 

undulations,  curved  at  the  centre ;  lateral 

view  navicular,  sti-iated.    KbA.  p.  i-i. 

Iceland.  ^  ...     .  . 

G.  serpentina  (E.).— Large,  with  stn- 
ated  margin;  septa  Avith  several  undu- 
lations and  incurved  inner  ends ;  lateral 
valves  linear,  with  attenuated  ends  and 
obtuse  apices;  connecting  hmge  thick. 
SBD.  ii.  p,43,  pi.  42.  f.  315  =  G.  Mcdi- 
tcrranea  (E.),  according  to  Kutzmg.  ^  ot 
uncommon  in  sheltered  bays'.  Rcniark-- 
able  for  ite  seiiientine  septa,  the  mnnbor 
of  curves  seeming  to  vary  according-^  to 
the  length  of  the  fruslulo;  and  wc  tear 
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that  some  of  the  allietl  species  arc  not 
really  distinct  from  it.  Professor  Smith 
informs  us  that,  in  this  species,  Mr.  West 
finds  the  dots  disposed  in  quincimx,  and 
the  lines  consequently  oblique,  (iv.  48.) 

G.  anguina  (K.).  —  Large,  smooth  ; 
septa  serpentme,  with  the  interior  end 
hooked  inwards.  KB.  t.  17.  f.  25.  At- 
lantic and  Antarctic  Oceans.  1-650"  to 
1-360".  We  see  not  how  this  differs 
from  G.  seiyentina,  as  we  believe  that  no 
species  ia  this  genus  is  really  smooth. 

2*  Lateral  view  with  four  constrictions. 

G.  undulata  (E.).— Lateral  view  linear, 
with  fom-  constrictions  and  rounded 
ends;  septa  in  fi-ont  view  vmdulated. 


IQ3  t.  29.  f.  68.  Fossil,  Greece  ;  recent, 
America.  1-860". 

3*  Lateral  view  lunate. 

G.  arcuata,  EM.  pi.  35  a.  23.  f.  ll,  12. 
Assistance  Bay.  'Hie  figm-es  represent 
the  front  view  with  midulated  septa, 
and  the  lateral  one  lunate,  with  trans- 
verse lines  and  a  central  canal. 

G.  curvata,  EM.  pi.  35  a.  22.  f.  13. 
Antai-ctic  Ocean.  The  figiu-e  shows  the 
lateral  view,  like  that  of  G.  arcuata ;  but 
its  central  canal  is  smaller,  and  there  are 
no  transverse  lines. 

G.  siMilissima.  —  Striae  fine.  A  good 
test  for  high  powers. 


Genus  GEPHYEIA  (Arnott). — Erustules  attached  ;  front  view  with  sub- 
lamellate,  finely  striated  connecting  zone,  destitute  of  septa ;  valves  arcuate, 
dissimilar,  with  transverse  costse  interrupted  by  a  longitudinal  line.  Marine. 
"We  place  Gephyria  with  the  StriateUete  because  of  its  resemblance  to 
Eupleuria;  but  the  absence  of  septa  renders  its  proper  position  somewhat 
doubtful.  The  lower  valve  differs  fi'om  the  upper  one  in  having  a  smooth 
circular  space  at  each  end.  The  strongly  arched  valves  and  absence  of  septa 
distinguish  it  from  Eupleuria.  It  differs  from  Achnanthes  by  having  no 
central  nodule. 


Gephybia  incurvata  (Ar.). — Costse  of 
valve  about  7  in  -001" ;  connecting  zone 
with  stout  longitudinal  costse.  Ar  MJ. 
viii.  p.  20.=  Eupleuria  incurvata,  ArMJ. 
vi.  p.  90 ;  Achnanthes  costata,  Johnstone, 
MJ.  viii.  p.  20,  pi.  1.  f.  14  South  African 
and  Patagonian  guano. 


G.  media  (Ar.). — Valves  obtuse,  with 
11  costte  in  -001".  Ai-  MJ.  viii.  p.  20. 
Achnanthes  angustata,  Johnstone,  MJ. 
viii.  p.  20,  pi.  1.  f.  13.   Califomian  guano. 

G.  Telfairice  (Ai-.).  —  Valves  with 
acute  cuneate  ends,  and  15  costse  in 
•001".  Ai'MJ.  viii.  p.  20.  Mam-itixis. 


Genus  EUPLEURIA  (Amott).  —  Erustules  united  into  short,  attached 
filaments ;  front  view  annulate,  indefinite,  with  short  septa  and  beaded 
margins ;  valves  dissimilar,  costate  ;  costiB  interrupted  by  a  longitudinal  line, 
those  of  lower  valve  fewer  and  central.  Marine.  Eixpleuria  differs  from 
Rhabdonema  by  its  dissimilar  valves,  the  transverse  costas  of  the  lower  one 
being  confined  to  the  middle — a  character  conspicuous  even  in  the  front  view, 
since  the  ends  of  the  costee  are  there  seen  as  marginal  bead-lilfe  dots.  The 
valves  have  some  resemblan(?e  to  those  of  Acloianthes,  but  have  no  central 
nodule  or  stauros. 


EuPLEtmiA  pulchella  (Ar.).  —  Front 
view  with  stout  longitudinal  costas  con- 
nected by  transverse  bars,  very  short 
septa,  and  pimctated  lateral  margins. 
Ai-  TMS.  vi.  p.  89.  New  Zealand  and 
Australia.  The  frustules,  in  the  front 
view,  have  the  cellidate  structure  of 
Rhabdonema ;  but  the  septa  are  so  abbre- 
viated as  to  seem  mere  marginal  dots, 
and  the  pimcta  on  the  ventral  margin 
are  confined  to  the  middle.  Anntili  close, 
numerous ;  valves  usually  turgid  at  the 
middle  and  rapitUy  tapering  to  the  olituse 
apices  (subovate),  but  sometimes  linear- 


oblong.  In  the  lower  valve  the  costis 
and  longitudinal  line  are  present  only  at 
the  middle  portion,  and  leave  a  largo 
hyaline  blank  space  at  each  end.  Strito 
between  the  costa3,  and  oblique. 

E.  ocellata  (Ar.).  —  Front  view  with 
longitudinal  linos,  fine  transverse  stria>, 
and  costate  lateral  margins ;  costic  of 
ventral  margin  longer,  confined  to  the 
middle,  and  divergent.  ArTMS.  vi.  p.  9. 
New  Zealand.  In  JS.  ocellata  the  frustides 
are  nu)re  hyaline  than  in  K  pulchella, 
and  the  longitudinal  costre  loss  conspi- 
cuous, and  not  connected  by  transverse 


810 


SYSTEMATIC  HISTOHY  OF  THE  INFUSOllIA. 


bars.  The  most  evident  distinction, 
however,  is  the  clavate  or  capitate  lines 
of  the  dorsal  and  ventr<al  margins,  those 
of  the  latter  being  longer,  fewer,  and 


divergent.  The  septa  seem  to  be  rudi- 
mentary, as  in  tlie  preceding  species. 
Valves  oblong-linear,  sometimes  cui-ved, 
with  rounded  ends. 


Genus  ENTOPYLA  (Ehr.). — Frustules  prismatic,  compressed,  multivalved ; 
valves  contiguous,  in  a  straight,  simple  series,  like  the  leaves  of  a  book ; 
internal  ones  traversed  by  a  large  median  opening ;  outer  ones  transversely 
striated,  imequal,  one  entire  (not  perforated),  the  other  furnished  with  a  large 
pore  at  each  end.  Marine.  Entopyla,  by  its  curved  form,  approaches 
Achnanthes ;  by  its  tabulate  flgiure  it  is  more  akin  to  TesseUa ;  but  it  comes 
nearer  to  Biblarium  than  to  any  other.  Although,  in  deference  to  the  opinion 
of  Professor  Aruott,  we  have  kept  Eupleuria  distinct  fi-om  this  genus,  we 
doubt  the  propriety  of  doiag  so.  From  Ehrenberg's  comparison  of  Entopyla 
with  TesseUa  and  Biblarium,  and  bearing  in  mind  his  peculiar  views,  it  is 
evident  that  the  " iatemal valves "  are  the  "annuli"  of  Smith,  and  the  "per- 
forations of  the  ventral  valve"  the  blank  spaces  at  each  end.  Since  the 
opening  in  the  internal  valves  is  stated  to  be  so  large  as  to  leave  only  a  thin 
margin,  the  septa  must  be  rudimentary.  Both  Entopyla  and  Eupleuria  seem 
therefore  to  differ  from  Ehabdonema  in  their  dissimilar  valves  and  rudimen- 
tary septa,  nor  are  we  able  to  find  any  chai-aeter  in  Ehrenberg's  description 
which  enables  us  to  distinguish  Entopyla  from  Eupleuiia. 


flexuose  Ime.  ERBA,  1848,  p.  42.  = 
Surirella  Australis,  Ehi*.  1843.  Pata- 
gonian  guano. 


Entopyla  Australis  (Ehr.). — Leaves 
(annuli)  about  10;  transverse  costse  of 
outer  ones  (or  valves)  32  to  more  than 
40  in  number,  divided  by  a  median 

Genus  DIATOMELLA  (Grev.).— Frustules  quadrangular,  forming  at  first 
a  piano-compressed  filament,  at  length  separating ;  vittse  two,  interrupted 
in  the  middle  and  at  each  cnd.=Disiphonia,  E.  Aquatic.  Professor  Smith 
doubtfully  referred  to  Grammatophora  the  Diatom  for  which  this  genus  was 
constituted ;  but  we  consider  the  differences  pointed  out  by  Dr.  GreviUe  as 
sufficient,  independently  of  its  aquatic  habitat,  to  separate  it  from  that  genus. 
In  Grammatophora  the  septa  are  formed  in  the  central  or  connecting  portion, 
arise  from  the  margins  of  the  filament,  and  are  interrupted  in  the  middle.  In 
Diatomella  they  appear  to  us  to  arise  from  a  thickened  rib  connecting  the 
hiteral  and  central  portions,  and  form  imperfect  diaphragms  with  thi-ee  open- 
ings—one central,  the  others  marginal.  We  have  included  DiatomcHa  m  this 
family,  but,  although  Professor  Smith  states  that  its  fnistules  ai-e_  annulate 
and  nearest  in  structui'e  to  Grammatophora,  we  are  not  sure  it  is  nghtly 
placed  here ;  for  two  puncta  exist  at  each  end  of  the  fi-ustule,  as  in  the 
Fragilarieae. 


Diatomella  Balfouriana  (Gr.). — La- 
teral view  linear  or  oblong,  with  rounded 
ends  and  45  fine  striae  m  -001."  GANH. 
8.  2.  XV.  pi-  9.  fs.  10-13.  =  Granimato- 
plio'ra?  Balfouriana,  SBD.  ii.  p.  43,  pi. 
61.  i.  883.  =Disiplionia  Australis,  EM. 


pi.  35  a.  {.  7.  South  Africa,  South  Ame- 
rica, Scotland.  Front  view  c[uadi-angidar, 
with  a  smooth  centi-al  portion,  separated 
from  the  transversely- sti-iated  kteral 
valves  by  the  vittee.   (iv.  61,  52.) 


FAMILY  VII.— MELOSIEEiE. 

Frustules  disciform,  cylindiical,  or  globose,  simple  or  united  iiito  a  filament ; 
lateral  suri;aces  flat  or  convex,  cii-cular,  smooth  or  with  radiatmg  ^tri^e,  less 
frequently  cellulose,  granulate  or  pimc  ate;  front  view  with  the  centra  ,)oi- 
t  on  usually  either  obsolete  or  divided  by  one  or  two  central  fuiTOWs.  Foi 
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the  most  pai-t  the  Coscinodiseeas  arc  related  to  this  family,  with  which  they 
have  been  liitherto  united  by  Ehrcnbcrg  ;  but  I  have  separated  them  because 
the  shell  of  the  Coscinodisceac  often  has  divergently  arranged  bands  and  a 
cellulose  formation,  which  is  wanting  in  the  Melosirc£E.  Moreover  the  forms 
of  the  genus  Melosii-a  have  in  life  so  great  similarity  to  the  trae  simple  Con- 
fcrvfe,  that  they  may  easily  be  confounded  even  by  practical  Algologists. 
The  heating  of  a  specimen  upon  mica,  however,  distinguishes  them  so  cer- 
tainly that  we  can  never  be  in  doubt"  (Klitzing).  The  line  of  demarkation 
between  the  Mclosirese  and  Coscinodisceas  is  by  no  means  weU  established ; 
generally,  discoid  forms  with  cellulose  structure  belong  to  the  latter,  and  fila- 
mentous or  smooth  species  to  the  former.  This  family,  however,  contains 
some  distinctly  cellulose  species  ;  but  they  are  distinguished  by  their  inflated 
or  vaulted  segments  and  the  absence  of  a  central  portion. 

We  have  removed  some  genera  Kiitzing  had  placed  here,  as  we  consider 
Mr.  Brightwell  has  proved  that  they  are  more  akin  to  Chastoceros. 

Genus  CYCLOTELLA  (Kiitz.). — rrustules  disciform,  simple  or  binately 
conjoined  ;  central  portion  ring-Hke ;  valves  plane  or  slightly  convex. 
Aquatic  and  marine. =Discoplea,  Ehr.  Cyclotella  differs  from  Melosii-a  in 
not  forming  a  filament.  The  recent  species,  according  to  Kiitzing,  are  either 
adnate  or  enclosed  in  a  shapeless  gelatinous  substance.  Some  of  the  species 
approach  closely  in  character  to  Coscinodiscus.  We  retain  Kiitzing's  name 
because  it  has  the  claim  of  priority. 

1. 1.  f.  5.  On  AlgEe  in  the  Pacific.  Diam. 
1-300"  to  1-126".    Pmicta  scattered. 

C.  Coscinodisms  (E.,  K.). — Disc  small, 
irregidarly  but  densely  and  finely  gi-anu- 
late,  margin  smooth.  =Z)jscq^jfea  Cosci- 
nodiscus, EM.  pi.  33.  10.  f.  1,  2.  Fossil. 
United  States.  Habit  of  Coscinodiscus 
minor,  rather  tui-gid  on  the  sides.  D. 
1-1728". 

C.  Mammilla  (E.,  K.). — ^Disc  smooth, 
umbonate  in  the  centre ;  sutm-e  in  front 
view  tumid,  produced  at  the  margins.  = 
Discoplea  Mammilla,  EM.  pi.  38.  22. 
i.  1-3.  Fossil.  Patagonia.  The  sutm-e 
between  the  valves  is  ridge-hke,  and 
consequently  projects  at  the  mai-gins. 
Rim  of  disc  stiiate.    Diam.  1-1728". 

C.  umhilicata  (E.). — Disc  smooth,  with 
a  central  smooth  vim\)0.  =  Discoplea  um- 
bilicata,  EM.  pi.  35  b.  b.  f.  9.  From 
Atlantic  deep  soundings.  Elirenborg 
describes  this  species  as  smooth,  but 
figaires  it  with  a  pimctated  centre. 

C.  Americana  (E.,  K.).— Fnistules  in 
front  view  turgid,  with  a  transverse,  tri- 
carinated  ring ;  disc  punctate  in  the 
centre.  KSA.  p.  19.  United  States. 
Diam.  1-660". 

C.  physo2>lea  (E.,  K.). — Disc  smooth, 
except  a  circlet  of  large  vesicidar-loolriug 
granides  round  the  centre.  =  Discoplea 
physoplea,  EM.  pi.  33.  17.  f.  8.  Fossil. 
Virginia.    Diam.  1-1152". 

C.  comta  (E.,  K.). — Disc  witli  a  circlet 
of  small  stn.t;  ucivv  the  margin,  and  n 
crowded  contnil  mass  of  granuh's.  =7>/,?- 


Ctclotella  operculata  (K.). — Valves 
depressed  in  the  centre;  stiife  obscm'e, 
very  short ;  front  view  with  rounded 
angles.  SBD.  i.  p.  28,  pi.  5.  i.  48.  Fresh 
water.  Eiurope.  This  species  is  involved 
in  great  confusion,  and  we  confess  our 
inability  to  reduce  it.  We  have  adopted 
Professor  Smith's  views,  though  vdth 
much  hesitation.  Kiitzing  describes  the 
margin  as  pimctated;  and  his  figures, 
though  varying  much  in  size,  of  the 
umbilical  portion,  show  the  margin 
closely  and  iiTegularly  pimctate,  whilst 
Smith  describes  them  as  striated.  Kiit- 
zing refers  here  the  Discoplea  Kiitzmgii 
(^E.) ;  but  that  form,  according  to  the 
figures  in  the  '  Microgeologie,'  is  larger, 
with  radiating  strife  reaching  to  the 
centre  of  the  disc.    (v.  63.) 

C.  rectamiula  (Br^b.). — Similar  to  C. 
opercidata ;  but  the  frustides  in  the  fi'ont 
view  have  acute  angles.  Rab  D.  p.  11. 
France.  By  Kiitzing  made  a  variety  of 
C.  operc?data,  by  Smith  of  C.  Kiitzingi- 
ana.   (v.  54.) 

C.  Scotica  (K.).  —  Frustules  adnate; 
disc  plane,  very  smooth.  KB.  t.  i.  f  2, 
3.  =  C.  Lif/itstica,  K.  I.  c.  t.  1.  f.  4.  On 
marine  al'goe.  Scotland,  &c.  We  unite 
C.  Liffustica  to  this  species,  since  Kiitzing 
makes  no  distinction  except  size,  which 
in  the  DiatomacefB  is  too  variable  to  be 
made  the  only  specific  diflerenco.  D 
1-900"  to  1-516".   (xiv.  17.) 

C.  maj-ima  (K.).— Frustules  large,  ad- 
nate ;  di,sc  nonriy  plniu',  punctated.  K.  /.  c. 
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coplea  comta,  EM.  pi.  38.  1b.  Asia, 
Africa,  &c.  Front  view  tumid  at  tlio 
sides.  Althougli  tliis  species  is  said  to 
have  a  granulated  lunbUicus,  none  of 
EhrenlDerg's  iigures  exhibit  this  cha- 

C.  dendrochcBra  (E.).— Disc  smooth, 
except  a  circlet  of  short  va,ja.  =  Discoplea 
dendrochara,  E.  On  trunks  of  ti-ees. 
Venezuela.  Frustules  small,  timiid  m 
front  view.  Diam.  of  disc  1-1920"^,  cen- 
tral circlet  with  about  ten  rays.  Habit 
of  C.  comta. 

0.  atniospherica  (E.).  —  Disc  with  a 
centi-al,  rather  turgid  umbilicus,  from 
which  radiate  numerous  striae.  =  Discoplca 
attnospherica,  EM.  pi.  39.  1.  f.  17.  In 
atmospheric  dust.    Diam.  1-1008". 

C.  Sinensis  (E.).— Disc  with  a  central, 
rather  tm'gid,  granular  umbilicus,  from 
which  radiate  numerous  striae ;  the  striae 
separated  from  the  umbilicus  by  a  border. 
=  Discoplea  Sinensis,  EM.  pi.  39. 1.  f.  16. 
Atmospheric  dust.  China,  &c.  Diam. 
1-864".  Ivays  much  closer  than  m  C. 
atmospherica,  and  smooth,  not  rough  as 
in  that  species.  In  front  view  linear, 
with  striated  margins,    (xv.  4.) 

C.  Atlantica  (E.).— Disc  with  a  central, 
somewhat  granular  umbHicus,  fromrwhich 
proceed  numerous  radiating  lines.  =  -Dis- 
caplea  Atlantica,  EM.  pi.  39.  3.  f.  29. 
Atmospheric  dust.  Atlantic,  bmaller 
than  the  last,  and  its  umbilicus  not  cir- 
cumscribed by  a  rim;  but  we  doubt 
whether  this  and  the  two  preceding  spe- 
cies are  sufficiently  distinct,   (xv.  3.) 

C.  Oreqonica  (E.).  =  Discoplea  Orego- 
nica,  EM.  pi.  37.  2.  f.  3.  Oregon  Eh- 
renbero-'s  figm-e  represents  a  small  disc 
with  a^central  punctated  umbilicus,  from 
which  proceed  numerous  rays.  Front 
Adew  linear,  with  marginal  striae.  Does 
this  differ  from  C.  Sinensis  ? 

C.  ve7iusia  (E.).— Disc  with  granulated 
umbilicus  and  numerous  smooth  I'lys- -- 
Discoplea  venusta,  ERBA.  1852,  p.  534. 
Alive.  California.  Alcin  to  C.  atmo- 
spherica; frustules  with  the  stellate  habit 
of  Actinocyclus.  Ehrenberg  observed 
three  specimens.  In  one  the  umbilicus 
waa  nearly  equal  to  a  fourth  part  of  the 
diameter  of  the  disc,  and  the  entire  sm-- 
face  very  neaily  smooth;  in  another  the 
surface  was  distinctly  granulated,  and 
the  umbilicus,  having  its  margin  oblite- 
rated, was  scarcely  evident. 

C.  Astrma  (E.,  K.).-Disc  with  a  large 
punctated  centre  and  dense  y-rayednw^ 
gin.  KSA.  p.  19.=  Mr/,KB.  t.^.  t.  +  , 
SBD  pl.5.  f.  50?  Kurdistan;  lu-land. 
Diam  1-030".  ll  has  the  habi l  and  sue  ol 


Melosira  variam,  but  is  not  concatenate. 
C.  Rotida  is  a  marine  species. 

C.  Peruana  (E.,  K.).— Disc  Avith  very 
fine  rays,  reaching  to  the  centre.  =  Z>ts- 
coplca  peruana,  EM.  pi.  38  a.  14.  f  0.  In 
numice  from  Areqiupa  and  Santiago, 


eill. 


Resembles  C.  Astrma.  Diam. 


1-600".  The  thickness  of  the  fi-ustule 
equals  half  its  length.  Although  the  rays 
are  described  as  reaching  the  centre,  the 
figures  show  an  umbilical  space. 

C.  oligactis  (E.).  =  I)iscoplea?  oUgactis, 
EM.  pi.  35  A.  9.  f.  1.  Ganges.  Ehren- 
berg's  figm-e  shows  a  small  disc,  with 
striated  rim  and  irregular  umbilical 
space,  fi-om  which  proceed  a  few  in-egu- 
lar  ravs. 

C.'Graica  (E.).— Disc  plane,  inter- 
ruptedly striated  in  a  radiate  manner.  = 
JJiscopiea  Grceca,'E.=  Coscinodiscus  Grce- 
cus,  KSA.  p.  125 ;  EM.  pi.  6. 2.  i.  1.  FossU 
in  Greece.    Diam.  1-864". 

C.  antiqua  (S.^.— Valves  convex;  stnse 
broad,  not  reaching  the  margin.  Diam. 
•0009"  to  -0013".  SBD.  i.  p.  28,  pi.  5.  f. 
42.  Lough  Mourne  and  Peterhead  de- 
posits, &c. 

C.  picia  (E.,  K.).— Disc  plane,  broadly 
granulated  in  the  middle,  its  margm 
densely  radiated ;  rays  very  slender,  ele- 
o-antly  mixed  with  paii's  of  stouter  ones. 
KSA.  p.  20.  African  coast.  Disc  some- 
times large. 

C.  Bota  (E.,  K.).  —  Disc  large,  jiXh 
numerous  (52)  equal  rays,  not  reaching 
to  the  centre  ;  sui-face  papillose ;  papillie 
miequal,  smallest  between  the  rays, 
laro-est  at  the  centre. =Di'scopi'ea  Ilota, 
EM  pi.  35  A.  22.  f.  6.  Southern  Ocean. 
Diam  1-192".  This  and  the  next  species 
are  distinguished  from  the  rest  by  haA-iu^ 
papillte  or  granules  in  the  intervals  ot 
the  rays.  ^       , ,  „ 

C.  'Rotula  (E.,  K.).  — Resembles  C. 
Rota,  but  is  smaller,  its  rays  fewer  m 
number  (20),  and  its  papillae  equal.  = 
Discoplea  Rotula,  EM.  pi.  3o  a.  22.  f.  /. 
Southern  Ocean.  Diam.  1-690' .  Asm 
C  Rota,  the  rays  extend  from  the  margm 
towards,  but  do  not  reach  the  centi-e. 

C.  denticidata  (E.,  K.).-Disc  marked 
with  straight,  parallel,  graniilated  lines, 
and  its  margin  denticidate.  IvbA.  p.  -u. 
Bermuda.  Diam.  1-672".  In  the  character 
of  its  margin  it  resembles  Melosira  sul- 
cata, but  in  the  arrangement  of  its  gra- 
nides  it  approaches  Coscmodiscm  lmcat'^ 
C.  undulala  (E., K.).-D.sc  with  radiat- 
ing lines  of  vcrv  minute  gramdos,  and  an 
nudulaled  margin.  =  J)<V''/>/^'' 
I':M.  pi.  :53.  18.  f.  3.    Bermuda.  Dunn. 
1-570  '    Marginal  lic.xiuos  about  iiUeen. 
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C.  styhrum  (Br.).— Vnlve  with  styli- 
foi-m  rays  divevgiug  from  the  centre,  and 
ending  near  the  margin  with  a  hxrge 
cireulai'  head;  centre  irregidarly  punc- 
tate. Sierra  Leone.  Br  TMS.  viii.  p.  96, 
pi.  6.  f.  16. 

C.  ?  racUata  (Br.).— Valve  ^vith  simple, 
strongly  marlved  radii,  reaching  nearly  to 
the  centre ;  centre  smooth  ;  in  ii'ont  view 
the  ends  of  the  radii  appeal-  as  pimcta. 
West  Indies,  Monterey.  Br.  /.  c.  p.  96, 
pi.  6.  f.  11.    As  many  as  ten  friistules 


have  been  found  in  union;  this  may, 
therefore,  belong  to  Melosira. 

C.  punctata  (S.).— Frustules  with  un- 
dulations ;  valves  delicately  punctate  or 
cellulate ;  cellules  radiate.  Diam.  -0008" 
to  -00 15".  Fresh  water.  England.  SBD, 
ii.  p.  87.  (VIII.  13.) 

C.  Dallasiana  (S.).  — Valves  with  mar- 
ginal costse  ;  centre  cellidate  ;  cellules 
in-egular.  Length  of  costse  -0002";  Diam. 
of  valve  -022".  Brackish  water.  Eng- 
land.   SBD.  ii.  p.  87. 


Genus  ACTIlSrOGOlSriUM  (Ehr.).— Frustules  suborbicular,  many- angled ; 
disc  smooth,  with  radiating  lines.  Actinogonium,  LOie  Liostephania,  diiFers 
from  the  rest  in  being  smooth. 

Actinogonium  septmanum,  EM.  pi.  lated  border.    Between  the  centre  and 

36.  f.  39.    Barbadoes.    Rays  (7)  divid-  border  is  a  circlet  of  very  short  lines,  two 

ing  the  disc  into  compartments,  separated  in  each  compartment,  (v.  55. ) 
from  the  margin  by  a  regulaiiy-imdu- 


Genus  LIOSTEPHAJSTIA  (Ehr.). — Frustules  simple,  orbicular;  disc  smooth, 
but  with  a  crown  of  rays  encircling  a  large  smooth  central  space  or  umbi- 
licus. Liostephania  is  distinguished  by  its  disc  being  smooth,  and  having  a 
circlet  of  striae,  which  strise  do  not  reach  the  margin. 


Liostephania  Rotula  (E.).  —  Disc 
having  from  six  to  fom'teen  simple  rays. 
EM.  pi.  36.  £  40.    Barbadoes.  (v.  57.) 

L.  comta  (E.). — Disc  with  from  six  to 
thirteen  rays,  connected  exteriorly  by  a 
circlet  of  pimcta.  EM.  pi.  36.  f.  41. 
Barbadoes.     This  species  differs  from 


the  preceding  one  in  the  presence  of 
puncta. 

L.  magnifica  (E.). — Disc  with  its  rays 
alternating  inwards  with  pairs  of  very 
short  strise,  and  connected  exteriorly  by 
a  circlet  of  pimcta.  EM.  pi.  36.  f.  42. 
Barbadoes.  (v.  56.) 


Genus  DICTTOLAMPEA  (Ehr.). — Frustules  orbicular,  not  concatenate ; 
disc  without  an  umbilicus,  but  having  a  circular  cellular  centre,  with  radiat- 
ing strise,  which  alternate  with  other  striae  from  the  mai'g-in. 

Dictyolampra  differs  from  the  other  genera  of  this  family  by  its  disc  being 
cellulose  only  in  the  centre,  and  indeed  it  probably  ought,  together  with  Lio- 
stephania and  Actinogonium,  to  form  a  distinct  family ;  but,  having  seen 
no  specimens,  we  are  unable  to  decide  on  their  proper  position. 


Dictyolampra  Stella  (EM.  pi.  36.  £ 
38).  Barbadoes.  The  only  species.  In 
the  centre  is  a  large,  circular,  loosely  cel- 
hdose  umbilicus,  with  niunerous  (about 


20)  short  radiating  lines,  which  alternate 
with  similar  ones  directed  inwards  fi-om 
the  margin ;  between  the  latter  are  inter- 
posed very  short  marginal  strias.  (v.  58.) 


Genus  MASTOGONIA  (Ehr.).— Frustules  simple  (unequally),  bivalved; 
valves  not  ceUulose,  in  lateral  view  circular,  unarmed,  witli  lines  radiating 
from  a  stellate  or  angular  umbilicus.  These  forms,  which  were  formerly 
placed  in  Pyxidicula,  may  bo  recognized  by  their  unequal  and  angidar  valves, 
radiatmg  veins,  and  noncelhdar  surface.  The  deiinitions  of  the  species  in  this 
genus  are  unsatisfactory,  depending  ahnost  entirely  on  the  number  of  rays— 
a  character  which  we  regard  as  veiy  variable. 

Mastogonia   Crux  (E.).  —  Valves   pl.33.  18.£8.  Bermuda.  Diam.  1-396" 
large,  one  with  foiu,  the  other  with  seven    Umbilicus  stellate, 
radiating  linos ;  apex  not  tnmcated.  EM.      M.  quinaria  (E.).— Valves  large  one 
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■with  five  radiating  lines,  the  other  un- 
known ;  apex  not  truncate.  KSA.  p.  25. 
Bermuda.  Diam.  1-480".  Scarcely 
more  than  a  variety  of  the  preceduig 
species.  . 

M.  Bota  (E.).— Valves  lai-ge,  one  with 
six,  the  other  with  seven  radiating-  lines ; 
apices  entire.  KSA.  p.  25.  Bermuda. 
Diani.  1-360".  Prohahly  another  variety 
of  M.  Crux. 

M.  sexangula  (E.).— Valves  thm,  one 
with  six  radiating  Unes,  the  other  un- 
known; apex  broadly  tnmcate,  with  a 
hexagonal  ai-ea.  EM.  pi.  33.  17.  f.  12. 
Viromia.  Biam.  1-1632".  Resembles  a 
truncated  six-sided  cone.  All  the  above 
species  are  very  smooth  and  crystal- 
line. 

M.  heptagma  (E.).— One  valve  with 


seven,  the  other  with  nine  rays;  apex 
truncated.  Bai  AJS.  xlviii.  pi.  4  f.  12. 
Bermuda.    Diam.  1-840". 

M.  Oculics-Chamcekontis  (E.).— One 
valve  having  eight  radiating  lines  a,nd 
truncate  apex,  the  other  unknown.  KSA. 
p.  25.  =  Fyxidicula  Oculus-Chamceleontis. 
Maryland.    Diam.  1-1152". 

M.  ActinoplycJius  (E.).— One  valve  with 
9,  the  other  with  13  flexuose  radiating 
lines ;  apices  broadly  ti-uncate.  =  Fyxi- 
dicula ?  Actmoptychus,  EM.  pi.  18.  f.  19. 
Vii'o-inia.  This  species  seems  distinct  in 
its  Sexuose  rays  and  the  imdulated  mar- 
gin of  its  umbilicus,   (v.  59.) 

M.  Discoplea  (E.).  —  Valves  small, 
conic,  with  18  to  20  rays ;  apices  smooth, 
tnmcate.  KSA.  p.  25.  In  Patagonian 
pumice.    Diam.  1-1152". 


Genus  STEPHANOGONIA  (Ehr.).— Valves  as  in  Mastogonia,  but  their 
round  the  umbilicus 


Stephanogonia  quadranyula  (E.)-— 
Valves  thin,  smooth,  with  truncated 
apices,  one  having  foiu-,  the  other  six 
ray-like  angles  and  spines.  KbA.  p.  ^o. 
Bennuda.  , 
S.  polygo,ia  (E.).— Valve  with  cental 
portion  smooth  and  much  elevated,  umted 


to  the  mai-gin  by  an  indefinite  number  of 
rays,  the  spaces  between  which  ai-e  some- 
times faintly  punctate;  the _ umbilicus 
sometimes  sun-ounded  with  spmes.  \  ir- 
oinia  and  Bermuda  deposits.  EiU.  pL  -i-i- 
18.  f.  10;  Br  JMS.  viii.  p.  97,  pi.  5. 
f.  8.  (v.  57.) 


Genus  CLADOGEAMMA  (Elir.).-The  characters  of  this  genus  are  un- 
known  to  us 


centre,  and  u-regularly  forked  or  divided 
near  the  margin.  California.  EM.  pi. 
33.  13.  f.  1**.   (vin.  11.) 


Cladogbamma  Califormcum  (E.).  — 
Valve  orbicular,  not  cellulose,  marked 
with  flexuose  Imes  radiating  from  the 

Genus  HTALODISCUS  (Ehr.).-rrustidessimp^^^^^^ 

flat,  its  umbiUcal  portion  or  centra  ^ar^d^^^^  Lf  ^rcomp"atively  large 
Kiitzing  unites  this  gf^^.-T^^^^htd  suture,  and  usually 

hyaline  disc,  with  a  centre  ^istmgmshed  by  an  e^^^ 
somewhat  coloured,  is  perhaps  su£acient  to  justify  its  remove 
will  distinguish  it  from  Podosira 


Hyalodiscus  Patagonicus  (E. )  .—Disc 
laree,  very  smooth,  its  margm  separated 
from  the  large  centi-e,  by  a  shghtly 
grooved  but  not  denticidate  suture  ; 
Snction-line  in  front  view  very  tumid. 
S  pi.  38.  22.  f.  10,  11.     In  punuce 

Lt^(E  ):-S^^^^^^^ 


and  the  central  portion  of  the  disc  is 
smaller,  and  hence  more  distant  horn 
the  rim,  than  in  H.  Patagomcm. 

11  stkliger  (Bai.).-Disc  with  a  broad 
margin  covered  with  distmct  rectihnear 
rows  of  dots,  arranged  m  groups  so  as 
to  produce  a  stellate  appeai-ance.  BO. 
yii.^  Abundant.  St.  Augustine,  Florida. 
"  The  markings  in  this  species  are  quite 
distinct;  and  the  stellate  appearance 
resembling  that  shown  by  C'^^'lff'^ 
sMIi^,  will  at  once  distinguish  :t  from 
all  other  spccie-s"  ^- 
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H.  siibtilis  (Bai.). — "  Disc  marked  like 
the  engine-tiirned  back  of  a  watcli,  with 
lines  of  exceeding  delicacy,  only  visible 
by  the  highest  magnifiers  and  carefid 
illumination ;  umbilical  portion  more 
coarsely  granidated  and  in  size  little  less 


than  one-third  of  the  diameter  of  the  disc," 
B.  /.  c.  pi.  1.  f.  12.  Halifax,  Nova  Scotia. 
"  H.  Iccvis  ditlbrs  by  having  a  wider  mar- 
gin and  much  coarser  markings.  This 
species  forms  an  admirable  test-object," 
B.  (v.  60.) 


Genus  LYSICYCLIA  (Ehr.). — The  characters  of  this  genus  arc  imknown 
to  lis.  Prom  Ehrenherg's  figm'es  it  appears  closely  related  to  Hyalodiscus, 
the  disc  having  a  central,  circular  umbilicus,  and  a  broad  border  separable  at 
the  suture,  as  in  that  genus. 

Lysicyclia  Vogelii,  ERBA.  1856,  p.  333,  £  29.    Centi-al  Afi-ica.  (-^Trr.  39.) 

Genus  PODODISCTJS  (Kiitz.).— Prustules  as  in  Podosira,  but  afiixed  by  a 
lateral  stipes.  Marine.  We  think  that  the  lateral  position  of  its  stipes  is 
scarcely  sufficient  to  separate  Pododiscus  from  Podosira. 


pi.  16.  f.  28.  On  Enteromorpha  ramulosa, 
Jamaica.    Diam.  1-840".  (xin.  28.) 


Pododiscus  Jamaicensis  (Kiitz.).  — 
Fi-ustides  simple,  concatenate,  smooth ; 
stipes  elongated,  delicate.    KSA.  p.  26, 

Genus  PODOSIEA  (Ehr.). — Frustules  united  into  shoi-t  fflaments,  having 
a  distinct  central  stipes  ;  interstitial  portion  obsolete ;  valve  convex.  Marine. 

In  Podosira  the  lateral  valves  are  vaulted,  and  the  central  portion  is  at 
first  a  mere  connecting  ridge  between  them.  This  ridge,  however,  becomes 
gradually  broader,  and  then  double;  afterwards  an  intermediate  growth 
separates  the  halves  of  the  frustule,  which  meanwhile  do  not  increase  in  size ; 
and  at  last,  when  the  intermediate  space  equals  the  diameter  of  the  original 
frustule,  two  new  frustules  are  formed  by  the  addition  of  a  hemisphere  on 
the  inside  of  each  of  the  separated  portions.  The  outer  silicious  covering 
still  remaining,  the  friLstules  are  connected  in  pairs,  and  appear  like  two 
globules  within  a  joint.  The  valves  usually  have  a  central,  coloui-ed  umbi- 
hcus — an  ajspearance  which  Professor  Smith  attributes,  in  our  opinion  errone- 
ously, to  an  absence  of  silex  at  that  point. 

P.  mamlata  (S.). — Disc  with  a  lai^e 
centi-al  umbilicus,  which  is  bordered  by 
an  irregidar,  fractm-e-like  suture,  from 
which  radiate  outwards  several  shadow- 
like bands ;  sm-face  punctated.    SBD.  ii. 


PoDOSiHA  3Iontagnei  (Kiitz.). — Frus- 
tules subspherical,  dotted;  connecting 
sheath  with  parallel  annular  series  of 
minute  strias.  SBD.  ii.  pi.  49.  f.  326. 
=P.  Adriatica,  Me.  on  Diat. ;  Melosira 
gMifera,  Ra  ANII.  xii.  Britain,  France, 
&c.    (v.  61.) 

P.  Sormoides  (Kiitz. ) . — ^Frustules  oval, 
united  into  short  moniliforai  filaments '; 
connecting  sheath  obscm'ely  pimctate  ; 
lateral  view  with  umbilicus  but  no  rays. 
SBD.  pi.  49.  f.  327.  =  P.  nummidoides;^. 
(ii.  45.)  Atlantic,  Britain,  &c.  Di- 
stinguished from  the  preceding  species 
by  its  more  depressed  valves. 


p.  54,  pi.  49.  f  328.  Common  in  deep 
water,  guano,  &c.  Britain.  It  may  be 
identical  with  Oraspedodisms  Stella,  E. 
P.  cmnp)-essci,  West.  (viii.  34.) 
P.  Icevis  (Greg.). — Fi-ustules  trans- 
parent, glassy,  with  very  delicate  oblique 
striae  and  scattered  pimcta ;  connecting 
zone  distinctly  striated ;  disc  -vvithout  a 
distinct  umbilicus.  Grev  MJ.  vii.  p.  85, 
pi.  6.  f.  15-17.  Scotland. 


Genus  MELOSIRA  (Ag.)  -Pustules  cylindrical,  chscoid,  or  globose,  con- 
nected into  cyhnckieal  conferva-liko  filaments,  one  or  two  ifnes  passing 
roimd  each  frustule  nearthe  centre. =GaUionclla,  Ehr.  Maritime  and  aquatic" 
This  genus  is  easily  distinguished  from  the  other  genera  of  the  Diatomacea. 
except  Pododiscus  w.  h  which  the  species  in  its  first  section  closely  con<cspond 
in  character.  The  filaments  are  remarkable  for  their  conferva-like  appear- 
ance, but  may  he  known  by  their  brown  colour  and  very  fragile  natm-c  Tlio 
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species  are  numerous,  and  sometimes  aiffer  very  sMghfly  !  we  fear  indeed  tliat 
several  of  thorn  have  heen  constituted  upon  msufficieut  grounds.  Attempts, 
more  or  less  successful,  have  heen  made  to  remove  some  species,  and  to  lorni 
with  them  now  genera.  We  have  used  these  divisions  as  sections,  partly 
b^cTOSo  we  ^•"niablo  to  find  at  present  difforontial  eharaeter,  sufflcient  to 
iS  a  more  complete  sepai-ation,  and  parti,  beoanso  we  oaunot  decide 
absoluto°y  on  the  proper  position  of  several  species.    The  following  are  the 

%sr,:,S.-Sil7ol.ose  or  elhptic  with  a  ring-li^e  heel  round  each 
valve.  In  this  section  the  fiiistulos  resomble  m  foi-m  hose  ol  the  two  pre- 
eedin"-  genera,  but  are  distinguished  by  their  carmated  valves.    The  suture 

"  ',jt»;tX-/oi;tTyUndric»l  er  suherbicnlar,  with  a  single  median 
tni-ow  and  more  or  less  rounded  ends,  generally  binately  connected ;  valves 
Irt  rrinSfed    The  filaments  ai-e  more  or  less  intermptcd  at  then-  mai-gms, 

f£:tScios^Li:^s.xr  aCcrrt  ^Lt|  s^^^^^^^^^ 

nected  into  an  nnmterruptou  lo^^      Orfhnslra  contains  "  those  species 
SlsSt/»con^^^^ 

or  subc/lindiical,  more  or  less  ,f  J^^^^.t^^^^^  attached  or  free  ; 

Filaments  cylindrical,  of  ^^^'''Z^^^  Z^^^^^         line  of  junction 
fmstules  and  valves  cjl-drical ;  ^n^^^^^^^^ 

usually  spinous  or  denticulated.      We  ^^f^'^^;'?    .  j^g  iunction- 

Wedge  we  cannot  adopt  Orthosira  as  a  ^^"^^^^^H^^^^:^  ^fdJ^ot  find 
Targins'indeed,  are  usuaUy  denticulate  or  ^V^^^l^^^^^^Z^,  considered 
inMelosira  as  defined  by  Professor  Smith  ;  "  Melosira 

Ssential.    In  our  opinion,  t-,  there  .^^^^^^^^^ 

V  56,  pi.  49.  f.  329.=ilf.  disciffem,  Ag. 
feariie'^and  brackish  waters.  Europe, 
America,  (v.  64.  xi  14.)  Diam.  l-l/W 
to  1-860".    Frustules  globular,  imitea 


«  Frustules  mcircled  tcifh  median  and 

lateral  ridf,es.  Lysigomvun. 
Mi5L0smA    nummuloides  (DilW, 
Ag^^Fmstulcs  Bphorical,  very  hue  ' 
pvmctm-ed;  valves  carmated.    SBD.  ii. 


i,°  pairs,  forming  a  mouiTifonn  filameut ; 
eacli  divided  into  hemispheres  by  a  cen- 
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tral  ridge  and  crossed  by  fainter  linos  at 
eacli  end.  Professor  Kiitziug  describes 
it  as  of  a  golden  colour  when  dry ;  oiu' 
specimens  are  greenish.  Sporano-iiil  frus- 
tiiles  larger,  concatenated,  originating 
from  tlie  terminal  frustule  only.  Ac- 
cording to  Kiitzing,  the  friistnles  in  this 
species  ai-e  ternately,  and  in  the  next  bi- 
uately  conjoined ;  this  does  not  coincide 
with  om-  experience.  The  only  species 
lOiely  to  be  confounded  with  it  is  the 
following. 

M.  saUna  (K.). — Smaller;  valves  of 
the  biuate  frustules  achromatic,  smooth ; 
keels  very  fine.  KB.  p.  52,  pi.  3.  f.  4.  = 
Gallionella  mtmmuloides,  El.  p.  167. 
/3.  concatenata,  more  distinctly  stipitate ; 
fi'ustules  concatenated  by  a  distinct  isth- 
mus, KB.  pi.  3.  f.  5.  Brackish  waters. 
Europe.  This  species  difiers  from  M. 
nummuloides  by  its  less  conspicuous 
keels  and  more  distinct  stipes.  Pro- 
fessor Smith  imites  them ;  for  "  forms 
aben-ant  in  these  respects  are  so  fre- 
quently intermixed  with  the  ordinary 
frustules  that "  he  "  cannot  regard  such 
peculiarities  as  of  specific  importance." 

M.  Westii  (S.).  —  Frustules  sub- 
globular;  valves  conical,  with  ti-uncated 
apices  and  a  sutiu'al  and  median  sili- 
cions  ring.  SBD.  ii.  p.  59,  pi.  62.  f.  333. 
Stomach  of  Pecten,  coast  of  Sussex. 
This  species  seems  distinct  in  the 
strongly  marked  central  and  lateral 
ridges. 

2  *  Joints  binately  or  ternately  conjoined ; 
valves  with  rounded  ends,  neither  cai'i- 
nated  nor  denticulated.  Gallionella. 

M..  moniliformis  (Miill.,  Ag.). — Joints 
rather  longer  than  broad,  finely  pmic- 
tated,  binately  conjoined,  with  roimded 
ends.  KB.  pi.  3,  f.  2.=M.  Borreri,  Gr. ; 
Gallionella  moniliformis,  E.  Common  in 
brackish  and  marine  waters.  Diam. 
1-860".  Kiitziag  describes  this  species 
aa  having  ternately  conjoined  frustules 
concatenated  by  a  distinct  isthmu.s. 
Sporangial  frustules  larger,  concatenated, 
and,  according  to  Professor  Smith,  origi- 
nating only  in  the  terminal  frustules  of 
the  filament,    (v.  71.) 

M.  lineata  (DiUw^oi,  Ag.). — Joints 
cylindrical,  smooth,  binately  conjoined, 
with  rounded  ends ;  pairs  closely  adnate. 
KB.  p.  53,  pi.  3.  f.  l=Oallionella  lineata, 
E.  Marine.  Europe.  A  single  filament 
sometimes  consists  of  from  1200  to  4000 
fi-ustules,  foi-ming  a  chain  2  or  3  inches 
in  length.  Length  of  joint  1-1400"  to 
1-430". 

M,  duhia  (ICiitz.).  —  Smaller ;  articu- 


lations depressed,  spheroidal,  smootli. 
Kl^.  p.  53,  pi.  3.  £  (3.  Marino,  near  Ciix- 
haven.    Diam.  1-1200". 

M.  Juryensii  (Ag.).— Slender ;  jouita 
smooth,  elongated,  with  two  slight  con- 
strictions beneath  tlie  sUicious  sheath ; 
junction-sm-faces  convex,  hemispherical, 
closely  concatenate.  KB.  p.  54,  pi.  2. 
f.  15.  =  ir.  suhjlcxilis,  SBD.  pi.  51,  f.  331. 
Brackish  waters.  Em-ope.  Diam.  1-800" 
to  1-1200".  There  is  only  one  sutiu'al 
line,  having  usually  on  each  side  of  it  a 
slight  constriction.  As  in  M.  Marians, 
the  inflated  joints  are  interstitial,  and 
closely  united  to  the  parent  frustide. 
M.  Jurgensii  differs  fi-om  31.  suhjiexilis 
in  its  marine  habitat  and  more  closely 
connected  joints ;  but  we  find  it  difiicult 
always  to  discriminate  them.  The  joints 
are  more  uniform  than  in  31.  varians, 
usually  longer  in  proportion  to  their 
breadth,  and  with  more-roimded  ends, 
especially  in  the  new-formed  valves, 
(v.  63.) 

M.  sub/lexilis(K.). — Frustules  cylindri- 
cal, smooth,  binately  conjoined,  yoimger 
ones  elongated,  adult  shorter,  depressed 
ends  slightly  convex ;  pairs  united  by  a 
short  isthmus.  KB.  p.  53,  pi.  2.  f.  13. 
Rivulets.  Em-ope.  Diam.  1-560".  Re- 
sembles 31.  varians  with  the  biuate  fi-us- 
tules connected  by  short  interstitial  pro- 
cesses. Professor  Smith  thinks  this 
species  identical  with  Conferva  lineata, 
Dill.  Sporangial  frustules  as  in  31.  mo- 
niliformis. 

M.  varians  (Ag.). — Joints  cylindrical, 
ii-regularly  binately  conjoined;  ends  flat 
with  i-oimded  angles,  closely  adnate; 
disc  with  very  delicate,  radiating  mar- 
ginal striae.  SBD.  pi.  51.  f.  332  =  Gallio- 
nella varians,  Elir.  Fresh  water ;  every- 
where common.  |3.  eequalis,  all  the  joints 
quadrate ;  3£.  eequalis,  Ag.  This  species 
ya,ries  much,  both  in  size  and  length  of 
joints;  the  margins  of  the  filament  are 
more  or  less  interrupted ;  but  the  ge- 
minate arrangement  of  the  frustules  is 
often  very  obscure ;  the  valves,  although, 
as  in  most  other  Diatoms,  they  are  really 
dotted,  appear  smooth  unless  magnified. 
The  sporangial  cells  are  inflated  and  in- 
terstitial; Professor  Smith  describes 
them  as  at  fii-st  globidar,  but  afterwards 
dividing  (as  in  the  preceding  .species)  and 
becoming  cylindi-ical,  whilst  Kabenhorst 
gives  a  completely  dilferent  account  of 
them.  The  latter  says  "  that  on  forma- 
tion of  the  inflated  cell,  its  granules,  at 
first  iii-ogularly  formed,  become  oblongo- 
ovate.  Motion  takes  place  as  in  ordinai-y 
zoospores.    The  cell  opens,  the  granules 
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stream  forth,  and  two  elongated  cilia 
become  TisMe  at  tlieir  liyalino  smaller 
end.    Tlieir  movement  lasts  for  a  very 
short  period;  they  settle  down,  and 
quicldy  equal  or  surpass  m  size  the 
mother-cell."  If  this  description  he  cor- 
rect it  wiU  add  an  important  fact  m  sup- 
port of  their  vegetable  nature.  Professor 
Smith  malces  the  following  diagnostic 
remai'lis  upon  this  species  :— "  The  only 
species  with  which  this  form  can  be  con- 
foimded  iaM.  suhJIexiUs ;  butilf.  vanmw 
has  the  exti-emities  of  its  frustules  closely 
applied  and  partially  truncate  ;  those  ot 
M.  mhflexilis  are  often  more  or  less 
separated  by  a  mucous  cushion,  and  di- 
stinctly convex  M.  suhflexihs,  when 

in  abimdance,  appears  as  a  dark-gi-een 
iridescent  mass.  M.  varians  always  pre- 
sents a  rich  golden-yeUow  or  chestnut 
to  the  eye.  The  geminate  arrangement 
of  the  frustules  is  conspicuous  in  M.  sub- 
fiexiUs,  and  indistinct  in  M.  varians. 
SBD.  ii.  p.  58.  The  fossil  frustides  ot 
this  species  constitute  the  gi-eater  part 
of  the  earthy  deposits  of  white  powder 
used  in  polishing  silver  plate,  (iv.  ; 
IX.*  131;  XV.  32.) 


3  *  Ft-usttiles  cylindrical,  Usulcate,  with 
rounded  junctio7i-mar gins. 

M.  distans  (E.,  K.). —  Slender ;  joints 
cylindrical,  smooth  or  indistmctly  punc- 
tated, with  two  distant,  dehcate,  ring- 
like fui-rows,  aU  closely  connected;  disc 
plane.  KB.'  p.  54,  pi.  2.  f  12.  Fresh 
water.  Em-ope,  Asia,  Austi-aha,  Ah-ica, 
and  America.  Fossil,  Bilin,  &c.  Diam. 
1-3456"  to  1-864".  Joints  once  to  twice 

as  long  as  broad.  ^^  3  •  ^ 

nivalis  (S.).— Jomts  subcylindncal , 
valves  subhemispherical,  distinctly  cel- 
lulate ;  extremities  more  or  less  ti-uncate ; 
disc  dotted.  SBD.  ii.  p.  58^  pl;  53.  f. 
336.  =  Coscinodiscus  minor,  bBU.  1.  p.  ^o, 
pi  3.  f.  36.  Fresh  water  in  Alpine  di- 
stricts. Britain.  According  to  Professor 
Smith,  this  form  hardly  differs  fi'om 
M.  distans,  except  in  the  greater  di- 
stinctness of  the  cellules,  and  may  not 
be  distinct.  j 

M  orichalcea  (Mortens,  K.).— Slender; 
ioints  obscurely  punctated,  mostly  longer 
•than  broad,  closely  binately  conjoined, 
with  slightly  crenulate  ends  and  two 
median  fmnws;  disc  plaue._  KB.  p.  54, 
t  2  f  14  =  Gallionella  aurichalcca,  Jihr 
Inf.'  Freshwater.  Comnion.  Europe, 
Asia,  Africa,  and  America.  Younger 
ioints  two  or  three  times  as_  long  as 
Iroad ;  older  ones  shorter.  This  species 
diners  from  M.  Italica  merely  m  its 


more  obscm-o  crenations  and  apparently 
smooth  disc;  and  perhaps  Professor 
Smith  rightly  miited  them.  Its  flat  and 
closely  connected  ends  distinguish  it 
from  M.  varians.   (v.  65 ;  vxti.  33.) 

M.  Italica  (E.,  K.).— Slender ;  joints 
cylindi-ical,  longer  than  broad,  with  den- 
ticulated ends  and  two  median  furrows ; 
disc  with  striated  border.    KB.  p.  5-5, 
pi.  2.  f.  6.  =  Gallionella  Italica,  Ehr. ;  O. 
crenata,  EM.  many  figm-es ;  G.  cremi- 
lata,  EA.  pi.  2.  1.  f.  14 ;  Melosira  ort- 
cJialcea,  Ralfs,  Annals,  xii ;  Aulacosira 
a-cnulata,  Thwaites;  Orthosira  orichalcea, 
SBD.  ii.  p.  61,  pi.  53.  f.  337.  Fresh 
water.    Em-ope,  Asia,  Australia,  Afiica, 
and  America,  (xi.29,  xv.33.)  0.  Sinde- 
rana,  Kiitz.,  more  slender;  jomts  lour 
to  eight  times  as  long  as  broad,  often 
inflated;  disc  striated,  KB.  pi.  2.  f.  1. 
Hambm-gh.    Mr.  Thwaites  desciibes  the 
sporangium  as  orbicular,  with  its  axis  of 
elongation  at  right  angles  to  that  of  the 
frustule  fi-'om  which  it  originated;  but 
Professor  Smith's  experience  did  not  en- 
able him  fuUy  to  confii-m  ]Mr.  Thwaites  s 
observations.  ^-l 

M-.coarctata  (E.).— Jomts  smooth,  its 
habit  is  that  of  M.  varians,  but  its  disc 
is  not  striated.  EA.  pi.  3.  5.  £  9.  Mexico. 
(XI.  20  &  27.)  Kiitzing  imites  this  toi-m 
with  M.  orichalcea. 

M.  Boseana  (Rah.).  —  Jomts  longer 
than  broad,  with  two  broad  constrictions 
and  dentated  ti-uncate  junction-margms; 
disc  with  radiating  striffi  and  three  or 
more  centi-al  dots.    EabD.  p.  13, 1. 10. 
=  Orthosira  spinosa,  SBD.  u.  p.  bi,  pi. 
61  f  386.    Em-ope.   Caves,  m  moss,  on 
trees,  &c. ;  probably  common.   Much  as 
they  differ  in  appearance,  the  late  1  ro- 
fessor  Gregory  considered  that  he  liaa 
traced  the  Liparogyra  spiralis  mto  this 
species;  and  certainly  the  two  foi-ms 
are  almost  invariably  found  together. 

M.  l<svis  rE.)  =  Gallionella  lads,  ESI. 
pis.  9,  14  &  33.  Ehi-enberg  gives  up- 
wards of  fifty  habitats  in_Austi-aha,  Asia, 
Africa,  and  America.  His  figm-es  of  this 
species  differ  considerably  fi-om_  each 
other,  and,  in  the  absence  of  description, 
render  it  difticidt  to  form  any  idea  of  tho 
specific  characters.  Ehreubcrg  {I.  e.  p. 
1Y8)  says  it  is  allied  to  Stephanodrscus 
Ep  deniron,  and  we  sti-ongly  suspect 
that  both  these  forms  ought  to  be  united 
to  31.  Boseana.  ^ 

M.  pileata  (E.,  K.).-Joints  shorter 
than  broad,  smooth,  with  t^vo  finely 
punctated,  widely  sepai-ated  sutoes. 
Simction-portions  convex,  smooth,  often 
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narro-wer  tlian  the  intermediate  portion 
(cingulum);  hence  the  hat-like  ibrm. 
KSA.  p.  '61.=  GaUionella iuleata,  ERBA. 
1844;  M.  pi.  35  a.  21.  f.  11.  Antarctic 
Sea.    Diam.  1-648". 

4  *  Joints  cylindrical,  connected  into  an 
uninterrupted  Jilanient ;  internal  cavity 
often  spherical  or  subspherical. 

M.  arenaria  (Moore^.  —  Filaments 
stout,  culled ;  joints  cylindrical,  mostly 
shorter  than  hroad,  closely  imited  with 
denticulated  junction-margins  and  a  line 
of  puncta  on  each  side  of  suture ;  disc 
with  radiating  sti-ife  and  pimctated 
centre.  Ralfs,  ANH.  xii.  pi.  9.  f.  4.  = 
Orthosira  arenaria,  SBD.  ii.  p.  59,  pi.  52. 
f.  334 ;  GaUionella  biseriata,  EM.  pi.  15 
A,  f.  6-7.  Fresh  water.  Europe.  Easily 
recognized  by  its  gi-eat  size.    (vm.  17.) 

M.  undulata  (E.,  K.).  — Stout;  joints 
longer  than  broad,  constricted  within  the 
sheath,  hence  undulate ;  disc  slightly 
convex,  very  finely  radiated.  KSA.  p.  29. 
=  GaUionella  undulata,  EM.  pi.  11.  f.  2,  3. 
Em-ope  and  Africa.  Professor  Smith 
refers  this  form  to  M.  arenaria. 

M.  punctigei-a.  =  GaUionella  punctigera, 
EM.  pi.  12.  f.  9.  Fossil.  Germany. 
Ehrenoerg's  fig-m-e  represents  a  large 
species,  perhaps  not  distinct  from  M. 
arenaria.  Joints  within  a  common 
sheath,  in  one  figure  shorter,  in  another 
longer  than  broad,  constricted  on  each 
side  of  the  sutm-e,  and  having  a  series  of 
dots  along  the  junction-margins.  Disc 
with  numerous  radiating  dotted  lines 
and  a  smooth  umbilicus. 

M._  Sol  (E.,  K.).  —  Joints  coin-like, 
five  times  shorter  than  broad ;  disc  plane, 
large,  strongly  and  broadly  radiated!,  with 
a  smooth  umbilicus  and  naiTow  smooth 
rim.  KSA.  p.  31.=  GaUionella  Sol,  EM. 
pi.  35  A.  22.  f.  12.  Antarctic  Sea.  Rays 
84 ;  suture  of  valves  single.  Diam. 
1-336".  This  species  rivals  M.  arenaria 
in  size,  and  somewhat  resembles  it  in 
appearance,  but  is  marine. 

M.  Oculus  (K,  K.).— Habit  of  M.  Sol, 
but  larger,  with  equal  and  stouter  rays. 
KSA.  p.  31.  ERBA.  1844,  p.  202.  Ant- 
arctic Sea.  Rays  67.  Diam.  1-240". 
Probably  a  state  of  M.  Sol. 

M.  Tympanum  (E.,  K.).  —  Disc  vei-y 
broad,  with  a  smooth  centre  and  a  nar- 
row, finely  striated  mai'gin.  KSA.  p.  31 ; 
ERBA.  1844,  p.  202.    Antarctic  Sea. 

M.  calligera  (E.,  K.).  —  Joints  small, 
smooth,  having  the  habit  of  M.  distans, 
but  with  a  single  median  suture  and  an 
enclosed,  double,  gi-auular  mass  (as  in 
M.  undulata).    KSA.  p.  31.  =  GaUionella 


calligera,  ERBA.  1846;  EM.  pi.  12.  f.  9 
k,  I.  Fossil  in  pumice,  Island  of  Ascen- 
sion.  Diam.  1-1728". 

M.  sctd2)ta  (E.,  K.).  — Joints  not  so 
long  as  broad,  densely  striated,  and  ele- 
gantly sculptured  with  horizontal  punc- 
tated lines;  sutm-e  a  naiTow  smooth 
band;  disc  with  radiating  punctated 
lines.  KSA.  31.  =  GaUionella  scuMa, 
EM.  pi.  33.  12.  f.  20,  21.  Fossil.  Ore- 
gon.   Diam.  1-960",    Frustules  oval. 

M.  Campylosira.  =  GaUionella  Cam- 
pylosira,  EM.  pi.  35  A.  13  b.  f.  1-5. 
Elbe.  Resembles  M.  sculpta,  but  smaller. 
Joints  suborbicidar,  within  an  uninter- 
rupted sheath,  with  horizontal  dotted 
lines  on  each  side  of  a  narrow,  smooth 
sutural  interspace ;  disc  with  marginal 
radiating  lines. 

M.  Californiea  (E.).  —  Joints  broader 
than  long,  densely  and  sti'ongly  striated 
with  horizontal  punctated  lines ;  sutural 
intei'val  smooth,  not  distinct.  =  GaUio- 
nella Californiea,  ERBA.  1852,  p.  534. 
Fresh  water.  California.  Very  much 
akin  to  the  fossil  M.  sculpta,  and  both 
forms  closely  approach  M.  granidata. 
Frequently  the  gramdated,  dome-shaped 
terminal  discs  are  foimd  dispersed 
amonmt  the  ti-uncated  joints.  Perhaps 
therefore  this  form,  with  31.  Horologium, 
should  be  referred  to  the  peculiar  genus 
Sphserotermia. 

M.  Horologium  =  GaUionella  vel 
Sphcerotermia  Horologium,  EM.  pi.  33, 
2.  f.  17.  Fossil.  Siberia.  We  have 
seen  no  description  of  this  species,  or  of 
Ehrenberg's  genus,  Sphserotermia.  Frus- 
tule  with  horizontal  strise  inteiTupted  by 
the  smooth  sutural  band ;  disc  with  a 
large,  definite,  smooth  imibilicus  and 
distant  radiating  strife,  terminating  at 
inner  ends  in  a  circlet  of  gland-like  dots 
(tubercles  ?).   (v.  62.) 

M.  arctica  (Dickie).  —  Joints  globose 
or  oval,  smooth,  the  median  sutm-al  line 
generally  single,  but  duplex  in  subcu- 
taneous division,  with  a  smooth  band 
inteiiDosed.  =  GaUionella  arctica,  ERBA. 
1853,  p.  528 ;  EM.  pi.  35  A.  f.  1, 2.  Mel- 
ville and  Kingston  Bays.  In  Ehrenberg's 
figures  the  frustules  are  ^vitllin  a  common 
continuous  sheath,  and  marked  with  hori- 
zontal series  of  puncta. 

M.  sulcata  (E.,  K.).  —  Joints  shorter 
than  broad,  with  a  smooth  median  fur- 
row and  pinna-like  celhdes  on  each 
side  ;  disc  furnished  with  radiating  strise, 
which  do  not  reach  the  centre.  KB.  p. 
55,  pi.  2.  f.  7.  =  GaUionella  sulcata,  Ehr. ; 
Orthosira  marina,  SBD.  ii.  p.  59,  pi.  53. 
f.  338.  Marine.  Frequent,  both  recent 
8  a  2 
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and  fossil,  (ix.  131  and  xi.  26.)  This 
species,  which  varies  considerably  m 
size,  is  well  marked  by  its  short,  slightly 
angular  joints,  and  its  transverse  sculp- 
ture-like marks  on  each  side  of  the  su- 
ture. Margin  of  disc  often  denticidate. 
Diam.  1-860"  to  1-600". 

M.  coronata  (E.,  K.). — M.  sulcata  in 
habit;  joints  cylindrical,  striated;  disc 
smooth,  slightly  convex,  with  a  crenated 
margin  and  a  circlet  of  pearl-like  gra- 
nules within.  KSA.  p.  31.  =  GaUionella 
coronata,  EM.  pi.  38.  22.  f.  5.  Marine. 
Asia,  Afiica,  Patagonia.  Diam.  1-864". 
It  ditters  fi-om  31.  sulcata  only  m  the 
more  distinct  crenations  of  the  disc  and 
the  circlet  of  dots. 

M.  2^I(ina  (E.,  K.).— Habit  of  M.  sul- 
cata ;  but  disc  plane,  smooth,  and  neither 
fadiated  nor  gTanuIar.  KSA.  p.  31.= 
GaUionella  plana,  ERBA.  1845.  Fossil. 
Patagonia.  D.  1-1152".  This  form  may 
possibly  be  M.  sulcata,  with  its  markings 
destroyed  by  igneous  action. 

M.  Hetrurica  (K.).— Small;  joints 
cylindrical,  smooth,  twice  as  long  as 
broad,  with  finely  denticulated  junction- 
maroins;  disc  convex,  marked  with 
dotted  rays.  KB.  p.  55,  pi.  2.  f.  6.  Fossil. 
San  Fiore.    Diam.  1-3600"  to  1-800". 

M.  (/mmelata  (E.).— Joints  longer  than 
broad",  with  horizontal  punctated  lines 
on  each  side  of  the  median  sutm-e,  a,nd 
denticidated  junction-margins ;  disc  with 
a  series  of  marginal  pimcta.  =  GaUionella 
aranulata,  EA.  p.  123;  M.  many  figiu-es  ; 
G.  tenerrhna,  EM.  pi.  39.  f.  50;  Ortho- 
sira  punctata,  SBD.  ii.  p.  62,  pi.  53.  1. 
339.  Fresh  water.  Ehrenberg  gives 
upwards  of  50  habitats  in  Eiu'ope,  Asia, 
and  America. 

M.  ^.  maxima.  Disc  with  31  mar- 
ginal denticulations,  and  sti-ongly  akin 
to  M.  sulcata. 

M.  MarcJiica  (E.). —Resembles  31. 
qranulata ;  but  the  dotted  lines  are  pa- 
rallel to  the  suture,  and  not  horizontal.  = 
GaUionella 3£arc7iica,'EM.  several  figures  ; 
G.  procera,  EM.  pi.  15  a.  f.  1.  Fresh 
water.   Em-ope,  Asia,  Afiica,  and  Ame- 

"^M.  clecussata  (E.).  —  Resembles  31. 
aranulata;  but  the  dotted  lines  are  dia- 
'o-onal  and  decussating.  =  Galhonella  cle- 
cussata, EM.  several  figures.  Fresh 
water.  Asia,  Africa,  and  America 
Klitzing  includes,  perhaps  correctly,  ilf. 
3IarcMca  and  M.  r/ranulata  under  this 

"^m'urccta  (E.,  K.).-Has  the  habit  of 
31.  qranulata,  but  Avith  more  conspi- 
cuous lines,  disposed  like  the  strings  of 


a  lyre.    KSA.  p.  SI.  =  GaUionella  lirata, 
EM.  pi.  2.  3.  f.  33.    Fossil.  America. 

M.  spiralis  (E.,K.). — Filaments  cm-ved 
and  spiral;  joints  small,  oblique,  longer 
than  broad,  or  equal,  loosely  punctated 
in  ti'ansversc  scries.  KSA.  p.  31.=  Gul- 
lionella  s]nralis,  EM.  pi.  33.  13.  f.  3. 
Fossil.    Oregon.    Diam.  1-2304". 

TsL  Americana  (Kiitz.).— Frustules  in- 
cluded in  a  jointed  cylindrical  tube, 
separated  by  dissepiments  of  the  tube, 
elliptic,  with  striated  margins  and  a 
median  furrow;  disc  with  radiating 
stiia3,  convex.  KB.  pi.  30.  f.  09.  =  Ortho- 
sira  Americana.  Diam.  1-660".  Appa- 
rently fiu-uished  with  internal  silicious 
cells.  . 

M.  Dickieii  (Thwaites,  K.).— Joints 
mostly  longer  than  broad,  smooth  or  ob- 
scm-ely  punctated,  except  by  conspicuous 
dots  bordering  the  sutm-e ;  disc  obscm-ely 
punctate  ;  sporangia  ?  fusiform.  KSA. 
p.  889.=  OrtJwsira  Dickieii,  Thwaites, 
ANH.  2nd  series,  i.  pi.  12;  SBD.  ii. 
p.  60,  pi.  52.  f.  335.  Fresh  water.  Cave 
near  Aberdeen,  (xv.  29.)    "The  fila- 
ments of  this  beautifid  species  consist 
generally  each  of  fi'om  two  to  four  frus- 
tules,  which  are  hyaline  and  perfectly 
smooth  ;  central  cavity  fiUed  with  dark 
red-brown    endochrome ;  sporanguim 
fusiform,  marked  with  numerous  annular 
constrictions,  whose  formation  is  pro- 
ai-essive,  and  which  go  on  mcreasmg 
untn  the  sporangium  is  fuUy  developed 
(xv.  296.  29  b.  a  filament,  the  tei-mmal 
cells  of  which  have  each  commenced  to 
develope  a  sporangium ;  and  f.  29  c_.  a 
matm-e  sporangium).    This  fomation 
thus  occurs:  at  the  commencement  ot 
the  formation  of  a  sporangium,  the  endo- 
chrome, at  the  same  time  that  it  witli- 
di-aws  from  the  end  of  the  fnistiile,  pro- 
duces at  its  centre  an  additional  nng  ot 
cell-membrane ;  and,  this  process  con- 
tinuing to  take  place  at  certam  mtei-vals, 
each  new  ring  of  cell-membraiie  exceed- 
ino-  in  diameter  those  previously  formed, 
produces  at  length  the  structure  repre- 
sented in  f.  29  c;  or  it  may  be  a  more 
con-ect  explanation  of  the  process  to  say 
that  an  entire  new  ceU-membrane  has 


been  developed  by  the  young  sporajigium 
at  the  time  each  new  nng  has  been 
formed,  and  that  thus  have  originated 
the  several  chambers  into  which  the  ends 
of  the  sporangium  are  divided;  hssi- 
parous  division  subsequently  takes  place, 
and  sporangial  frustules  are  developed 
from  each  lialf,  as  shoAvn  m  f.  29  d. 
Professor  Smitlb  doubted  whether  the 
fusiform  bodies  are  sporangia,  as  tins 
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mode  of  development,  in  the  formation 
of  sporangia,  stands  alone  and  nusup- 
ported  —  a  serious  difliculty  in  the  way 
of  admitting  Mr,  Tliwaites's  conclu- 
sions." For  this  and  other  reasons,  he 
was  disposed  to  refer  the  process  to  the 
development  of  internal  cells,  as  in  Meri- 
dion,  Himantidium,  Odontidiinn,  and 
Achnonthes,  and  recorded  his  impression 
that  the  process  was  not  connected  with 
the  sporangia. 

M.  fenids  (K.). — Very  slender;  joints 
cj'lindi-ical,  smooth,  longer  than  broad, 
closely  connected,  produced  at  their 
jimction.  ItB.  p.  54,  pi.  2.  f.  2.  In  the 
polishing  powder  of  Limeberg.  Diam. 
1-5760". 

M.  Garganica  (Eab.). — Very  slender ; 
joints  two  or  three  times  as  long  as 
broad,  Avith  stout,  protuberant,  indi- 
stinctly dentate  junctions;  disc  flat, 
pimctated  on  the  peripheiy.  Rab  D.  p. 
14,  t.  2.  £  8.  Italy.  After  bui-ning,  it 
reminds  one  of  M.  tenuis. 

Doubtful  and  imjperfectly  desaihed 
Species. 

M.  Dozyana  (Van  den  Bosch). — Joints 
cylindrical,  finely  punctated;  length 
equal  to  or  a  little  longer  than  the 
breadth.  KSA.  p.  29.  Stagnant  water. 
Holland.    Diam.  1-1152"  to  1-770". 

M.  circularis.  =  Gallionella  circidaris. 
EM.  pi.  35  A.  9.  f.  3.  Asia  and  America. 
Filaments  slender, cmwed ;  joints  broader 
than  long,  closely  connected,  smooth, 
with  a  single  sutural  line. 

M.  Gallica.  =  Galliotiella  Gallica,  EM. 
pi.  9.  2.  f.  2.  Fossil.  France.  The 
rrastule  has  one  diameter  twice  as  long 
as  the  other,  and  no  suture  or  striae. 

M.  hal<yphila  =  Gallionella  halophila, 
EM.  pi.  37.  5.  f.  1.  Em-ope.  Fi'ustules 
minute,  smooth. 

M.  tceniata  =  Gallionella  teeniata,  EM. 
pi.  39.  3.  f.  65.  Atmospheric  dust.  The 
figure  shows  a  single  subquadrate  frus- 
tule,  without  any  distingmshing  cha- 
racter. 

M.  trachealis=  Gallionella  trachealis, 
EM.  pi.  8.  2.  _f.  18.  Himgary.  Ehrcn- 
berg's  figure  is  too  imperfect  to  be  in- 
telligible. 

M.  laminaris  =  Gallionella  laminaris, 
EM.  pi.  39.  3.  f,  64.  Asia.  The  imper- 
fect figure  shows  striated  jimction-mar- 
gins. 

M.  Scala  =  Gallionella  Scula,  EM.  pi. 
8.  1.  f.  24.  Hungary.  The  figure  re- 
presents a  slender  continuous  filament 
divided  into  smooth  qiia(h-ato  joints.  ' 

]M.  ?  mesodon  =.  Gallionella  ?  mesodon 


(Fraffilaria  mesodon?),  EM.  pi.  11.  f.  IG. 
I3ohemia.  Filament  slender,  conti- 
nuous, with  .smooth  subquadi'ate  joints, 
having  two  puncta  at  each  outer  margin, 
as  in  Fragilaria. 

M.  ochracea.  =  Gallionella  ferrur/inea 
(Ralfs). — Slender,  oval,  convex  at  both 
ends ;  smooth.  In  many,  perhaps  in  all 
chalybeate  waters,  and  also  in  peat- 
water,  which  contains  a  small  proportion 
of  ii'on,  this  is  to  be  foimd ;  it  is  of  the 
coloiu"  of  iron-mst,  and  in  mineral 
springs,  in  which  it  abounds,  is  often 
taken  for  precipitated  oxide  of  iron.  It 
covers  everything  under  water,  but 
foiTus  so  delicate  and  floccose  a  mass, 
that  the  least  motion  dissipates  it.  In 
the  spring  of  the  year,  this  mass  is  com- 
osed  of  very  delicate  pale-yellow  glo- 
ides,  which  can  be  easily  separated 
from  each  other.  They  imite  together 
in  rows,  like  short  chains,  and  produce 
an  irregidar  gelatinous  felt  or  floccose 
substance.  About  summer,  or  in  autimm, 
they  become  developed  into  more  evi- 
dently articulated  and  stiff  threads,  of  a 
somewhat  larger  diameter,  but  still  form 
a  complicated  mass  or  web,  and,  either 
from  adheiing  to  each  other  or  to  deli- 
cate Confervte,  appear  branched ;  in  the 
young  condition,  when  examined  under 
shallow  mag-uifiers,  they  resemble  gela- 
tine ;  but  with  a  power  of  300  diameters, 
the  flexible  granules  are  discoverable^ 
and,  with  dexterous  management,  the 
little  chains  forming  the  felt  or  floccose 
web  can  be  made  out.  In  summer,  on 
the  other  hand,  its  structiu-e  can  be  ob- 
served much  more  easily  and  distinctly. 
Early  in  spring,  the  colom-  is  that  of  a 
pale  yellow  ochre ;  but  in  simimer,  that 
of  an  intense  rusty  red.    Diam.  1-1200". 

According  to  Kiitzing,  this  is  not  a 
species  of  Gallionella,  but  a  Conferva; 
it  has  no  ti'ue  silicious  lorica,  as  have 
true  Diatomere ;  and  the  coating  of  oxide 
of  iron  is  not  an  essential  element,  but 
merely  an  incrustation,  such  as  will  form 
on  well-known  Confervaa  placed  under 
like  circumstances,  i.  e.  in  water  holding 
salts  of  iron  in  solution,  whicli  are  sub- 
sequently precipitated  by  exposure  to 
the  air,  and  converted  into  the  red  oxide. 

The  same  author  diflbrs  from  Ehren- 
berg  as  to  the  part  ployed  by  the  so- 
called  Gallionella  fcrn/i/inea  in  the  pro- 
duction of  the  oxicle  of  iron  in  chalybeato 
waters,  of  bog-iron  ore,  of  clay-iron  ochre, 
&c.  For,  ho  observes,  in  many  springs 
rich  in  iron  no  aucli  organism  is  found, 
althougli  other  Con fervai  may  bo  present 
—  Confervffi,  however,  not  peculiar  to 
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Bucli  habitats,  but  common  in  springs 
and  ponds  generally. 

Mr.  Ralls  {op.  cit.  p.  852),  however, 
in  part  supports  Ekrenberg,  declaring 
that,  though  identical  with  Conferva 
ochracea  (DiUwyn),  yet  "  Ehrenherg  is 
no  douht  con'ect  in  placmg  the  plant  m 
this  genus,  as  the  filaments  are  silicious 
and  cylindi'ical." 

Nageli  describes  and  figures  a  species 
which  he  refers  to  the  genus  Gallionella ; 
but  it  is  a  doubtful  member.  His  de- 
scription, however,  especially  that  of  the 
self-division,  induces  us  to  give  it  nearly 
in  his  own  words,  with  his  name  (Ray 
Society,  1846,  p.  219).  ^  •  i 

M.  Nageli  (R.).— Shortly  cylmdi-ical; 
diam. -014'"  to -027'".  Marme.  Naples. 

"Both  the  terminal  surfaces  of  the 
cylinder  are  flattened ;  so  that,  when  seen 
sideways,  it  appears  rectangular,  with 
the  angles  rounded  off.    It  is  composed 
of  one  simple  cell,  whose  membrane  is 
covered  by  a  siliceous  plate ;  and  its 
cavity    contains  chlorophyll-granules, 
which  lie  upon  the  membrane  m  two 
circular  bands,    (xv,  26-28  )    Each  of 
these  bands  occupies  one  of  the  obtuse 
angles  of  the  cyUnder,  and  appeai;s  annu- 
lar from  above,  rectilinear  from  the  side. 

"In  developing,  the  relative  length  ot 
the  cylinder  increasing,  a  septum  dmdes 
it  into  halves  (xv.  28  c),  which  when 
complete,  the  latter  separate  as  two  di- 
stinct beings.  The  nascent  chlorophyll- 
granules  are  either  spread  equaUy  over 
the  surface,  or  more  ftequently  ai-ranged 
in  radii  fi-om  the  nucleus  m  the  centre ; 
they  lie  in  the  com-se  of  the  cun-ents 
streaming  from  the  nucleus.  Compared 
with  a  cell  of  Confei-va,  or  of  Spu-ogyi-a, 
all  three  agree  in  the  forming  of  a  septum 


in  the  similarity  of  their  contents,  and  in 
the  depositions  of  extra-cellular  sub- 
stance. But  Gallionella  difl'ers  from 
both,  by  the  production  of  an  individual 
from  every  cell,  also  by  the  chlorophyll 
forming  two  lateral  bands,  and  the  sili- 
ceous extra-ceUular  substance  an  inter- 
mediate one. 

"So  far  as  my  investigations  go, 
Gallionella,  which,  according  to  Ehren- 
berg,  possesses  abivalved  or  multivalved 
shield,  agrees  with  the  above-described 
plant  in  all  essential  particulars.  _  The 
lines,  for  instance,  which  would  mtimate 
a  division  of  the  shell  into  two  or  more 


pieces,  ai-e  the  septa  by  which  the  cell- 
division  is  effected.    As  in  the  filifom 
Alo-£e,  these  walls  at  first  appear  as  deli- 
cate lines  ;  then,  by  an  increase  of  thick- 
ness, seem  two  clearly  defined  Imes ;  a,nd 
at  last  present  themselves  as  two  lamella, 
separated  by  an  intermediate  thu-d  hue. 
The  perforations  which  Ehrenberg  de- 
scribed, I  look  upon  as  nothing  more 
than  intercellular  spaces,  formed  be- 
tween the  two  new-fonned  cells  and  the 
parent  cell.    These  so-caUed  perforations 
are  only  visible,  therefore,  on  the  two 
lateral  borders  where  the  wall  abuts 
upon  the  membrane.    The  Confervoid 
AlgiB  exhibit  a  similar  appeai-ance.' 

Gallionella  (?)  Novce  Hollajidtce  (Ehr.), 
Avon  River,  Austi-alia ;  G.  gibha  (Ehr.), 
fossU,  Georgia;  G.  punctata  (Ehr.), 
Western  Asia;  G.  tincta  (Ehi-.),  Ural 
Mountains ;  G.  gemmata  (Ehr.),  Sibena; 
G.  lineolata  (Ehr.),  fossil.  North  Asia; 
G.  undata  (Ehr.),  Himalaya  Mountams; 
<?.  mrvata  (Ehr.),  India;  <ff.  i-agmata 
(Ehi-.),  India;  G.  Nilotica  (Ehr.),  River 
Nile,  are  species  known  to  us  only  by 
name. 


r  .,,o  AT^TTT-RnGYEA  (Ehr      The  characters  of  this  genus  are  unknowii 

A.  semilunans,  EM.  pi.  33.  6.  t.  ^ 

Guatemala.— Filament  jointed,  ciirved, 
with  crenate  margins,  and  senuluuate 


internal  body. 


Abthbogyha  Guatimalensis,  EM.  pi. 
33  6.  f.  1.  Eem-earth.  Guatemala. — 
Fiiament  straight,  jointed,  with  crenated 
margin,  and  straight,  fusifomi  internal 
body. 

-nrannsiT-R  A  CRib  ^  — Fnistules  united  into  a  short  filament,  with 
.trmSs  coveig^^^  cii-cular,  having  a  "^oi^y  pimc- 

?ate  a  numerous  (24  to  33)  slightly  cm-vcd,  oblique,  ray- 

Hke  hnerand  .  marginal  erown  of  teeth  (50  to  64). 

1   ,r.  ^nh   —Frustulos  I  rows,  which  con-espond  to  the  teeth  of 
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a  lag-oon  at  ManlVeclouia,  cfust  coast  of  I  late,  but  requires  the  highest  magnify- 
Italy.   Each  tootli  is  minutely  deuticu-  |  ing  powers  to  ascertain  it.    [v.  oa.; 

Genus  LIPAEOGYRA  (Ehr.).— rmstiiles  simple,  cyHndrical,  each  having 
an  internal  spiral  filiform  band  or  crest.  . 

The  habit  of  this  genus  closely  resembles  that  of  Spii'Ogyra,  a  non-silicious 
gcmis  of  Algae. 

Lip^VROGYBA  dmdroteres  (E.).. — 
Frustides  smooth,  crystalline,  three  or 
fom-  times  as  long  as  broad,  -with  an 
internal  spiral  band ;  margin  of  disc 
denticidated.  Rab  D.  p.  12.  =i.  spiralis, 
EM.  pi.  34.  5a.  f.  1,  3.  On  ti-imks  of 
ti-ees.  Venezuela.  Thirteen  spkals  in 
1-360".    (v.  72.) 

L.  circularis  (E.). — Fi-iistide  with  13 
annidai'  tm-ns  of  internal  line  in  1-360". 


Rab.  c.  p.  12.  With  the  preceding,  and 
in  BrazU.  Ehrenberg  says  he  is  not 
satisfied  whether  the  preceding  are  di- 
stinct species,  or  merely  varieties.  Each 
has  a  smooth  disc,  with  thi-ee  central 
apiculi. 

L.  scalaris,  EM.  pi.  34.  5a.  f.  2.  South 
America.  Ehrenberg-'s  figirre  represents 
the  fi-ustide  in  front  view  as  divided  by 
cross  bars  in  a  ladder-like  manner. 


Genus  POROCYCLIA(Ehr.).— Resembles  Liparogyra,  but  is  without  spii-es, 
has  interior  circular  rings,  and  the  margin  of  its  disc-like  ends  _  a  circlet  of 
deep  impressions.  We  doubt  whether  this  genus  is  sufficiently  distinct  from 
Liparogyra. 

PoKOCYCLiA  dendrophila  (E.).  —  radiating  series  of  puncta,  and  5  central 
Fmstides  smooth,  with  9  annular  lines ;  apiculi.  Rab  D.  p.  12.  On  trunks  of 
disc  with   12    mai-ginal   depressions,   trees.  Venezuela.  L.  1-320" ;  w.  1-560". 

Genus  STEPHANOSIRA  (E.). — Fnistules  united  into  a  short  filament ; 
disk  with  radiating  series  of  minute  puncta,  and  a  marginal  crown  of  teeth. 
In  form  this  genus  resembles  Stephanodiscus,  but  differs  from  it,  and  becomes 
allied  to  Melosira  by  its  imperfect  spontaneous  division,  and  consequent  con- 
catenation, In  Melosira,  however,  the  circlet  of  spines  is  wanting.  ^  We  are 
imacquainted  with  this  genus ;  and  its  characters  scarcely  suffice  to  distinguish 
it  from  Orthosira.    All  the  known  species  are  found  on  trees. 

preceding  species.    Diameter  1-720". 

S.  Europeea  (E.).  — Frustides  often 
broader  than  long,  smooth,  but  with  very 
faintly  striated  jimction-margins.  Rab. 
/.  c.  p.  14.  Among  mosses  on  trees  at 
Berlm.  Much  smaller  than  the  preced- 
ing. Chain  formed  of  three  to  fom-  frus- 
tides, each  1-2304"  to  1-1152"  in  depth ; 
rarely  1-1200"  in  width. 


Stephanosira  Epidendron  (E.).  — 
Front  view  with  pxmctated  transverse 
lines  and  ftm'ow.  Rab  D.  p.  14.  On  trees. 
Venezuela  and  Brazil.  Larger  diameter 
1-432";  smaUer  1-4320". 

S.  Hamadryas  (E.).  — In  front  view 
smooth,  but  with  jimction-margins  stri- 
ated; disc  having  marginal  radiating 
puncta,  and  its  centre  a  few  scattered 
dots,  Rab,  I.  c.  p.  14.    On  trees  with  the 


Genus  STEPHANODISCUS  (E.).— Disc  with  radiating  scries  of  puncti- 
form  granules,  and  furnished  with  a  crovm  of  erect  marginal  teeth.  Aquatic. 
_Stephanodisci  approximate  in  character  to  CycloteUa,  but  differ  from  them 
by  the  circlet  of  teeth.  They  also  approach  closely  to  the  non-cellulosc 
Coscinodiscese,  and  seem  to  have  as  good  a  claim  to  rank  Avith  that  family  as 
with  the  Melosirca3.  Stephanodiscus  differs  from  Odontodiscus  in  the  same 
manner  as  Pcristephania  does  from  Systephania,  and  in  our  opinion  might, 
without  inconvenience,  bo  united  to  it. 


Stkptianodiscuh  lieroUneiisis  (E.). 
— Small,  discoid ;  disc  plane,  finely  radi- 
ated, and  fiunished  with  acute  marginal 


tcoth  (often  32)  on  each  side.  KSA. 
p.  21.  Alive,  Boriin,  Diam.  1-1152".  In- 
ternal granular  substance  brown,  lobed. 
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Ganges.  Puncta  as  in  the  foregoing 
species,  the  rim  furnished  with  short 
triangular  tectla. 

S.  Niagara:  (E.). — Frustules  small; 
disc  with  numerous  (often  G4)  series  of 
punctiibim  granules  radiating  from  a 
large  gi-anulated  umbilicus,  and  as  many 
acute  marginal  teeth  as  rays.  EM. 
pi.  35  a.  7.  f.  21,  22.  Niagara.  This 
species  is  distinguished  hy  its  gi-anulated 
umbilicus. 


S.  JE(j!iptiacus,  EM.  pi.  S3.  1.  f.  IC 
Egypt.  '  'Ehrenberg's  figure  represents 
the  disc  with  series  of  puncta  radiating 
from  the  centre,  without  a  distinct  imi- 
bilicus,  the  teeth  munerous,  subulate, 
and  erect,    (v.  69.) 

S.  Sinmsk,  EM.  pi.  34.  7.  f.  7.  Canton. 
Ehrenberg's  figure  shows  the  puncta 
arranged  as  in  S.  jE(jyx>biacus,  but  the  rim 
striated,  and  the  teeth  nodule-like  and 
intra-marginal. 

S.  Bramaputrce,  EM.  pi.  35  a.  f.  9, 10. 

Genus  PEEISTEPHANIA  (Elu\).— Fmstulcs  simple,  discoid;  disc  with 
decussating  parallel  series  of  granules,  and  numerous  marginal  teeth.  Mari- 
time.   "  The  characters  of  this  genus  so  well  agree  with  Stephanodiscus  that 
perhaps  we  might  more  correctly  refer  the  deep-sea  form  to  that  genus.  But 
as  the  hitherto  known  Stephanodisci  are  all  fluviatile,  and  the  maritime  foi-m 
in  the  order  of  its  cellules  very  neai-ly  approaches  the  purely  maritime  Cosci- 
nodiscus  Ihuatus,  I  have  preferred  not  mixing  fluviatile  Stephanodisci  with 
a  doubtful  maritime  fonn.    Perhaps  the  flow  in  deep  water  may  have_  com- 
mingled a  fluviatile  form  with  the  maritime  ones.    Should,  therefore,  a  similar 
form  be  hereafter  found  in  any  river,  this  generic  name  must  be  cancelled,  and 
the  form  placed  in  Stephanodiscus  "  (ERBA.  1854,  p.  236).    As  we  consider 
habitat  altogether  inadmissible  as  a  generic  distinction,  we  would  distinguish 
Stephanodiscus  and  Peristephania  by  the  radiating  granules  of  the  foi-mer, 
and  their  parallel  arrangement  in  the  latter  genus.    We  should  prefer  to 
unite  this  genus  with  Systcphania,  which  differs  only  m  having  intra- mar- 
ginal teeth.    Perhaps  even  Coscimdisms  lineatus  might  be  included,  thus 
making  the  parallel  arrangement  of  the  gi'anules  the  essential  character. 

Pebistephania  Eutyeha  (E.).  — 
Habit  of  Coscinodisms  lineatus;  margin 
of  the  disc  armed  with  numerous  erect, 
crowded  teeth.  EM.  pi.  35  b.  4.  f.^14. 
Deep  soundings  of  the  Atlantic.  (V.  73.) 

P.    litieata    (E.).  —  Resembles  P. 

Genus  PYXIDICULA  (Ehi-.).  — Frustules  simple  or  binately  conjoined, 
free  or  adnate,  bivalved  ;  central  portion  obsolete ;  valves  very  convex.  In 
Pyxichcida  the  frustule  forms  a  bivalved  box,  and  differs  from  CyclotcUa  in  its 
vaulted  valves  and  the  absence  of  an  interstitial  portion.  The  same  chai-acters 
distinguish  it  from  all  the  Coscinodiscese.  As  fii'st  constituted  by  Ehi-enberg, 
Pyxidicida  contained  very  heterogeneous  forms ;  by  the  formation,  however, 
of  Mastogonia,  Stephanogonia,  Stephanopyxis,  and  Xanthiopyxis  as  chstinct 
genera,  tiiis  defect  has  been  in  a  great  measiu-e  removed ;  but  we  believe  it 
still  inchides  some  doubtful  species.  Dictyopyxis  was  separated  by  Ehi-en- 
bcr"-  first  as  a  subgenus  and  afterwards  as  a  genus,  for  those  forms  character- 
ized'by  the  cellidose  stnicture  of  the  valves,  leaving  in  the  original  genus  the 
smooth  and  punctated  species.  We  have  thought  it  more  desu-able  to  regard 
Dictyopyxis  as  a  subgenus  only,  until  some  of  the  species  arc  more  fiiUy 
Icnown. 


Eutyeha,  but  its  teeth  ai-e  fewer  and  more 
distant.  EM.  pl.  33. 13.  f.  22.  Cahforniau 
deposit  and  guano. 
In  both  species  the  teeth  are  minute 


and  triangidai". 


«  Frustules  smooth  or  minulely  punciate. 
Pyxidicula. 

Pyxidicitla  opereulata  (E.).— Frus- 
tules small,  orl)icular,  hyaline,  punctated. 


EM.  pl.  16.  1.  f.  46.  =  P.  ininor,  KSA. 
p.  21.  Fossil,  Sweden  ;  recent,  Asia,  Eng- 
land P  Diam.  1-1440"  to  1-570".  Valves 
joined  by  a  distinct  suture.  Kutziug 
refers  P.  ojw  mlata  (E.)  to  CyclotcUa. 
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P.  Ailriatica  (Kiitz.). — AdnatO;  sessile, 
of  middle  size ;  valves  convex,  nearly 
h(unisplievicnl,  verv  smooth.  IvB.  t.  21. 
f.  8.  Adriatic,  (xin.  33.)  Diam.  1-GOO". 

P.  P  prcetcxta  (E.). — Valves  trominato, 
slightly  hispid,  neither  cellulose  nor 
railiated,  but  bordered  by  a  raised  limb ; 
middle  Hat.  KSA.  p.  22.  Fossil.  Greece. 
Diam.  1-1152". 

P.  ?  urceolaris  (E.). — Valves  geminate, 
luiequal,  m'ceolate  (the  one  more  convex, 
elongated,  the  other  shorter),  each  with 
a  plane,  raised  limb ;  cellules  none,  but 
about  ten  smooth  rays  in  the  longer,  and 
eight  apiculate  ones  in  the  shorter  valve. 
=  Dictijopyxis  urceolaris,  Ej\I.  pi.  18.  f.  3. 
Fossil.   Virginia.    Diam.  1-1728". 

P.  lom/u  (E.).  —  Oblong,  two  and  a 
hiilf  times  as  long  as  broad,  cylindrical, 
with  romided  ends ;  sutiu'e  longitudinal. 
KSA.  p.  22.  Fossil.  Virginia.  L.  1-1080". 

2*  Frustules  celluhse.  Dictyopyxis 

P.  cruciata  (E.).  —  Frnstides  oblong, 
with  rounded  ends;  collides  large,  ar- 
ranged in  parallel  lines;  rim  distinct. 
EM.  pi.  18.  f.  2.=  Coscinodiscus  cruciatus, 
KSA.  p.  125. 

j3.  Hellenica,  smaller  =  Dictyopyxis  Hel- 
lenica,  EM.  pi.  19.  f.  13.  Fossil.  America. 
Guano,  &;c.  Frequently  the  disk  has 
some  series  of  its  cellules  more  conspi- 
cuous and  forming  a  cross.  Valves  cam- 
pan  ulate. 

P.  Cylindms  (E.),  —  Cyliuchical,  vrith 
roimded  ends,  three  times  as  long  as 
broad  ;  valves  with  obscm-e  rows  of  cel- 
lules. EM.  pi.  33. 13.  f.  8.  Fossil.  Mary- 
land. Diam.  1-960".  Valves  campanu- 
late,  sepai'ated  by  a  suture. 

P.  Lem  (E.).— Frustules  laterally  de- 
pressed, lenticidar,  cellulose;  valves  in 
front  view  semielliptic.  EM.  pi.  18.  f.  5. 
Fossil.  Virginia.  Diam.  1-636".  The 
frustule  is  oval  in  the  front  view,  the 
suture  fomiing  the  gi'eatest  diameter. 

P.  areolata  (E.).  —  Valves  with  a 
hoptagonal,  areolate,  punctated  centre, 
and  seven  lateral  punctated  areoLe. 
KSA.  p.  22.  North  America.  D.  1-960". 

P.  r/emmifera  (E.).  — Valves  turgidj 
crystalline,  not  bordered,  furnished  with 
lax  senos  of  crystalline  nodules,  fifteen 
of  whicli  very  nearly  reach  the  smooth 
centre.  KSA.  p.  22.  Fossil.  Maryland. 
Diam.  1-792". 

_  P.  comprassa  (P>ail.).— Frustules'ellip- 
tic,  bivalve ;  vah^cs  separated  by  a  plane 
parsing  through  tlio  longer  axis,  slightly 
convex,  and  with  transverse  rows  of  dels 
Baii.p.40,f.l.3,  14.  Florida. 
:  /P.  ch'»iuC(t  (E.).— Frustdos  having  the 


convex  margin  furnished  with  (irregular) 
slightly  prominent  little  teeth ;  cellules 
rather'large,  6  in  1-1200".  KSA.  p.  22. 
Antarctic  Ocean.    Diam.  1-840". 

P.?  limhata  (E.).  —  Frustules  oblong, 
vni\\  a  central  keel ;  valves  showing  in 
front  a  central  cellidar  surface,  and  32 
to  40  radiating  lines;  border  not  cel- 
lulose. =  Stepluuiopyxis  Umbata,  EM. 
pi.  18.  f.  7.  Fossil.  Maryland.  D.  1-792". 
Ehrenberg's  figau-e  is  oval,  and  has  a 
broad,  distantly  striated,  but  not  cellu- 
lose rim,  and  m  its  centre  scattered  gi'a- 
nules. 

P.  cristata  (E.). — Frustules  with  gemi- 
nate, lenticular  valves,  which  are  close 
together,  not  winged,  with  a  somewhat 
prominent  margin  like  a  thin  suture; 
cellules  of  disc  in  rows.  =  Stephatiopyxis 
cristata,  EM.  pi.  18.  f.  6.  Fossil.  Vir- 
ginia. Diam.  1-816".  Ehrenberg's  figm-e 
somewhat  resembles  that  of  P.  limhata; 
but  the  cellules  of  the  oval  valve  are 
crowded,  and  the  striated  lim  is  nar- 
rower. 

Ohscure  or  donhtfid  Species. 

P.  Ncigelii  (Kiitz.). — Smooth,  one  side 
orbicular,  girt  with  a  membranous  wing- 
lilie  ring ;  the  other  side  oval,  one  mar- 
gin more  convex,  umbonate  in  the  mid- 
dle.  KSA.  p.  889.  Switzerland. 

P.  Actinocyclus  (E.).— Frustules  with 
two  flattened,  finely  cellidar  and  ele- 
gantly radiated  valves;  rays  30  to  40, 
sti-aight  and  dense.  EM.  pi.  18.  f.  19. 
=  Cyclotella  Actinocyclus,  KSA.  p.  20. 
Fossil.  America.  Diam.  1-720".  Ehreu- 
berg  figiu-es  only  the  lateral  view,  which 
m  Its  radiating  series  of  dots  resembles  a 
Coscinodiscus. 

P.  ScarahcBus  (E.).  —  Oblong,  with 
unequal  valves ;  when  viewed  laterally, 
recaUmg  the  figiu'e  of  the  Scarabffius. 
=  Dictyopyxis  Scarabaus,  E.  Fossil, 
yirginia.  Diam.  1-648".  Cellules  14  in 
1-1150". 

^.  major  (Kiitz.).  —  Frustules  large, 
?  o§  punctated.    KB.  t.  1. 

V  .ok»  x^'^  America;  France.  Diam. 
1-420  .    Probably  a  state  of  P.  cruciata. 

i  .  globata.  —  We  insert  under  this 
name  certain  spherical  bodies  of  a  dia- 
meter varying  from  1-240"  to  1-1150", 
discovered  in  1836  by  Ehrenberg  in 
Hints  near  Berlin,  and  considered  by  him 
to  belong  to  the  silicious  Diatomacetv!. 
Kiitzing  has  examined  these  bodies, 
which  occiu-  along  with  silicious  .spicula 
of  sponges  a,nd  snecics  of  Xantliidium 
and  Peridiniuni,  but  does  not  consider 
them  Pyxidicultc.  The  section  of  pebble 
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contaiuiug  these  specimens,  from  whicli 
Mr.  Bauer's  drawings  (xvii.  50G-509) 
were  made,  was  found  on  Brighton 
beach.  The  iigiu-es  are  magnified  100 
diameters 


P.  prisca,  i^i-"^-  v'-  ■•  r  •■","7"' 
species  is  found  in  flints,  and  is  probably 


EM.  pi.  37.  7.  f.  5.  This 


the  same  as  the  preceding, 

P.?  r/tV/rts,  EM.  pi.  33. 13.  f.l8.  Fossil. 
California.  The  figure  shows  a  large 
orbicidar  disc,  with  distant  scattered 
dots,  and  no  suture. 

P.  decussata  (E.).— Found  in  the  chalk 
marl  of  ^gina. 

Genus  STEPHANOPYXIS  (Ehi-.).— Frustiilcs  simple  or  united  into  short 
■filaSente,  in  front  view  orbicular  or  oblong,  composed  of  two  ceUulose  valves, 
e^crhaving  a  crown  of  teeth,  spines,  or  membrane ;  central  portion  obsolete ; 
iTtilS  circular.  "This  group  includes  those  Pyxidicul^  which  h^^^^ 
turgid  fox-ms  with  a  ceUular  smface,  bearing  the  mddle  of  ^^^^^^^^'^ 
crown  of  smaU  teeth,  prickles,  or  a  membrane"  (^^f  J>  J^^^f^^^^^^ 
nr^Tipnr  simnle  •  but  as  recent  specunens  forming  short  tlaments  nave  oeen 
XnedTy  the  Rev.  R.  Cresswell  and  Mr.  Norman,  probab  y  the  others  ^o 
troriginaUy  so  formed,  but,  as  the  crowns  prevent  the  close  union  of  the 
Wulef  they  become  more  easHy  disconnected.  The  valves  agree  m  hen 
?:^^S;m  iw^^^^^^^  ends,  and  ceUulose  structures  with  Pyxidicula ;  but  their 
coronets  wiU  easily  distingaush  them. 


Stkphanopyxis  Diadema  (E.)-  — 
Valves  hemispherical,  with  paraUel, 
straight  rows  of  cellides;  centre  of  disc 
depressed,  with  a  circlet  of  numerous 
teeth  (20  to  ZQ).  =  Pyxidimla  Diadema, 
KSA.  p.21.  Fossil.  Virginia;  gimno. 
Diam.  1-576".  We  have  seen  two  fi'us- 
tules  connected.  t  j  •    i  „  i 

S  ri«r/'ts.— Frustules  cylmdncal,  cel- 
lulose, ends  depressed  at  the  centime  and 
fiu-nished  with  a  crown  of  spines  or  pro- 
cesses, which  are  tnmcate  or  clavate  at 
then-  apices;   areolse  hexagonal,  7  in 
•001"  =  CresswelUaTtcms,Gver.  m  LriJl^. 
V)  64  pi  6.  f.l09.  In  stomach  of  Ascidia. 
teig^mouth,  Hidl,  &c.  Fossil  in  guano. 
We  regi-et  being  imable  to  accept  the 
genus  Cresswellia,  as  we  believe  all  the 
Species  of  Stephanopyxis,  when  recent, 
have  the  fi-ustules  connected  by  then- 
coronets  :  S.  Diadema,  a  species  closely 
allied  to  the  present,  we  have  found  so 
imited  in  specimens  fi'om  guano.  iMs 
character  has  probably  escaped  detection 
only  because  in  all  filamentous  forms  the 
fossU.  frustides  are  usually  separated 
The  coronets  of  numerous  non-attenuated 
spines  distinguish  this  species,    (v.  74.) 
^S.  apiculata  (E.).  —  Frustules  oblong 
or  subcylindiical,  end  broadly  rounded ; 
ceUules  not  crowded,  arranged  in  longi- 
tudinal rows ;  centre  of  disc  with  a  few 


elongated  spines,  EM.  pi.  19.  13.  f.  6. 
America,  Eiu-ope,  guauo,  Sec.  , 

S.  appendiculctta  (E.). —Frustules  in 
fi.-ont  view  subglobose,  coarsely  and 
closely  celMose ;  segments  with  rounded 
ends,  each  with  an  excenti-ic,  short,  horn- 
like process.  EM.  pi.  18.  f.  4.  Fossd. 
Vircrinia.  Diam.  1-624".  Processes  tnm- 
cate, not  central;  cellules  formmg  a 
crenated  margin.        ^     ,  . 

S.  turgida  (Grev.).— Front  view  cyhn- 
diical-oblong ;  junction-mai-gms  subtinm- 
cate,  with  roimded  angles  and  a  crown 
of  elongated  spines  with  dilated  apic^ ; 
areola  ll  in. -001  =  Oresswema  ti.-g^d^ 
Grev  MJ.  vii.  p.  165,  pi.  8.  f.  14.  OaU- 
fornian  guano.  This  species  is  neaaly 
related  to  S.  Turris,  differs  m  he 
larger,  more  tndy  cylmdiical  and  trun- 
cate fi-nstules,  and  in  the  considerably 
smaller  areolation,  Grev.      ,  -ui^^^. 

S.  ferox  (Grev.).-Front  view  oblong ; 
valves  subglobose,  campanulate,  hispid, 
with  a  cro^  of  elongated  ^P^^^^^^  a 
thin,  hyaline,  promment  ^^^^^^^^^^f^f^ 
invn-o  i,  in  -001".  =  CressiceUiai  jetox, 

ifoi-nian  guano.  .  The  valves  are 
panded  at  theii-  jimption  so  ™ 
a  sutiu-al  keel,  as  m  some  species  ot 
Pyxidicula.    (v.  75.) 


um»i  J."  "  "  7  

Genus  XANTHIOPYXIS.(Ehr.).-Yalves  turgid  contous,  ^ntirc  n^^^^ 
ceSse,Hspid,  setose,  orwinged.  =  Pyxidiculao^n^..  Fossd  1 
arc  Pyxidicula  with  bristles,  scta3,  or  ^S^'  ^  J^^f  ^^"^^^  true  affinity 

Z^L  and  Ch^totyphla        arojxva^^^^^^^^  \^  the 
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but,  from  our  insufRcicnt  acquaintance  with,  them,  we  are  unable  to  decide  on 
their  proper  position,  and  have  not  attempted  their  removal.  Ai-e  they  akin 
to  Goniothecium  ? 


X.AJNTHioPYXis  glohosa  (E.).  —  Frus- 
tules  subglobose,  hispid,  with  short  setae. 
=  Pyxidicula  globosa,  KSA.  p.  23.  Fossil. 
Bermuda.    Uiam.  1-552". 

'K.  oblonga  (E.). — Finstules  oblong, 
equally  and  broadly  roimded  at  each  end, 
densely  hispid,  with  short  setse,  which 
are  sometimes  joined  by  a  membrane. 
EM.  pi.  33.  17.  f.  17.  =  Pyxidicula(K.). 
Fossil.  Virginia.  L.  1-552".    (v.  76.) 

X.  constricta  (E.). — Frustides  oblongs 
constaicted  at  the  middle,  and  broadly 
roimded  at  each  end,  hispid,  with  short 
setae,  which  are  often  jomed  by  mem- 
brane. =Pyxidicula  constricta,KSA.  p.  23. 
Fossil.  Bei-muda.  L.  1-384".  Differs 
fi'om  X.  oblonga  by  its  constriction. 

X.  liirsuta  (E.).  —  Frustides  bivalved, 
subglobose,  not  cellulose,  rough  with 
simple  and  obsoletely  forked  hairs.  = 
Pyxidinda  ?  hirsiita,  EHBA.  1845.  Fos- 
sU,    Maryland.    Diam.  1-115".  Habit 


of  Xanthidiiim,  but  silicious. 

X.  urceolaris  (E.).— Valve  urceolate, 
with  the  summit  bristly ;  margin  revo- 
lute.  EM.  pi.  33. 16.  f.  14.  FossU.  Vk- 
ginia.  Diam.  1-1560".  "I  [EhrenbergJ 
have  only  met  with  single  valves.  In 
form  they  resemble  Stephanogonia;  but 
are  not  angular." 

X.  alata  (E.). — Fiiistules  smooth,  ob- 
long, each  end  equally  and  broadly 
roimded ;  mai-gin  of  the  valves  bordered 
by  a  lacerated  or  deeply  dentate,  not 
setose  membrane.  =  Pyxidicida  alata, 
KSA.  p.  23.  FossU.  Bei-muda.  D.  1-552"- 

Doubtftd  Diatom. 
X,  aculeata  (E.) = Pyxidicula  amleata. 
The  figiu-e  in  Microg.  pi.  18.  i.  124  shows 
a  globidar  spiuous  body,  resemblmg 
some  sporangia  of  the  Desmidieae.  Eh- 
renberg  himself  regards  this  as  a  veiy 
doubtful  Diatom. 


Genus  INSILELLA  (Ekr.). — Frustules  simple,  equally  bivalved,  cylindrical 
(fusiform),  with  a  turgid  ring  interposed  ia  the  middle  between  the  valves. 
Marine.    Eesembles  a  cyUndiical  Biddulphia. 

Insilella  ^/ncfmrt  (E.). — Frustides  others  decreasing  at  each  end,  oblong; 
fusiform,  smooth,  four  times  constricted ;  each  apex  acmninated.  KSA.  p.  32. 
the  middle  joint  lai-gest,  subglobose ;  the   Mouth  of  the  river  Zambese,  Africa. 


FAMILY  VIII.— COSCINODISCE^. 

Frustules  disciform,  mostly  simple ;  lateral  valves  or  discs  flat  or  convex, 
cellulose,  areolate  or  granulate,  without  processes,  but  sometimes  furnished 
■with  sprues  or  teeth ;  connecting  zone  ring-lilce  and  generally  smooth.  The 
Coscinodiscese  are  closely  allied  to  the  Melosireae, — a  fact  noticed  by  Kiitzing 
himself,  although  in  his  arrangement  the  families  are  widely  separated.  The 
distinction  between  them  is  by  no  means  satisfactory;  according  to  Kiitzing, 
it  consists  in  the  cellulose  or  areolated  structiu-e  of  the  Coscinodisceas.  But 
whilst  on  the  one  hand  we  find  in  the  Melosii'eae  some  species  of  Pyxidicula 
and  Stephanopyxis  with  cellulose  valves,  on  the  other  hand,  in  tliis  family 
some  species  are  merely  granulate  or  pimctate.  PracticaUy,  however,  the 
proper  situation  of  the  species  can  generally  be  dotermiaed  without  much 
difficulty.  In  the  Coscinodiscese  the  fiiistules  never  form  filaments,  the  con- 
necting zone  is  always  present,  narrow  and  ring-like,  and  the  lateral  valves 
are  never  so  convex  as  to  be  hemispherical  or  campanulate  ;  so  that  the  disk 
18  almost  always  m  the  field,  it  being  difficult  to  obtain  a  good  front  view. 
Most  of  the  forms  mcluded  in  this  famUy  are  marine,  and  many  are  remai-k- 
able  tor  their  exceeding  beauty. 

Genus  COSCINODISCUS  (Ehr.).— Frustules  simple,  discoid ;  disc  ccUuIai- 
or  dotted,  without  processes,  defined  border,  internal  septa,  or  division  into 
radiating  compartments.    "  The  only  essential  character  that  distinguishes 
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this  genus  from  Cyclotella  is  the  arcoliition  of  the  secondaiy  surfaces" 
(Mencg.).  "  This  genus  finds  its  nearest  allies  in  the  Melosii-ecc,  whose 
generat  from  their  filamentous  character,  stand  mdoly  apart.  Were  the 
frustules  of  Goscinodiscus  eccentricus,  for  example,  permanently  coherent  after 
seK-division,  it  would  be  difficult  to  separate  them,  in  a  generic  point  of 
view,  from  those  of  Orthosira  nivalis,  which  have  the  same  cellukr  stnicture, 
or  from  those  of  Melosira  aurichalcea  or  M.  sulcata,  which  are  furnished 
with  a  projecting  fringe  of  sUex,  the  homologue  of  the  spinous  processes  m 
C  eccentricus"  (Smith,  BD.  i.  p.  23).  Goscinodiscus  is  easily  distmgiushcd 
from  most  genera  in  this  famUy  by  a  disk  not  divided  into  compartments. 
In  the  gTeater  number  of  species  the  cellules  have  a  radiating  arrangement, 
and  become  smaller  near  the  margin;  the  former  character,  however  is  ^e- 
quently  obscure,  and  is  best  seen  by  as  low  a  magmfymg  power  as  will  suffice 
to  determine  the  cellular  or  dotted  structure. 


»  Disc  with  a  few  central  larger  {cjene- 
ralhj  ohlomf)  'cellules,  stellately  arranged, 
and  forming  an  umbilical  rosette  (rim 
striated). 


t  Disc  large,  and  its  cellules  distinct. 
CoscrNODiscus  centralis  (E.).  —  Cel- 
lules minute,  nearly  equal,  in  crowded 
radiating  series;  umbilical  rosette  of  a 
few  oblono-  cellules  round  a  circular  one. 
EM.  pi.  18. 1 39 ;  GDC.  p.  28,  pi.  3.  f.  50. 
Fossil.  Virginia  and  Sicily.  A  large 
species  with  striated  rim. 

C.  omphalantlms  (E.).  —  Cellules  m 
radiating  series,  marginal  ones  smaller, 

7  to  8  in  1-1200",  middle  ones  larger, 
6  in  1-1200"  ;  umbihcal  rosette  of  7  or 

8  large  oblong  cellules.  KSA.  p.  125. 
Bermuda  deposit.  Disc  large.  D.  1-96  . 
Mr.  Brightwell  finds  it  difficult  to  distm- 
guish  this  species  from  the  following, 
and  considers  thek  specific  characters 
unsatisfactory.  „  „  ,  , 

C.  Oculus  Iridis  (E.).  —  Cellules  hex- 
agonal, in  radiating  series,  smaller  at 
the  margin  and  near  the  umbilical  rosette, 
which  is  formed  of  from  5  to  9  large 
oblong  ceUules.  EM.  pi.  18.  f.  42.  Fossil 
and  recent.    America,  Em-ope,  Milford 
Haven,  &c.    This  large  species,  when 
diT,  is  marked  with  colom-ed  rings,— an 
efiect  apparently  due  to  the  peculiar 
arrano'ement  of  its  cellules.    It  difl'ers 
from  °C.  centralis  in  its  larger  cellules, 
and  from  C.  asterompludus  by  the  absence 
of  a  veil    "This  species,  both  in  the 
recent  and  fossil  speciinens,_  often  ac- 
quu-es  a  size  not  much  inferior  to  that 
of  C.  </w«s"  (Bailey).      ^.    ,     .  , 
c!  horealis  (BaU.).  -Disc  havmg  at 
its  depressed  ccntTe  a  conspicuous  stai-^ 
fonned  of  about  0  large  celhao  •  Ihe 
rest  of  the  surtace  covered  with  mtci- 
ruptedly  radiant  lines  of  prominent  hex- 


agonal cellides,  which  increase  regularly 
from  near  the  centi-e  to  the  convex 
margin."  B.  in  Amer.  Jom-n.  of  Science 
and  Arts,  1856.  Sea  of  Kamschatka. 
"  This  resembles  C.  Ocidiis  Iridis ;  but 
the  cellules  forming  the  star  are  more 
rounded,  and  the  other  cellules  are 
larger  "  (Bailey). 

C.  asteromphalus  (E.).  —  Cellules  m 
radiating  series,  smaller  towards  the 
margin  ;  imibilical  rosette  distinct ;  sm-- 
face  appearing  as  if  covered  by  a  very 
finely  pimctated  veil.  EM.  pi.  18.  f.  45. 
Fossil.  America.  CeUules  large,  rather 
tumid.  C.  astei-omphahis  difiers  frpm  the 
other  species  with  stellate  umbilicus  by 
its  minutely  punctated  cellules. 


2  +  Disc  with  cellules  obscure,  and  re- 
'quu-ing  the  higher  magnifjong  powers 
to  discern  them. 

C.  concinmis  (Sm.).— Disc  large,  with 
radiating  series  of  minute  puncta,  and 
an  umbilical  irregular  rosette  of  lai-ger 
cellules,  divided  into  compartments  by 
radiating  lines,  which  tenninate  at  the 
maroin  in  mmute  spines,  (v.  89.)  SBD. 
ii.  pr85 ;  Roper,  MJ.  vi.  p.  20,  pi.  3.  f.  12. 
Em-ope.  Valves  convex.  In  some  spe- 
cimens the  marlcings  are  veiy  inconspi- 
cuous, and  diflicidt  to  detect;  in  others, 
as  in  the  specimens  fi-om  Hull,  more 

evident.  .  x_  i 

C.  stellans  (Roper). —  Disc  extremely 
hyaUne,  with  very  fine,  inconspicuous 
radiating  series  of  puncta,  aud  a  few 
laro-cr,  stellately  arranged  umbilical  cel- 
lules. (V.  83.)  Ro  MX  vi.  p.  21,  pi.  3. 
f  3  Caldy,  rembrokeshiro.  When 
mounted  in  balsam,  the  disc  is  so  hya- 
line, and  the  puncta  so  difficult  to  detect, 
that  it  is  liable  to  bo  regarded  as  a 
detached  ring.  Dry  valves  brownish, 
without  marginal  spmcs. 
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2  *  lyisc  icith  a  central  hjalinc  tanhUicHS, 
which  often  resonhles  a  pcrfovdtion. 
(27ie  sjiccies  arc  commonly  smaller  than 
those  of  the  2^>'cccclui(j  section.) 

C.  uctinochilus  (E. ), — Granules  iu  close 
lines,  radiating  from  tlie  distinct  punc- 
tated umbilicus,  separated  from  the  mar- 
gin by  ft  border  of  pimcta  aii-anged  in 
close,  short,  radiating  lines.  EM. 
pi.  35  A.  21.  f.  5.  Antarctic  Sea.  The 
radiating  series  of  granules  are  close, 
but  distinct. 

C.  Lunm  (E.).  —  Granules  equal,  ar- 
ranged in  distinct  series,  radiating  from 
the  smooth  umbilicus,  and  separated  fi-om 
the  margin  by  a  border  of  minute  puncta. 
EM.  pi.  35  A.  21.  f.  7.  Antarctic  Sea. 
Somewhat  resembles  C.  actinochilus,  but 
has  fewer  rays,  the  marginal  puncta  ai-e 
more  obscm'e,  and  the  imibilicus  is 
smooth. 

C.  gemmifer  (E.). — Disk  with  con- 
spicuous granules,  an-anged  in  lax  and 
eleg-antly  i-adiating  lines  from  a  smooth 
umbilicus;  border  minutely  pimctated. 
EM.  pi.  35  A.  22.  f.  3.  Antarctic  Sea. 
Bennuda  deposit.  The  rays  are  fewer 
and  more  distant  than  in  the  two  pre- 
ceding species ;  but  all  agi-ee  in  having 
well-marked  granules,  distinct  rays,  and 
minute  submarginal  puncta.  Diam. 
1-456".  Very  like  Pyxiclicula  gemmifera, 
but  lai'ger  and  more  depressed. 

C.  a^nculatus  (E.).  —  Cellules  rather 
prominent,  apicidate,  rendering  the  sm-- 
iace  rough,  subequal,  radiating,  10  in 
1-1200";  umbilicus  smooth.  EM.pLlS. 
f.  43.  America.  Diam.  1-324".  Has 
a  general  resemblance  to  Pyxiclicula 
gemmifera. 

G.perforatus  (E.).  — Cellules  minute, 
an-anged  in  close,  radiating  series ;  imi- 
bilicus smooth,  resembling  a  perforation ; 
margin  finely  rayed.  EM.  pi.  18.  f.  46. 
America.  Diam.  1-348".  Differs  fi-om 
C.  Jimhriatus  by  its  umbilicus. 

C.  disciger  (E.). — Differs  fi-om  C.  per- 
foratus  by  its  in-egularly  circular,  not 
smooth,  and  larger  umbilicus,  and  by  its 
very  minute  and  dense  pimctiform  cel- 
lules. KSA.  p.  123.  Virginia.  Diam. 
1-480".    Cellides  about  30'in  1-1200". 

C.  Apollinis  (E.). — Disc  with  nume- 
rous series  of  V017  dense,  equal,  puncti- 
form  granules,  radiating  from  a  small 
umbilicus.  EM.  pi.  35  a.  22.  i.  4.  Ant- 
arctic Sea.  It  diHers  from  C.  Luncc  by 
the  gi-eater  number  and  denseness  of  its 
rays,  which,  however,  although  nume- 
rous, are  distinct.  Diam.  1-432".  17 
granules  in  1-1200". 


0.  cingitlatus  (E.).  —  Disc  with  very 
dense,  punctiform  granules,  indistinctly 
radiating  from  a  small  clear  umbilicus  ; 
margin  with  an  annular  band  capable  of 
being  detached.  EM.  jil.  35  a,  21.  L  6. 
Fossil.  America,  Antarctic  Sea.  20  gra- 
nules in  1-1200".  Diam.  1-552".  Resem- 
bles C.  Apollinis,  but  its  granules  are 
denser  and  less  distinctly  radiating. 

3*  lio  umhilical  vacancy;  disc  icith  a 
striated  border  distinct  from  the  rim. 

C.  Jimhriatus  (E.).  —  Cellules  small, 
subequal,  obsoletely  radiating,  near  the 
margin  smaller  and  arranged  in  radi- 
ating lines  resembling  stria3.  E.  /.  c. 
pi.  22.  f.  2.    Fossil.  Sicily. 

C.  marginatus(E.). — Cellules  in  ciu-ved 
lines;  marginal  ones  smaller  and  ar- 
ranged in  radiating  lines  resembling 
strife.  E.  I.  c.  pi.  18.  f.  44.  Eecent  and 
fossil.  America,  Cuxhaveu.  Cellules  9 
or  10  in  1-1500". 

C.  limhatus  (E.).  —  Central  ceUides 
largest,  not  radiating,  outer  ones  small- 
est, crowded,  arranged  in  radiating  lines 
resembling  strife.  E.  /.  c.  pi.  20. 1.  £  29. 
Fossil,  Greece.  Diam.  1-576".  The 
lai-gest  7  in  1-1200". 

e.  striatus  (K.).  —  Cellules  irregularly 
crowded  in  the  middle ;  margin  of  disc 
with  radiating  striae.  KB.  t.  1.  f.  8. 
Cuxhaven.    Diam.  1-456". 

4  *  Disc  icith  radiating  series  of  celhdes  ; 
no  distinct  umbilicus,  nor  striated  border 
distinct  from  the  rim. 

C.  gigas  (E.).— Disc  very  lai-ge ;  cel- 
lules large,  hexagonal,  radiating,  largest 
at  the  margin,  decreasing  towards  the 
centre.  EM.  pi.  18.  f.  34.  Virginia ; 
Maryland ;  alive,  Cuxhaven.  The  largest 
species  of  the  genus,  and  well  character- 
ized by  its  large  hexagonal  cellules  gra- 
dually decreasing  in  size  fi-om  the  margin 
to  the  centre.    Eini  striated. 

_C.  excavatus  (Grev.  MS.).— Disk  large, 
vdth  hexagonal  cellules  decreasing  in 
size  towards  the  centi-e,  which  has  three 
conspicuous  depressions  alternating  with 
the  same  number  of  elevations.  Pisca- 
taway  de^josit.  The  disc  in  this  species 
is,  from  its  large  size,  visible  to  the 
naked  eye,  and,  like  C.  gigas,  it  appears 
ring-like,  the  smaller  central  cells  being 
then  invisible.  There  is  no  distinct  um- 
bilicus; but  the  central  portion,  including 
tho  elevations  and  depressions,  is  thinner 
aiid  is  rarely  foiuul  perfect.  The  cellules 
of  the  deiircssions  appear  smaller  and 
more  radiant  than  the  others.  {\^u.  20.) 
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0.  o-assiis  (Bail.).  —  Disc  without  a 
central  star,  covered  with  interruptedly 
radiant  lines  of  large,  pronunent,  hex- 
ao-onal  cellules  with  circular  pores ;  cei- 
h^es  somewhat  larger  near  the  margin. 
B  Amer.  Joirni.  Science,  1856.  Alive, 
Sea  of  Kamtschatka;  fossil,  Monterey. 

C  profundus  —Cellules  of  disc 
subequai,  near  the  margm  smEdler  an^ 
in-eg-ularly  radiating.  ERBA.1854;  EM. 
nl.  35  B.  f.  8.  Atlantic. 
^  C.  radiatus  (E.).  -  Cellules  rather 
large,  arranged  in  radiating  lines  (EM. 
pi.  2i.  f.  1;  SBD.  pi.  3.  f.  37),  smaller 
Larthemargin.  (XI  39,  40.)  Common, 
both  recent  and  fossil.  Diam.  l-8bU  to 
1-240".  The  radiating  an-angement  is 
sometimes  obsciu-e.  . 

C.  Sol  (WaUich).— Disc  as  m  C,  radi- 
atus, but  suiTOimded  by  a  broad,  hyalme, 
membranous  border,  which  is  divided 
into  compai-tments  by  numerous  radiating 
lines.  Wallich,  TMS.  viu.  pi.  2  f.  1,  2. 
From  Salpis,  Bay  of  Ben-al,  and  Indian 
Ocean.  On  subjecting  the  frustule  to 
acids,  the  membranous  ring  is  at  hrst 
simply  detached,  and  after  a  while  dis- 
solved (Wallich). 

C.  Aram  (E.).-Cellules  large,  some- 
what smaller  at  the  centi-e  aoid  mar^n; 
the  radiating  arrangenient  often  mter- 
nmted  Ell.  pi.  21.  f.  2.  Recent,  Cux- 
Sen ;  fotsll,  and  Sicily. .  May  be 
a  variety  of  C.  radiatus,  from  which,  how- 
ever, Ml'.  Brightwell  considers  it  suft- 
cSlydistink  He  finds  the  ceUides 
in  that  species  always  radiant,  whilst 
in  the  present  they  have  no  definite 
arrangement.  ^. 

G.  radiolatus  (E.).-Gramdes  pimcti- 
foi-m,  equal,  radiating.  E.  c  pi.  i»- 
f.  36.  Fossil,  Vii-gima.  Differs  from 
a  ApolUnis  by  the  absence  of  an  um- 
bilicus.   18  cellules  in  1-1200' . 

C.  subtilis  (E.).— Granules  punctifoim, 
small,  equal,  radiating.  E.  Z.  c.  pi.  i». 
f  35  America.  Similar  to  C.  radiolatus, 
but  with  24  cellules  in  1-1200". 

0.  Normanni  (Greg.).— Disc  with  la- 
diatino-  series  of  faint  areolae  arranged 
in  fasciculi  of  about  6  rows  each ;  areolae 
eaual,  except  near  the  margin,  where 
Sey  are  smaller;  rim  smooth.  Grev 
,t V  ••  «1  iil  6  f.  3.  In  stomach  of 
A^-^Zn?  tlSi  Areote  about  24  in 
^J?^  No  Snct  umbilicus  Differs 


white  border.  EM.  pi.  18.  f.  41 ;  K&A. 
p  124.  Virginia.  Cellules  at  centre, 
24  to  26  in  1-1200".  Diam.  1-348". 
Ehreiiberg  gives  a  figure  of  an  oval 
variety  of  this  species,  pi.  18.  f.  40. 

C.  tcnellus  (E!).— Cellules  veir  small, 
equal,  radiating.  EB.  1854.  Atlantic. 
17  or  18  cellules  in  1-1200".  The  cha- 
racters given  are  insuilicient  to  distin- 
gmsh  this  species  from  C.  radiolatus  and 
C.  subtilis. 

C.  (jranidatus  (E.).— Disc  smaU,  with 
dense  series  of  veiy  small  cellules,  caus- 
ino-  a  ffranidar  appearance ;  gi-anules  18 
to  21  ii  1-1152".  KSA.  p.  m.  Fossil. 
Vii-ginia.    Diam.  1-552". 

G.  umbonatus  (Greg.).  —  Disc  densely 
ceUidate,  havmg  a  broad,  neariy  fiat 
marginal  zone,  the  central  portion  being 
neaily  or  quite  hemispherical ;  ceUules 
generally  radiant,  small  and  irregulai-  m 
outline.  Diam.  -0045".  Lamlash  Bay. 
GD.  p.  28,  pi.  2.  f.  48. 


5*  Cellules  not  radiating ;  no  distinct 
umbilicus  or  striated  border. 

t  Cellules  arranged  in  more  or  less 
perfect  concentric  circles. 

0.  Patina  (E.).  —  Disc  large,  with 
moderate-sized  cellules,  disposed  m 
concenti-ic  cii'cles  and  beconmig  smaller 
towards  the  margin.  KB.  p.  i.  t.  io- 
Fossil,  Greece;  alive,  Cuxhaven.  Ihe 
young  and  vigorous  specimens  of  live 
Ldivfduals  arl  complete  y  fi  led  with 
yellow  gi-anules,  whilst  the  older  ones 

within  them.   Diam.  1-860"  to  1-240  . 

C.  isoponis  (E.).-Disc  coarsely  cel- 
lular; cellules  close  ™ged  in  con- 
centre circles.  EM.  pi.  33  1/.  f.  3 
Disc  of  moderate  size.  Ehrenberg  s 
figure  bears  some  resemblance  to  C  con- 
cavus,  but  has  concentiic  cellules,  and  no 

'^t^:i«t>.).-CeUiaes  large^^^^^^ 
gnlar,  rather  distant,  arranged  somewhat 
foncentrically;  the  disc  pimc  ated,  ap- 
pearing as  if  covered  with  a  veil.  E.  /.  r. 
pi.  18.  f.  37.  Virginia.  Diam.  1-492  . 
2t  Cellules  in  pai-allel  or  curved  lines. 

C.  UnoaUcs  (E.).  -  Celliiles  BUjf  -  "J" 
cular  arranged  in  sti-aight,  paraUel  lines. 

alive,  Cuxhaven.  Common  Ihe 
cells' in  thi  species  form  parallel  hues  m 
whatever  direction  they  "lay  be  viewc^^ 
In  large  and  well-presen-ed  fossil  speci- 
mens as  many  as  twenty-five  openmg 
(?  spines)  wore  seen  near  the  ciicum- 
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ference.  Within  the  live  forms  some- 
times nimrerous  yellow  vesicles  are  seen, 
as  in  Gallionella.  Diameter  of  fossil 
1-1150"  to  1-480";  Uving,  1-1150"  to 
1-860". 

C.  eccentricm  (E.).  —  Cellules  small, 
disposed  in  excentric  cui-ved  lines.  KB. 
pi.  1.  f.  9.  Common,  both  recent  and 
fossil.    D.  1-860  to  1-430". 

Sf  Cellules  in  no  deteraiinate  arrange- 
ment. 

C.  concavus  (E.). — Each  valve  very 
concave,  the  two  opposite  conjoined, 
forming  an  entire,  very  convex  body ; 
cellides  coarse,  equal,  not  radiating. 
EM.  pi.  18.  f.  38;  GDC.  pi.  2.  f.  47. 
Virginia.  Cellules  4  in  1-1200".  An 
African  variety  has  twice  as  many.  = 
Melosira  cribrosa,  Sm  ANU.  xix.  p.  11, 
pi.  2.  f.  16. 

C.  heteroponis  (E.).  —  CeUides  hex- 
agonal, smaller  at  the  margin  and  centi-e, 
intermediate  ones  largest,  unequal.  ILA. 
p.  123.  Bei-muda  deposit.  D.  1-360". 
This  species  may  be  recognized  by  the 
smaller  marginal  and  central  cellides  and 
the  very  xmequal  intermediate  ones. 

C.  minutus  (Kiitz.).  —  Disc  nearly 
smooth,  margin  with  punctated  rays. 
D.  1-1416".  KB.  1. 1.  f.  14.  Cuxhaven. 

C.  minor  (E.). — Margin  smooth ;  disc 
irregularly  and  densely  cellulose-punc- 
tate. FossU,  Sicily  and  Virginia ;  alive, 
Em-ope  and  America.  E.  I.  c.  Not  C. 
ininor  of  SBD. 

C.  Jlavicans  (E.).  —  Disc  small,  with 
very  fine  non-radiating  cellules,  yeUow 
by  transmitted,  but  white  by  reflected 
Ught.  KSA.  p.  122.  Peru  a:nd  St.  Do- 
mingo. 

C.  lahjrinthus  (Roper). — Disc  divided 

Genus  ENDICTTA  (Ehr.).— Fnistules  disciform,  simple  or  forming  short 
filaments,  closely  cellulose,  in  front  view  with  a  middle  furrow,  having  on 
each  side  crowded  paraUel  series  of  cellules.  Kiitzing  places  its  only  species  in 
Coscmodiscus ;  but  we  think  that  it  is  much  more  nearly  allied  to  Orthosii-a. 


by  dotted  lines  into  large,  in-egular,  hex- 
agonal, minutely  dotted  spaces ;  puucta 
15  in  -001".  Eo  MJ.  vi.  p.  21,  pi.  3.  f.  2. 
Pembrokeshire.  This  species  has  some- 
what the  aspect,  under  a  low  power,  of 
a  finely  maAed  specimen  of  C.  ecccn- 
triciis,  but  differs  in  the  absence  of  a 
spinous  margin,  and  in  the  large  and 
irregidarly  shaped  hexagonal  spaces 
without  any  clearly  defined  margin  (Ro.). 

Doubtful  or  imperfectly  hnown  Sjjecies. 
C.  cinctus  (K.).  —  Rim  with  inter- 
rupted radiating  strise;  cellules  of  disc 
crowded  in  the  centre,  the  others  scat- 
tered, remote.   KSA.  p.  122.    C.  Patina, 

B.  Ajuer.  Jour,  of  Science  and  Arts, 
1842,  pi.  2.  f.  13.  Alive,  Cuxhaven ; 
fossil,  Virginia.  Diam.  1-324".  Ehren- 
berg  refers  the  Virginian  specimens  to 

C.  minor. 

C.  ovalis  (Ro.). — Valves  oval,  brown- 
ish in  bidsam,  with  finely-dotted  radi- 
ating liaes  and  no  distinct  lunbUicus. 
Ro  MJ.  vi.  p.  22,  pi.  3.  f.  4.  Pembroke- 
shire. Markings  very  delicate  and  in- 
conspicuous,   (v.  78.) 

C.  punctulatus  (Greg.). — Disc  marked 
with  very  fine  and  obscure  lines,  the 
whole  sm-face  sparsely  pimctate.  Lam- 
lash  Bay.    GD.  p.  28,  pi.  2.  f.  46. 

_  C.  nitidus  (Greg.). — Disc  marked  with 
distant  and  irregidarly  radiant  granules, 
larger  towards  the  centre ;  margin  striate, 
strife  about  16  in  -001".  Lamlash  Bay. 
Greg.  I.  c.  p.  27,  pi.  2.  f.  45.  (vni.  18.) 

C.  cervmus  (Bri.).  —  Disc  nunutely 
pimctate,  puncta  scattered ;  centre  con- 
vex. Diam.  -0054"  to  -0085".  =  IIi/alo- 
discus  cerviniis,  Bri  JjNIS.  viii.  p.  95,  pi.  5. 
f.  9.    Arctic  regions. 


EiTDiCTTA  oceanica  (E.).  —  Disc  with 
close  cellides  and  a  dentate  rim.  (v.  70  ) 
EM.  pi.  35  A.  18.  f.  6,  7.  =  Orthosira  oce- 
anica, Bri  JMS.  viii.  p.  96,  pi.  6.  f.  16. 
Common  in  Peruvian  guano.  Some- 


times the  cellules  of  the  disc  are  almost 
concentric  in  their  arrangement,  7  in 
1-1152".  Diam.  1-528".  This  fonn  is 
probably  identical  with  Coscinodiscus 
concavus  and  Melosira  cribrosa. 


Genus  CRASPEDODISCUS  (Ehr.). -Prustules  simple,  discifoi-m;  disc 
ceUuloso  without  stneo  or  septa,  but  having  a  broad,  wcU-dcfincd,  tumid 
border  of  a  different  stnicture  from  the  centre.  Craspedodiscus  has  the  habit 
of  Coscinochscus,  with  which  Kiitzing  united  it.  It  differs  from  Coschiodiscns 
Itmhatus,  and  simdar  forms,  by  its  margin,  which  docs  not  form  a  mere  rim. 
but  a  broad  border  of  a  different  structiu'o,  separated  from  tlie  centre  by  a 
distinct  fiuTow  or  well-defined  line. 
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CnASPEDODiscua  vlcr/ans  (E.). — Bor- 
der wifh  obliquuly  quadrate  cellules; 
disc  with  a  ceutral  rosette  of  live  or  six 
oblong  ones,  the  others  being-  circular 
and  somewhat  radiating,  (xi.  38.)  EM. 
pi.  33.  18.  f.  2.  =  Coscinocliscns  cleyans, 
KSA.'p.  126.  Bermuda  deposit.  Frus- 
tides  large,  with  an  elegantly  marked 
border,  the  diameter  of  which  is  much 
less  than  that  of  the  centre.  This  species 
differs  from  the  rest  in  its  ceutral  rosette 
and  diagonally  marked  border. 

C.  Coscinodiscus  (E.).— Border  broad, 
but  of  less  diameter  than  the  centre ; 
cellules  of  border  large,  close ;  those  of 
centre  minute  or  pimcta-lUfe,  and  scat- 
tered, (v.  80.)  EM.  pi.  35.  16.  f.  8.= 
Pyxidicula  Coscinodiscus,  EB.  1844 ;  Cos- 
cinodiscus Pyxidicidu,  KSA.  p.  12G;  Br 
JMS.  viii.  p.  95,  pi.  5.  f.4.  Fossil.  United 
States. 

C.  microdiscus  (E.).  —  Border  very 
broad,  its  diameter  greater  than  that  of 
the  centre;  celkdes  of  border  large,  close; 
those  of  centi-e  minute,  scattered.  E.  I.  c. 
pi.  33.  17.  f.  4.  Fossil.   United  States. 

Gemis  ODONTODISCUS  (Ehr.).-Fmstules  simple  ^^^^^^^^  ^ 
out  nodule  or  septa,  but  with  dotted  rays  and  erect  teeth.  O^^io^^. 
Sers  from  CoscLdiscns  and  Actinocyckis  by  having  its  disc  f iirnished  mt h 
teetii!  of  which  the  others  are  destitute.    The  dots  are  radiate,  not  pai-aUel, 
as  in  Systephania. 


Kesenibles  C.  Coscinodiscus,  from  whicli 
it  dillers  in  its  proportionally  smaller 
centre. 

Doubtful  Species. 

C?  Stella,  EM.  pi.  35 1).  n.  4.  f.  11. 

Ehrenborg's  figiu-e  represents  a  smooth 
disc  with  a  Melosira-lilfe  umbilicus,  from 
which  radiate  irregularly  placed  lines. 

C.  ?  FranJcHm,  EM.  pi.  35  a.  23.  f.  0. 
=  Hyulodiscus  suhiilis. 

G'.  maniinatus  (Bri.).— Disc  with  hya- 
line margin,  ha-vmg  about  20  rays ;  re- 
mainder of  the  valve  minutely  punctate. 
Diam.  •0037".  Barbadoes  deposit,  lir 
JMS.  viii.  p.  95,  pi.  5.  f.  7. 

C.  semiplanus  (Bri.).  —  Margm  very 
broad,  faintly  radiate  and  pimctate.  Onu 
half  of  central  part  of  the  valve  sniootb, 
the  remainder  with  4  or  5  radii.  Diani. 
•0024"  to  -0035".  Barbadoes  deposit. 
Br.  I.  c.  p.  95,  pi.  5.  f.  12. 

C.  coronatus  (Bri.).— Only  fragments 
of  this  fonn  have  hitherto  been  found, 
and  consequently  no  satisfactory  specific 
character  can  be  given.  Br.  I.  c.  p.  95.  f.  6. 


Odontodiscus  Spica  (E.).  —  Teeth 
submarginal,  numerous  (48);  gi-amdes 
in  radiating  series.  KA.  p.  129.  Fossil. 
Virginia.    Gramdes  19  in  1-1152". 

0.  Uranus  (E.).— Disc  with  numerous 
(32)  radiating  series  of  gi-anides  and 
marginal  teeth.  KSA.  p.  129.  Fossil.  Vir- 
ginia. 0.  ITramts  has  marginal  teeth  and 
fewer  radiating  series  of  gi-anules  than 
O.  Spica ;  but  we  doubt  whether  they  be 
really  distinct  species. 

0.  eccentricus  (E.).  —  Disc  with  its 
gramdes  an'anged  in  eccentric,  curved, 
indistinctly  radiating  rows;  teeth  nu- 

Genus  SYSTEPHANIA  (Ehi-.).  —  ^.^-^-^"^•r  "---J-^'.^^  or  an  erect 

and  appear  not  tmlilcc  the  peristome  of  a  moss 

Systephania  acnleata  (E.).  —  Disc 
loosely  cellidose ;  cellides  distinct,  spines 
Sect,  not  crowded,  few  (12  to  15),  placed 

on  the  disc  near  the  "iFSi""  >•  "^{^^ 
Bemuda.  CelUdes  8  m  1-1152 lham. 
1-324"     This  species  is  distmguislied 


merous,mai-ginal.  (v.  90.)  EM.  pi  35  a. 
18  f  11.=  Coscinodiscus  eccentricus,  bU. 
i.  p.  23,  pi.  3.  f.  38.  ?  FossU.  Guano,  &c 
Granules  about  20  in  1-1152".  D.  1-864 '. 
This  species  diflers  from  Coscinodiscus 
only  in  having  teeth,  and  may  be  merely 
that  state  of  the  latter  which  is  described 
and  figiu'ed  by  Professor  Smith  as  spmous. 
We,  however,  have  generaUy  failed  to 
detect  the  spines  in  the  Coscinodiscus 
eccentricus,  although  they  ai-e  obA-ioiis 
enouo-h  in  the  Odoutodiscus,  which  is 
usuafly  much  smaller.  On  these  accounts 
we  cannot  decide  that  they  are  identical. 

Frustnlcs  orbicular;  disc  cellulose, 


by  its  fewer  spines  and  more  conspicuous 

cellides.    ,  , 

S.  Corona  (E.).-Disc  densely  cellu- 
lose; spines  erect,  nimicrous  (40  to  &U), 
closolv  set,  placed  on  the  margm.  iMU. 
pi  33  15  f.  22.     Bemuda,  \irgmia. 


OF  TniJ  COSCINODISCE^E. 


833 


OeUules  12  in  1-1152".  Diam.  1-348". 
The  spines  are  far  more  numerous  and  the 
ceUules  less  distinct  than  in  ^S.  amleata. 

S.  Diaclema  (E.). — Disc  densely  cellu- 
lose ;  spines  nvunerous,  marginal,  in- 
cui'ved,  conjoined  at  their  exti-emities 


by  a  membrane.  EM.  pi.  33.  18.  f.  11, 
Bermuda.  Cellules  14  in  1-1152".  Diam. 
1-864".  Much  smaller  than  the  two 
preceding  species.  All  have  a  variable 
nimiber  of  teeth.  > 


Genus  STMBOLOPHORA  (Ehi-.).  —  Frustules  orbicular,  not  concatenate ; 
disc  with  striae  or  dotted  lines,  radiating  from  a  solid  angular  centre.  Sym- 
bolophoi'a  dififers  from  Actinocyclus  ia  having  an  angular  or  stellate  hyaline 
centre. 

Ehrenberg  has  placed  in  this  genus  forms  which  agree  only  in  their  hyaline 
angular-  umbilicus ;  and  the  species  with  radiating  series  of  dots  scarcely 
differ  from  Coscinodiscus. 


Symbolophora  Trinitatis  (E.). — Disc 
having  a  triangular  crystalline  umbilicus 
with  a  crenated  margin,  from  which 
radiate  six  fascicles  of  very  fine  lines 
diverging  towai'ds  the  margin.  EB. 
1844,  p.  88.  (XI.  36.)  Fossil.  Maiyland. 
We  believe  no  one  except  Ehrenberg 
has  obsei-ved  this  species,  for  which  the 
genus  was  constituted ;  and  it  has  been 
suggested  that  his  figm-e  may  represent 
what  he  erroneously  supposed  to  be  the 
original  form  (as  shown  by  a  fragment) 
of  D-iceratmm  Marylanclica ;  but  in  this 
opinion  we  cannot  concm',  because  in 
several  instances  where  Ehrenberg  has 
founded  species  on  mere  fragments  he 
has  figured  the  fragments  as  he  observed 


I  them,  without  attempting  a  restoration 
of  their  supposed  entire  figure. 

S.  acutangula  (E.).  —  Resembles  the 
preceding  in  size  and  habit,  but  has  the 
angles  of  its  umbilicus  acute.  EB.  1845, 
p.  81.    Fossil.  Virgiuia. 

S.  ?  Microtrias  (E.).  —  Disc  tui'gid, 
with  a  stellate  umbilicus,  from  which 
radiate  series  of  pimcta.  Antarctic  Ocean. 
Umbilicus  tiiradiate  =  S.  Microtrias,  E. 
I.  c.  1844,  p.  205  ;  EM.  pi.  35  a.  21.  f.  16. 
Umbilicus  cruciate  or  foiu-rayed  =  S. 
Tetras,  E.  I.  c.  Umbilicus  five-rayed = (SI 
Pentas,  EM.  pi.  35  a.  22.  £  19.  UmbiUcus 
six-rayed  =  S.  Sexas,  E.  I.  c.  This  species 
differs  fi'om  a  Coscinodiscus  only  in  the 
presence  of  the  stellate  umbilicus. 


Genus  HETEEOSTEPHAN'IA  (Ehr.).— Characters  unlmown  to  us. 

Hetebostephania  Rothii,  EM.  pi.  8  or  10  marginal  teeth  or  minute  pro- 
35  A.  13  B.  f.  4,  5.  (v.  85.)  Elbe.  Disc  cesses,  and  no  lunbUicus.  Front  view 
with  radiating  series  of  minute  puncta,    with  minute,  erect,  mai-ginal  teeth. 

Genus  HALIONTX  (Ehr.).— Frustules  orbicular,  not  concatenate;  disc 
rayed ;  number  of  rays  definite,  not  starting  from  the  umbilicus  ;  no  internal 
septa.  It  resembles  Actinocyclus,  except  in  its  umbilicus  not  being  radiate  ; 
or,  in  other  words,  its  central  ocellus  is  wanting.  In  Like  manner  Coscino- 
discus differs  from  Symbolophora  in  its  non-radiate  umbilicus,  which  is  a 
simple  void  space. 


_  PLvLiONVTc  senarius  (E.). — Smface  of 
disc  with  six  rays;  each  compartment 
is  marked  by  parallel  lines,  which  de- 
crease by  equal  gradations  on  either  side 
of  a  radiating  median  line  ;  loosely  and 
widely  cellulose  ;  umbilicus  entire,  punc- 
tated. KA.  p.  130.  Antarctic  Ocean. 
Diam.  1-720".  Approaches  Actinoptychus 
undulatm. 


H.  undenarim  (E.).— Disc  with  eleven 
or  twelve  rays ;  mubilicus  large,  punc- 
tated, not  radiant,  (v.  82.)  EM.  pi  35  a. 
21.  f.  12.  =  IT.  duodenarixs,  E.  olim.  Ant- 
arctic Ocean.  Diam.  1-576".  Elirenberg's 
figure  shows  the  disc  with  a  granulated 
centre,  from  which  proceed  radiating 
series  of  puncta  and  eleven  darker  or 
shade-like  rays. 


Genus  ACTINOCYCLUS  (Ehi-.)._Frastules  simple,  disciform;  disc  mi- 
iteiy  and  densely  punctated  or  ceUulose,  generally  divided  by  radiating  single 
double  dotted  Imes,  and  having  a  smaU  circiUar  hyaUne  iutramarginal 
eudo-nodule.    We  consider  Actinocyclus,  as  limited  by  Ehi-enberg,  a  well- 
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marked  genus.  Its  confusion  has  arisen  from  Professor  Kiitzing's  retention 
in  it  of  some  species  of  Actinoiitychus,  and  the  application  of  its  name 
by  Professor  Smith  to  the  latter  genus.  The  disc  is  not  undulated;  and 
the  rays,  which  are  often  very  indistiact,  are  dotted  or  interrupted,  not 
continuous  liaes.  Erom  the  miaute  size  and  close  aiTangement  of  the  puncta, 
the  frustules,  when  mounted  in  Canada  baLsam,  never  appear  hyahne,  but  of 
a  brownish  or,  more  frequently,  of  a  beautiful  purpHsh  colour.  The  disc  is 
furnished  with  an  intramarginal  pseudo-nodule,  which  simulates  an  orifice. 
Ehrenbergin  this,  as  in  other  genera  of  Diatomacese,  distinguished  his  species 
solely  by  the  number  of  their  rays ;  but  we  cannot  retain  them,  as  we  con- 
sider species  founded  on  such  characters  altogether  unscientific  and  erroneous. 
In  general,  names  once  bestowed  ought  to  be  retained,  even  when  somewhat 
inappropriate  or  defective,  because  less  injury  is  done  by  their  retention  than 
by  burdening  the  science  with  synonyms ;  still  we  beheve  it  far  better  to 
bestow  a  new  name  when,  as  in  this  genus,  numerous  species  are  reduced  to 
one  to  which  the  original  names  would  be  inapplicable. 

AcTDfOCYCiiTS  moniUformis(xi.  sp.). — 
Disc  divided  into  compartments  by  three 
or  more  rays,  formed  of  single  series  of 
dots,  in  a  monilifoi-m  arrangement.  = 
<erwanMs,EM.pl.22.f.9.  Fossil.  Europe, 
Africa,  and  America.  This  species  in- 
cludes most  of  Ehrenberg's  figiu-es  of 


Actinocycli  from  the  deposits  of  Greece, 
Oran,  SicUy,  and  Virginia  (pis.  18, 19,  21 
&  22).  We  have  seen  no  specimens ;  but 
in  Ehrenberg's  figvu-es  the  suigle  monili- 
form  rays  difier  so  greatly  from  what  we 
find  in  the  following  species  that  we 
must  consider  them  distinct,  although 
Ehrenberg,  in  consequence  of  his  regard- 
ing the  number  of  the  rays  as  the  essen- 
tial character,  has  mixed  up  its  forms 
with  those  of  the  following  species  under 
the  same  names. 

A.  Ehrenhercjii  (n.  sp.).  —  Bisc  gene- 
rally iridescent,  closely  prmctated,  so  as 
under  a  low  power  to  appear  waved, 
divided   by  regular   equidistant  rays 
formed  of  iateiTupted  double  lines,  which 
termbiate  at  the  margin  in  minvite  teeth. 
Common,  both  recent  and  fossLl._  Very 
fine  in  Ichaboe  guano.  Under  this  name 
we  include  aU  Ehrenberg's  species  with 
rays  composed  of  double  lines.   The  rim 
is  naiTOW,  but  generally  distinct ;  pseudo- 
nodide  minute.    In  fluid,  A.  Ehrenhergii 
is  coloiuless ;  but  when  mounted  in  bal- 
sam it,  hlie  the  next  species,  varies  with 
difte'rent  shades  of  brown,  green,  blue, 
purple,  and  red.    The  rays  are  fomied 
bv  lines  composed  of  hnear  or  subidate 
hvaline  spaces,  which,  more  frequently 
than  in  A.  Ralfsii,  are  in  pan-s,  though 
sometimes  alternate  ;  they  are  often  m- 
distinct,  especially  in  smaUer  specimens. 
This  species  is  best  recognized  by  the 
waved  appearance  of  its  pimcta. 

We  subjoin  a  list  of  forms  included  m 


A.  Ehrenhergii,  but  by  Ehrenberg  re- 
garded as  distinct  species.  Most  of  them 
may  be  obtained  from  Ichaboe  guano. 
We  imite  them  all  in  this  species: — 
A.  ternariiis,  3  rays ;  A.  quaternarim,  4 ; 
A.  quinarius,  5;  A.  biternarim,  6;  A. 
septenarius,  7 ;  A.  octonarius,  8 ;  A.  no- 
nariiis,  9 ;  A.  denarius,  10 ;  A.  undena- 


rius,  11 ;  A.  hisenarius,  12 ;  A.  tredena- 
rius,  13;  A.  hiseptenarius,  14;  A.  quin- 
denarius,  15 ;   A.  hioctonarins,  16 ;  A. 
septemdenarius,  17  ;  A.  hinonariiis,  18 ; 
A.  novemdenarius,  19 ;  A.  vicenariiis,  20  ; 
A.  Luna,  21 :  A.  Ceres,  22 ;  A.  Jimo,  23  -, 
A.  Jupiter,  24 ;  A.  Mars,  25 ;  A.  Mer- 
curius,  26 ;  A.  Pallas,  27 ;  A.  Saturms, 
28;  A.  Terra,  29;  A.  Venus,  30;  A. 
Vesta,  31 ;  A.  Uranm,  32 ;  A.  Achar- 
neus,  33 ;  A.  Aldebaran,  34 ;  A.  Antares, 
35  ;  A.  Aquila,  36 ;  A.  Ardtirns,  37  ;  A. 
Bet-el-qose,  38  ;  A.  Canopus,  39 ;  A.  Ca- 
pella,40;  A.  Fom-cl-hot,  41;  A.Lyra, 
42 ;  A.  Procyon,  43 ;  A.  Regulus,  44 ;  A. 
Eigl,  45  ;  A.  Sirius,  46  ;  A.  Sol,  47  ;  A. 
A.  Spica,  48;  A.  Stella  polaris,  49;  A. 
Ninus,  50 ;  A.  Alexander,  51 ;  A.  Ptole- 
mcBus,  52;  A.  Davides,  53;  A.  Numa, 
54  ;  A.  Croesus,  55  ;  A.  Dux,  56 ;  A.  Rex, 
57 ;  A.  Lnperator,  58 ;  A.  Plutus,  59  ; 
A.  Proserpina,  60 ;  A.  abundans,  61 ;  A. 
luxuriosus,  Q2  ;  A.  prodigus,  OS ;  A.  for- 
tunatus,  64 ;  A.  locuples,  65 ;  A.  ojriparus, 
66 ;  A.  pretiosus,  67 ;  A.  polyactts,  68 ; 
A.  magnificxis,  69 ;  A.  Zoroaster,  70 :  A. 
Solon,' 71;  A.  Clwbulus,  72;  A.  Chlo, 
73;  A.  Pittacus,  74:  A.  TJiales,  /  5;  A. 
Lias,  76  ;  A.  Periandcr,  77 ;  A.  Socrates, 
78;  A.  Salomon,  79;  A.  Homerus,  80; 
A.  Hesiodus,  81;  A.  Tyrteeus,  82;  A. 
Anacreon,  83;  A.  Sappho,  84;  A.  Pm- 
darm,  85  ;  A.  yEschylus,  86 ;  A.  Sophocles, 
87 ;  A.  Euripides,  88  :  A.  Virgihus,  89 ; 
A.  Horotius,  90 ;  A.  Tuhckaiu,  91 ;  A. 
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Dcedalm,  92;  A.  Callimachm,  93;  A. 
Phidias,  94 ;  A.  Praxiteles,  95 ;  A.  Ptjr- 
goteles,  96  ;  A.  Apellcs,  97 ;  A.  Zeiixis, 
98;  A.  Orpheus,  99;  A.  Apollo,  100; 
A.  Adamas,  101 ;  ^.  Achates,  102 ;  ^. 
Amethystm,  103  ;  ^.  Astrolites,  104 ; 
^.  Beryllus,  105 ;  -4.  Carbunculus,  106 ; 
^.  Chrysolithus,  107;  ^.  JSyacinthus, 
108 ;  ^.  laspis,  109 ;  ^.  lasponyx,  110  ; 
^.  Leucochrysus,  111 ;  ^.  Omphus,  112  ; 
^.  O/jyj;,  lis ;  ^.  Opalus,  114 ;  ^.  iSa- 
phirus,  115;  ^.  Sarda,  116;  ^.  Sardonyx, 
117;  ^.  Stnaragdus,  118;  ^.  Topazius, 
119;  ^.  Panheiios,  120. 

A.  Ralfsii  (Sm.).  —  Disc  iridescent, 
with  close  radiating  series  of  punctiform 
gi-anules,  interrupted  by  numerous  subu- 
late hyaline  spaces,  which  are  crowded 
in  the  centre  and  more  distant  near  the 
margin,  where  they  foi-m  irregular  rays  of 
double  broken  lines ;  marginal  teeth  and 
pseudo-nodule  as  in  A.  Ehrenhergii.  = 
EupodiscusRalfsii,  SBD.  ii.  p.  86.  British 
coast,  (v.  84.)  i3.  sparsus  (Greg,  in  lit.), 
granules  in  loose  series,  without  angular 
blanks,  the  principal  rays  alone  reaching 
the  umbilicus,  =Eupodiseus  sparsus,  Greg 
TMS.  V.  p.  81,  pi.  1.  f.  47  Scotland. 
"  The  lines  of  cellules  diminish  in  num- 
ber at  distinct  intervals  from  the  margin 
towards  the  centre  of  the  valve,  giving 
a  zoned  appearance  when  seen  imder  a 
low  power  "  (SBD.).  A.  Ralfsii  differs 
fi'om  A.  Ehrenhergii  in  the  radiated  ar- 
rangement of  its  granules,  the  far  gi-eater 
nvmiber  of  hyaline  spaces,  and  the  more 
irregular  distribution  of  the  rays,  in 
which  also  the  blank  spaces  in  the  asso- 
ciated lines  are  usually  alternate.  The 
following  remarks  on  the  var.  sparsus 
are  condensed  from  Professor  Gregory's 
papers  :  —  Principal  rays  equidistant, 
formed  of  large  dots  not  closely  set ; 
between  the  principal  rays,  the  inner 
ends  of  which  leave  a  small  central  um- 
bilicus, occur  shorter  series  parallel  to 
each  other,  the  middle  one  longest,  the 
others  progressively  decreasing  in  length 
on  each  side,  and  the  shortest  adjacent 
to  the  piincipal  rays,  which  they  approach 
at  an  angle.  Professor  Gregory  finds  the 
same  arrangement  in  A.  Ralfsii;  but  in 
that  form  the  dots  are  large  and  very 
close.  In  A.  Ralfsii  the  colour  varies 
with  different  shades  of  purple,  blue, 
green,  and  yellow,  and  sometimes  brown 
or  biifF.  At  Professor  Gregory's  sug- 
gestion, we  reduce  A.  sparsus  to  the  rank 
of  a  variety,  as  he  finds  the  species  to 
vary  much  m  the  size  of  the  granules,  in 
their  closeness,  and  in  colour. 

A.  fukm  (Sm.).— "  Cellular  structure 


indistinct,  radiate;  colour  of  dry  valve 
tawny."  =  Eupodiscus  fulous,  SBD.  i. 
p.  24,  pi.  4.  f.  40.  Britain.  Rays  obscure. 
We  doubt  whether  this  species  be  distinct 
fi'om  A.  Ehrenbergii,  many  specimens  of 
which  have  very  indistinct  rays, 

A.  crassus  (Sm.).  —  Disc  somewhat 
opaque,  purplish  when  dry ;  granules  in 
radiating  series ;  pseudo-nodule  as  in  A, 
Ralfsii;  margin  smooth.  =  Eupodiscus 
crassus,  SBD.  i.  p.  24,  pi.  4.  f.  41.  Britain. 
Mr.  T.  West  believes  this  species  to  be 
an  immature  state  of  A.  Ralfsii. 

Doubtful  Species, 

A.  Panheiios  (B.). — Very  large;  disc 
with  120  very  fine  rays.  KSA.  p.  128. 
Cuxhaven.    iDiam.  1-180". 

*  Disc  generally  coloured,  furnished  with 
radiating  series  ofpuncta. 

A.  interpunctatus  (Bri.).  —  Disc  with 
an  indefinite  number  of  double  rays 
running  from  the  centre  to  near  the  cir- 
cumference ;  the  rays  composed  of  short, 
broken  lines;  the  spaces  between  the 
rays  are  minutely  punctate.  California, 
New  Zealand,  West  Indies.  =  Actino- 
ptychus  intejpunctatus,  Bri  JMS.  viii. 
p.  94,  pi.  6.  f.  17. 

A.  subtilis  (Greg.). — Disc  very  hyaline, 
with  numerous  very  fine  inconspicuous 
radiating  dotted  lines,  a  circular  punc- 
tated umbilicus,  and  rather  distant  mar- 
ginal te&^h.  =  Eupodiscus  subtilis,  GDC. 
p.  29,  pi.  3.  f.  50.  Forming  brown  patches 
on  sides  of  rocks.  Ilfracombe,  Plymouth, 
This  species  is  easily  distinguished  by 
its  hyaline  appeai'ance  in  balsam.  The 
pseudo-nodule  is  minute,  radiating  lines 
indistinct,  and  the  umbilicus  is  fiu'nished. 
with  scattered  dots  surroimded  by  a 
dotted  cii'cle.  Fi'ustules  sometimes  con- 
tained in  an  indefinite  mucous  stratum. 

2  *  Disk  with  hexagonal  cellules,  which 
are  not  in  radiating  lines. 

_  A.  tessellatus  (Ro.).  —  Cellules  of  disc 
distinct,  hexagonal,  with  a  minute  no- 
dule at  each  angle,  not  radiant.  =  Eupo-, 
discus  tessellatus,  Ro  JMS.  vi.  p.  19,  pi.  3. 
f.  I.  Pembrokeshire,  Hull,  Norfolk. 
Guano.  This  species  is  placed  in  Acti- 
nocyclus  because  of  its  solitary  intramar- 
ginal  pseudo-nodule ;  but  in  its  structiu'e 
it  differs  so  much  from  the  other  species 
of  that  genus,  that  it  might  be  separated 
from  it.  The  reticulated  disc  and  ab- 
sence of  rays  distinguish  it.  In  balsam 
it  is  nearly  coloiuiess. 

3  H  2 


836 


SYSTEMATIC  HISTORY  OP  THE  INFUSOUIA. 


Genus  ASTEROLAMPRA  (Ehr.).— Frustules  simple,  disciform ;  disc  orbi- 
cular, with  marginal  areolated  or  punctated  compartments,  separated  by 
smootb  rays  wbicb  proceed  from  a  hyaline  central  area ;  central  area  divided 
by  lines,  which  radiate  from  the  umbilicus  to  the  apex  of  each  compartment ; 
compartments  and  rays  symmetrical.    Marine.    The  disc  in  this  beautiful 
genus  is  generally  colourless,  and  when  mounted  in  balsam  is  far  from  con- 
spicuous, notwithstanding  its  comparatively  large  size.    The  marginal  com- 
partments are  usually  conical,  and  from  the  apex  of  each  a  line  or  rib  proceeds 
to  the  umbilicus.  The  hyaline  central  area  seems  to  originate  from  the  dilated 
inner  ends  of  the  rays,  and  its  lines  to  be  produced  by  their  junction.  Aste- 
rolampra  is  distinguished  from  Asteromphalus  by  the  compartments  being 
similar  and  equidistant ;  on  which  account  the  rays  are  equal,  the  lines  aU 
radiant,  and  the  umbilicus  central. 


*  Umbilical  lines  straight 

AsTEEOLAMPBA  Marijlcindica  (E.).  — 
Umbilical  lines  simple,  straight;  areo- 
lated compartments  conical  or  semicir- 
cular. EB.  1844,  p.  76,  f.  10 ;  Wallich, 
TM.  viii.  p.  47,  pi.  2.  f.  13,  14;  GrevTM. 
viii.  p.  108,  pi.  3.  f.  1-4.  =  A.  septenana, 
Johns.  Sill.  Journ.  2nd  ser.  xiii.  p.  33 ; 
A.  impar,  Sh  TM.  ii.  pL  1.  f.  14 ;  A.  pe- 
lagica,  EB.  1854,  p.  288.  Fossil,  Vir- 
ginia :  Monterey  stone,  guano.  Recent, 
India,  &c.  (XI.  33.)  Rays  6  to  14.  The 
disc  varies  greatly,  not  only  m  the  num- 
ber of  rays,  but  in  the  elongated  or  de- 
pressed form  of  the  compartments,  pro- 
ducing a  corresponding  variation  in  the 
size  of  the  central  area. 

A.  Rotula  (Grev.).  —  Resembles  A. 
Martjlandica,  but  the  areolated  compart- 
ments have  subtruncate  apices ;  umbili- 
cal lines  sti-aight.  GrevTM.  viii.  p.  Ill, 
pi.  8.  £5.  Monterey  stone.  Umbilical 
fines  simple  or  dividing  in  a  forked  man- 
ner, close  to  the  central  point. 

A.  variabilis  (Grev.).— Compartments 

Genus  ASTEROMPHALUS  (Ehr.).— Erustules  simple,  disciform  ;  disc  as  in 
Asterolampra,  but  ^^dth  two  of  the  punctated  compartments  approximate,  and 
the  interposed  ray  narrower  than  the  others.  Marine.  Aster^phalus  differs 
from  Asterolampra  in  having  two  compartments  closer  together,  i he  lines 
connecting  these  with  the  umbilicus  do  not  radiate  hke  the  rest;  and  the 
enclosed  hyaline  ray  consequently  differs  in  form  from  the  others,  and  is 
termed  the  median  or  basal  ray. 


with  cvmeate  apices ;  umbilical  lines 
straight,  mostly  united  in  twos  or  threes 
near  the  central  point.  Grev  TM.  viii. 
p.  Ill,  pi.  3.  f.  6-8.  Monterey  stone. 
Rays  6  to  11. 

A.  Grevillii  (Wallich,  Grev.).  —  Com- 
partments conical,  with  truncated  apices ; 
umbilical  lines  straight,  variously  united. 
=.  Asterompilialus  Grevillii,Wa\l  TM.  viii. 
p.  47,  pi.  2.  f.  15 ;  Asterolampra  Grevillii, 
Grev  TM.  viii.  p.  113,  pi.  4.  f.  21.  FossU, 
Virginia  and  Monterey  stone ;  recent, 
Indian  Ocean.  This  species  approaches 
Asteromphalus  in  the  appearance  of  the 
central  area,  but  its  marginal  compart- 
ments and  alternating  rays  are  symme- 
trical.   Rays  numerous,  13  to  17. 

2  *  Umbilical  lines  angularly  bent. 
A.  Brebissoniana  (Grev.).— Areolated 
compai-tments  tiiuicated;  umbiUcal  lines 
with  an  angular  bend  in  the  middle. 
Grev  TM.  viii.  p.  114,  pi.  3.  f.  9.  Mon- 
terey stone.  Umbihcal  lines  simple  or 
united,  close  to  the  central  point. 


*  Umbilical  lines  radiating  from  a  central 
point,  two  of  them  approximated.  As- 
teromphalus. 

t  Umbilical  lines  straight  or  curved. 

AsTBBOMPHALUS   Hookerii  .(E-).— 
Pimctated   compartments,    conical  or 
rounded  at  the  apex;  lunbilical  hnes 
straight,  the  median  ones  V^ff 
1844,  p.  200 ;  EM.  pi.  35  a.  21.  £  2.  =A. 


Buchn,  EB.  1844,  p.  200 ;  A.  HumbMtn, 
E.  I.  c.  p.  200 ;  EM  pi.  35  a.  21.  f.  3 ;  .4. 
Cuviern,  EB.  1844,  p.  200 ;  EM.  pi.  35  a. 
21.  f.  1.  Antai-ctic  Ocean,  (x.  34.)  Kays 
6  to  9.  "We  consider  that  foi-ms  differing 
only  in  the  munber  of  their  rays  are  not 
reallv  distinct,  and  have  consequently 
united  Ehrenberg's  species  quoted  above. 

A.  Dallasianns  (Grev.).  —  Areolated 
compartments,  with  truncate  apices ;  me- 
dian lines  campanulate.  =  Asierolompra 
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Dallasiana,  Grev  TM.  viii.  p.  115,  pi.  4. 
f.  10.    Bermuda,  Tripoli. 

A.  WalUchianus  TGrev.).  —  Aveolated 
compartments,  witn  trmicate  apices ; 
umbilical  lines  straight.  =  Asterolampra 
WallichiMia,  Grev  TM.  viii.  p.  115,  pi.  4. 
f.  11.  Bermuda,  Tripoli.  "  The  umbilical 
portion  of  each  ray  is  so  wide  next  the 
ai'eolated  segments,  tliat  it  may  be  com- 
pared to  a  short-bladed  ti-owel,  while 
the  linear  part  represents  the  handle  " 
(Grev.).  According  to  Dr.  GreviUe's 
hgure,  this  species  differs  from  Astero- 
lampra only  by  its  median  ray  being 
naiTower  than  the  I'est. 

2 1  Umbilical  lines  with  an  angular 
bend. 

A.  Bemmiontii  (E.).  —  Compartments 
with  rounded  apices ;  lunbiHcal  lines 
with  an  angidar  bend ;  median  ones 
straight,  parallel.  EB.  1844,  p.  200,  I  5 ; 
Grev  TM.  viii.  p.  115.    Antarctic  Ocean. 

_A.  Dancinii  (E.).  —  Compartments 
with  rounded  or  subtruncate  apices ; 
umbilicai  lines  with  an  angidar  bend; 
median  ones  bent  or  cm'ved.  ERBA. 
1844,  p.  200,  f  1.-=  Asterolampra  Bar- 
winii,  Grev  TM.  viii.  p.  116,  pi.  4.  £  12, 
13  ;  AsteromphalusRossit,  ERBA.  p.200' 
f.  2;  EM.  pi.  35  A.  21.  f  4.  Antarctic 
Ocean,  Monterey  stone,   (v.  86.) 

2*  Disc  siibctrcular,  rays  unequal;  mn- 
hilical  lines  radiating  from  the  top  and 
sides  of  the  median  ones,  which  latter 
puss  beyond  and  enclose  the  central 
point.  Spatangidium. 

t  Umbilical  lines  not  bent. 

A.,  flabellatm  (Breb.,  Grev.).  — Punc- 
tated compartments,  conic  ;  umbilical 
lines  straight  or  slightly  curved,  radi- 
ating from  apex  and  sides  of  the  median 
ones.  Grev  M J.  vii.  p.  160,  pi.  7.  i.  4, 5.  = 
Spatangidium Jlahellatum,  Breb.  Bull.  Soc. 
Linn,  de  Normand.  iii.  pi.  3.  £  3  ;  Aste- 
rolampraJlabellatu,  GrevTM.  viii.  p.  116 ; 
Spatangidium  peltatum,  Breb.  I.  c.  pi.  3. 
f.  4.  Peruvian  and  Californian  guanos. 
Rays  10  or  11 ;  median  one  clavate ; 
areolation  of  compartments  very  minute. 

A.  Hiltonianus  (Grev.).  —  Punctated 
compartments  naiTowly  conic ;  imibilical 
lines  radiating  from  apex  and  sides  of 
median  lines,  the  two  lower  pair  sud- 
denly A&ilii\&i!i.=  Asterolampra  Jliltoni- 
ana,  GrevTM.  viii.  p.  117,  pi.  4.  £ 
Algoa  Bay  guano,  Indian  Ocean.  Rays 
10  to  10,  slender;  umbilical  lines  simple 
or  forked ;  areolation  very  minute.    It  is 


a  very  transparent  species,  and  easily 
overlooked,  Grev. 

A.  Arachne  (Br^b.).  —  Disc  broadly 
ovate ;  h^'aline  area  small  and  excentri- 
cal;  areolated  compartments,  very  vm- 
equal;  umbUical  lines  straight,  short; 
dilated  head  of  median  ray  truncate.  = 
Spatangidium  Arachne,  Breb.  Bull.  Soc. 
Linn,  de  Normand.  iii.  pi.  3.  £  1 ;  Aste- 
rolampra Arachne,  Grev  TM.  viii.  p.  123 ; 
Asteromphalus  malleus,  Wall  TM.  viii. 
p.  47,  pi.  2.  £  11 ;  Excentron  cancroides, 
Ralfs  in  lit.  (v.  66.)  Peruvian  guano, 
Indian  Ocean.  Distinguished  by  its  mal- 
leiform  median  ray.  Compartments  with 
large  areolation ;  umbilical  lines  less  con- 
spicuous than  in  the  other  species.  Rays 
usually  5,  sometimes  7 ;  median  and 
adjacent  ones  straight,  the  anterior  pau- 
ciu-ved.  When  there  are  only  five  rays, 
this  species  differs  greatly  in  appearance 
fi'om  the  rest  by  having  the  anterior 
rnargin  of  the  head  of  the  median  ray  in 
direct  contact  with  the  anterior  com- 
partment; but  when  the  rays  ai-e  7  in 
number,  the  hyaline  dilated  portions  of 
the  anterior  pair  interpose  between  these 
parts,  as  in  the  other  species. 

2 1  Umbilical  lines  with  an  ang-ular 
bend. 

A.  elegans  (Grev.).  —  Pimctated  com- 
partments, conic,  more  than  half  the 
radius ;  umbilical  lines  with  an  angulai- 
bend,  radiating  from  apex  and  sides  of 
the  median  ones,  usually  simple,  but 
sometimes  two  or  three  united.  Grev 
MJ.  vii.  p.  7,  pi.  7.  £  Q.=:  Asterolampra 
elegans,  MJ.  viii.  p.  118,  pi.  4.  £  16.  Ca- 
lifornian guano,  Indian  Ocean,  (v.  87.) 
Areolation  extremely  minute ;  rays  13  to 
29,  gracefully  slender. 

A.  imbricatus  (Wall.).  —  Areolated 
compartments,  conic,  less  than  half  the 
radius;  rays  numerous,  robust;  angular 
bends  of  umbilical  lines  forming  unitedly 
an  oblong-elliptical  figm-e.  Wall  TM 
yui.  p.  46,  pi.  2.  £  2.=^ Asterolampra  im- 
bricata,  Grev  MJ.  viii.  p.  119,  pi.  4.  £  17. 
Indian  Ocean,  Natal.  Areolation  con- 
siderably larger  than  in  A.  elegans,  its 
nearest  ally,  Grev. 

A.  Broohei  (Bail.).— Disc  almost  cir- 
cidar ;  areolation  conspicuous  ;  compart- 
ments truncated;  angidar  bend  of  um- 
bilical lines  near  the  outer  end  ;  umbilical 
portion  of  median  ray  constricted  be- 
neath the  rounded  inner  end,  then  dilated. 
Bail.  Sill.  Journ.  2  .ser.  xxii.  p.  2,  j)!.  1,  £ \. 
=  Asterolampra  Brookei,  Grev  M,T.  viii, 
p.  110,  pi.  4.  £  18..  Soundings,  Kamt- 
schaLka,  Atlantic,    (  v.  70.)    The  uinbi- 
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Heal  lines  radiate  from  the  upper  half 
of  the  median  ones,  and  are  sometimes 
divided.  The  angular  bend  is  nearer  the 
outer  end  than  in  any  other  species ;  and 
at  each  angle  is  a  minute  spine-like  pro- 
cess, Grev. 

A.  Roperianus  (Grev.). — Disc  circular, 
with  its  hyaline  area  centrical ;  areolated 
compartments,  truncate,  almost  equal ; 
umbilical  lines  radiant  from  rounded 
end  of  median  ones ;  median  lines  pass- 
ing round  the  central  point  in  a  semi- 
circle, then  contracted,  and  lastly  widely 
expanded.  =  Asterolampra  jRoperiana, 
GrevMJ.  viii.  p.  120,  pi.  4.  i.  14.  Indian 
Ocean.  Rays  7,  robust ;  areolation  rather 
large,  Grev. 

A.  Sliadboltianus  (Grev.). — Ai'eolated 
compartments,  truncate ;  umbilical  lines 
radiant  from  the  pyrifonn  median  ones, 
with  the  bend  about  the  middle ;  rays 
not  reaching  the  margin.  =^sto-o^am^ra 
Shadboltiana,  Grev  MJ.  viii.  p.  121,  pi.  4. 
f.  19.  Indian  Ocean.  "  Rays  7,  robust ; 
areolation  rather  large.  Its  nearest  ally 
is  perhaps  A.  Brookei,  fi-om  which  it  is 
separated  by  the  very  diiFerent  median 
lines  and  by  the  angulai-  bend  being 
more  in  their  middle"  (Grev.).  Dr. 
Greville  suspects  that  in  this  species,  as 
in  A.  Roperianiis,  A.  heptactis,  and  A. 
Arachne,  the  nimiber  of  rays  may  be 
more  constant  than  is  generally  the  case 
in  the  group. 

A.  heptactis  (Breb.). — Areolated  com- 
partments, truncate ;  rays  broad,  linear, 
terminating  in  a  lunate  marginal  fold, 
and  bordered  by  a  row  of  larger  areolae. 
=  Spatangidium  heptactis,  Br6b.  Bull.  Soc. 
Linn,  de  Normand.  iii.  p.  3.  f.  2 ;  Aste- 
rolampra heptactis,  Grev  TM.  viii.  p.  122 ; 
Spatangidium  Rolf  sianum,  TM.  vii.  p.  161, 
pi.  7.  f.  7,  8.  Peruvian  and  Californian 
guanos,  Atlantic  soundings.  Rays  7, 
straight  or  slightly  curved;  the  median 
one  m  a  broad  shallow  groove,  the  linear 
portion  faintly  prolonged  through  the 
dUated  portion  to  sp^u■s  from  the  bends 
of  the  adjacent  imibilical  lines.  Areo- 
lation of  compartments,  conspicuous ; 
disc  subcircular.    (vni.  21.) 

Doubtful  or  impm-fectly  described 
Species, 

A.  centraster  (Johnston). — Disc  orbi- 
cular ;  areolated  compartments  with 


roimded  apices  and  bordered  by  a  series 
of  larger  areola? ;  umbilical  lines  straight, 
radiating  from  top  and  sides  of  median 
ones ;  rays  tenninating  at  the  margin  in 
nodides.  Johnston,  MJ.  viii.  p.  12,  pi.  1. 
£  10.  Elide  guano,  (vm.  14.)  Kays 
11.  Dr.  Johnston's  figure  difiers  from 
every  known  species  by  having  the  rays 
continued,  as  Dr.  Greville  remarks,  like 
distinct  bars  or  the  ribs  of  an  imibrella, 
from  the  central  point  to  the  margin. 
We  believe,  however,  that  this  structure 
is  similar  to  what  is  met  with  in  several 
other  species  of  Asterolampra  and  As- 
teromphalus  (see  especially  GreviUe's 
figui'es  of  Asterolampra  variabilis,  A. 
Wallichiatia,  A.  Roperiana,  and  A.  hep- 
tactis), but  more  sta-ongly  marked,  and 
probably  exaggerated  in  the  figui-e. 

A.  stellatus  (Grev.).  =  Asterolampra 
stellata,  Grev  TM.  viii.  p.  124,  pi.  4.  t  20. 
Indian  Ocean.  It  is  allied  to  A.  Hilto- 
nianus  and  A.  Jlabellatus.  The  lowest 
pair  of  umbilical  lines  are  curved  down- 
wards, as  in  the  former  species.  The 
median  lines  are  parallel.  The  valve, 
at  a  iirst  glance,  is  most  conspicuous  for 
the  large  size  of  the  hyaline  ai-ea  and  the 
rapidly  attenuated  rays ;  but  this  may 
prove  to  be  a  worthless  distinction. 

A.  Sa7-cophagus  (Wall.). — Valve  ob- 
long, with  inflated  middle ;  median  ray 
plane  and  continuous  with  the  anterior 
ray ;  umbilical  lines  sti-aight ;  ai'eolation 
very  lai'ge.  WaUich,  TM.  viii.  p.  47,  pi.  2. 
f.  12.  =  Asterolampra  Sarcophagus,  Grev 
TM.  viii.  p.  124.  Indian  Ocean.  "  The 
broadest  portion  of  this  species  is  always 
towards  the  extremity  opposite  to  the 
median  ray,  thus  giving  the  valve  a  some- 
what pyriform  or  sarcophagus-Uke  shape'' 
(Wallich).  "  The  fonn  of  the  valve  is 
so  exti'eme  a  deviation  from  the  other- 
wise more  or  less  orbicidar  shape  of  the 
entire  series,  that  an  impression  almost 
forces  itself  upon  the  mind  that  it  is 
simplj"^  a  malformation.  It  is  most  nearly 
related  to  A.  Arachne ;  for  if  we  remove 
the  teiininal  ray  (which  in  many  species 
may  be  either  absent  or  present),  the  five 
remaining  rays  would  occupy  the  relative 
position  which  they  hold  in  that  species, 
as  well  as  in  the  same  dii-ection,  one  pair 
pointing  upwards,  the  other  pair  down- 
wards. In  both  species  the  ai'eolation  is 
large"  (Grev.). 


Genus  ASTEKODISCUS  (Johnson).  —  rrustules  simple,  disciform;  disc 
divided  into  punctated  compartments,  which  do  not  reach  the  centre,  by  hyaline 
smooth  rays ;  compai-tments  connected  to  the  umbilicus  bj-  an  equal  number 
of  radiating  lines,  two  united  half  way,  the  rest  distinct.    Fossil.  (Johnson, 
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in  SiUimtui's  Amev.  Journ.  1852.)  "  The  proximate  genera,  Asterolampra 
and  Asteromphalus,  ai'e  readily  distinguished.  In  the  fonuor,  all  the  connect- 
ing hnes  are  symmetrical;  in  the  latter,  two  are  parallel;"  whilst  m  this 
genus  one  hue  divides  half-way  from  the  centre  and  proceeds  to  two  of  the 
compartments,  the  smooth  ray  between  which  is  smaUor  than  the  others,  but 
not  parallel  as  in.  Asteromphalus. 


AsTERODiscus  JohnsouU.  —  Rays  and 
umbilical  divisions  from  five  to  nine. 
Bermuda  earth.  This  includes  the  fol- 
lowing species  of  Johnson  : — 

A.  quinarius. — Marginal  rays  and  imi- 
bilical  divisions  five. 

A.  senarius. — Marginal  rays  and  um- 
bilical divisions  six. 


A.  nonarius. — Marginal  rays  and  um- 
bilical divisions  nine. 

"  Front  view  bi-convex  ;  compart- 
ments elegantly  marked  with  minute 
dots,  an-anged  in  excentric  cuiwes" 
(Johnson). 


Genus  ACTINOPTYCHUS  (Ehr.).— Fnistules  disciform,  cellulose  ;  disc 
divided  mto  equal  triangular  compartments  by  lines  or  internal  septa  (E.). 
=  Actinocyclus,  Smith,  not  Ehr.  The  circular  disc  is  cellulose,  and  divided 
into  triangiilar  portions  by  lines  ("  internal  septa,"  E.)  radiating  from  its 
centre.  The  alternate  portions  are  usually  more  distinct,  owing  to  the  undu- 
lated form  of  the  frustules,  which  causes  them  alternately  to  be  nearer  to  or 
more  remote  from  the  eye.  The  apparent  septa  distinguish  it  from  Actino- 
cyclus,  and  the  absence  of  spines  from  Heliopelta  and  Omphalopelta.  "We 
have  not  the  slightest  doubt  that  Ehrenberg  has  properly  separated  Actino- 
cyclus  from  Actinoptychus.  Professor  Smith  himseK  practically  admits  this, 
by  placing  the  groups  in  different  genera,  although  he  has  not  retained  the 
names  as  afiLxed  by  their  author.  If,  however,  the  validity  of  their  sepai'a- 
tion  be  admitted,  the  founder  of  these  genera  has  surely  an  undoubted  right 
to  retain  the  original  name  for  whichever  group  he  thinks  fit.  Professor 
Smith  seems  to  have  erred  by  choosing  as  the  type  of  Actinocyclus,  not  one 
of  Ehrenberg's  species,  but  a  form  placed  in  that  genus  by  Professor  Kiitzing, 
though  really  belonging  to  Actinoptychus. 


Actinoptychus  ternarius  (E.).  — 
Disc  with  3  or  5  radiating  lines,  with- 
out a  distinct  umbilicus ;  compartments 
even.  KB.  pi.  1.  f.  19.  =  A.  quinarius,  E. 
Fossil.  Virginia.  The  rays  proceed 
directly  to  its  centre,  without  leaving  an 
umbilical  space. 

A.  undulatus  (Klitz.). — Disc  with  its 
compartments  alternately  prominent  and 
cellulose  and  depressed  and  punctate; 
umbilicus  indistmct  or  indefinite.  = 
Actinocyclus  undulatus,  KB.  pi.  1.  f.  24  ; 
Actinoptychus  hiternarius,  EM.  pi.  18. 
f.  20 ;  A.  biternatus,  EM.  pi.  35  a.  16.  f.  1. 
(v.  88.)  America.  Guano,  &c.  Com- 
partments six  or  more. 

A.  velatus  (E.).  —  Compartments  six, 
loosely  cellulose ;  sm-face  apparently 
covered  by  a  thin  punctated  membrane. 
KSA.  p.  130.  Virginia.  We  are  imac- 
quainted  with  this  species,  but  think  it 
may  probably  be  a  state  of  A.  undulattis, 
the  valves  of  which  frequently  consist 
of  two  dissimilar  plates,  one  having  the 
usual  character,  the  other  being  triradiate 


and  minutely  pimctate,  and  which  has 
been  described  as  a  new  species  by  Mr. 
Roper  in  TM.  vi.  p.  23  {Actinocyclus  tri- 
radiatus),  who  fii'st  observed  it  detached 
fi'om  the  true  valve.  He  and  others 
have  since  foimd  the  plates  in  situ. 

A.  senarius  (E.).  —  Compartments  (6 
or  more)  alternately  prominent,  aU 
loosely  cellidose ;  umbilicus  angular, 
definite ;  rim  striated.  EM.  various 
plates.  =  Actinocyclus  undulatus,  SB.  i. 
pi.  5.  f.  43.  (IX.  132.)  Common,  both 
recent  and  fossil.  Mr.  Tuften  West  re- 
gards A.  senarius  and  Omphalopelta  areo- 
lata  as  identical.  The  presence  of  mar- 
ginal spines  in  the  latter  seenis  indeed 
the  only  essential  distinction;  and  we 
have  generally  succeeded  in  detecting 
spines,  more  or  less  distinct,  exactlj' 
such  as  Professor  Smith  lias  represented 
in  one  of  tlie  figures  of  his  Actinocyclus 
undulattis.  The  determination  of  species 
in  Actinoptychus  is  very  difticult.  The 
number  of  the  compartments,  generally 
relied  upon,  we  consider  imessential,  and 
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we  -would  separate  into  two  species  all 
tliose  forms  in  wliich  the  compiU'tments, 
irrespective  of  their  number,  are  di- 
stinctly cellulose  without  any  particular 
arrangement  of  their  cellules.  A.  undu- 
latus  would  thus  include  all  those  having 
a  vague  or  indefinite  umbilicus,  and  A. 
senarius  those  in  which  the  lunbilicus  is 
separated  fi-om  the  cellulose^  compai-t- 
ments  by  a  weU-defined  margin. 

A.  spiendens  (Shadbolt).  —  Compart- 
ments (12  to  20)  obscui'ely_  cellulose, 
each  with  a  median  line,  which  termi- 
nates in  a  clavate  intramarguial  nodule 
or  tooth ;  umbilicus  hyaline,  definite.  = 
Actinopheenia  spiendens,  Sh  TM.  ii.  p.  16 ; 
Actinoptyclius  sedenariits,  E.,  Ko  TM.  ii. 
p.  74,  pi.  6.  f.  2.  Common.  Guano,  Eng- 
land.   In  this  species  the  alternate  de- 
pressions of  the  compartments  are  often 
very  slight ;  and  the  compartments  being 
striated,  frequently  appear  irregidar,  and 
are  coimted  with  difliculty.    The  species 
nevertheless  has  so  peciiliar  an  aspect, 
that,  once  known,  it  is  easily  recognized. 
The  rays  are  most  distinct  where  they 
radiate  from  the  hyaline  umbilicus,  at 
which  part  they  sometimes  appear  thick- 
ened.   In  some  specimens  the  nodules 
are  confined  to  the  alternate  compart- 
ments. 1  .  i 
A.  elegans  (n.  sp.).— Disk  divided  into 
compartments  by  lines  radiating  from  a 
stellate,  hyaline  umbilicus ;  compart- 
ments pimctated,  and  each  bisected  by 
a  monilifoi-m  row  of  gi'anules.  =A.  octo- 
denarnis,  EM.  pi.  21.  f.  21.  Orau.  Ehren- 
berg  has  figiu-ed  more  than  one  form  as 
his  A.  ododmarius ;  the  compai-tments  in 
his  figure  of  this  species  are  9,  and  each 
is  bisected  by  a  moniliform  ray.  . 

A.  ^riWw(7t<te<e<s(Bn.).— Valves  divided 
by  6  alternately  elevated  segments.  The 
elevated  portions  gi-aduaUy  rise  fi'om  the 
circumference  to  near  the  centre,  where 
they  are  rounded  of!';  each  alternate  one 
has  a  submarginal  row  of  dots  or  ti-un- 
cated  processes.  Surface  delicately  punc- 
tato-striate.  -0035"  to  -0073".  West 
Indies.    Bri  MJ.  viii.  p.  93,  pi.  5.  f.  2. 

A.  spinosus  (Bri.^.— Valves  with  6  seg- 
ments, alternately  slightly  elevated}  mar- 


gin occasionally  spinous;  each  segment 
with  1  or  2  processes ;  umbilicus  smooth, 
surface  of  the  valve  punctate.  Monterey 
earth  (or  deposit).  Bri  MJ.  viii.  p.  94, 
pi.  G.  f.  15. 

A.  dives  (E.).  —  Disc  divided  into 
numerous  (about  50)  naiTOw  compart- 
ments by  lines  radiating  from  a  large, 
indefinite,  punctated  umbiliciis,  _  each 
compai-tment  having  a  single  series  of 
gi-anules.  EM.  pi.  19.  f.  \2.=Discoplea 
dives,  E. ;  Cydotella  dives,  KA.  p.  20. 
Fossil,  ^gina. 

Doubtful  Species. 

A.  quaternarius  (E.).  —  Disc  divided 
into  4  compartments  by  as  many  radi- 
ating lines.  KA.  p.  130.  Vii-ginia. 
Diam.  1-552".    A  state  of  A.  teft-narius  ? 

A.?  hexupterm  (E.).  —  Disc  with  6, 
thick,  solid  and  conical  rays;  mai-gin 
thick,  imdulated,  denticulate  internally. 
KA.p.l31.  Fossil.  Vera  Cruz.  (xi.  31.) 
A  very  doubtful  Diatom. 

A.  octonarius  (E.). — Disc  di\'ided  into 
8  compartments  by  as  many  radiating 
lines.  Guano,  &c.  A  state  of  ^.  sewams. 

A.  denariiis  (E.).— Disc  with  10  com- 
partments and  10  radiating  lines.  EM. 
pl.  18.  f.  23.  Cuxhaven  and  Virginia. 
We  believe  this  species  is  founded  on 
certain  forms  of  A.  senarius  and  A. 
spiendens. 

A.  duodenarius  (E.).— Disc  divided  by 
radiating  lines  into  12  compai-tments, 
which  are  alternately  dai-ker;  in  the 
centre  of  each  compartment  runs  a  nar- 
row line,  terminating  at  the  margin  in  a 
minute  pseudo-nodule,  so  that  as  nianv 
as  24  rays  may  be  coimted.  Kecent  and 
Fossil.  Em-ope,  America.  KA.  p.  131. 
=  Seliopelta  Phaethon,  MJ.  viii.  p.  13  ? 
A  state  of  A.  splendeiis  ? 

The  following  species  of  Ehrenberg 
are  distinguished  by  the  number  of  rays 
only : — 

A.  quatuordenarius,  14  rays=^.  s^^"- 
dens;  A.  vicenarius,  20  rays;  A.  Ceres, 
22  rays ;  A.  Jupiter,  24  rays  (xi.  28). 
The  three  last  are  probably  states  ot 
A.  spiendens. 


r<.-nnR  TTELIOPELTA  (Ekr.).— Frastules  disciform,  undulated  disc  cellu- 
lose ^th  external  rays  and  internal  septa,  a  striated  maipi,  many  erect 

b4.r^al  teeth,  and  an  angular  centre.  As  in  Actinoptychus,  the  frustule 
•r  wSed  ancT'the  disc  di^ded  into  cuneate  compai-tments  or  rays,  winch 
Jl/nlternatelv  more  distinct;  "but,  in  addition,  they  have  near  the 
appear  f^^^^^f  somewhat  Uke  the  processes  of  Eupodiscus. 

but  far  mrnuml"!  Xch  probably  connect  the  frustules  together  in  Iho 
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young  state.  Ehrenberg  has  dedicated  the  different  species  of  this  genus  to 
persons  distinguished  in  the  history  of  microscopic  research  "  (BaUey).  As 
the  species  differ  only  in  the  number  of  compartments,  they  are  probably  not 
truly  distinct. 


HELiOPELTA3/eiM  (E.). — Disc  having 
loosely  cellulose,  elevated,  radiating  com- 
partments, alternating  with  depressed 
ones  marked  with  tine  decussating  lines ; 
border  a  rather  broad  striated  rim.  Ber- 
muda deposit,  (xi.  35.)  Compartments 
6;  umbilicus  stellate.  Diam.  1-372". 
Has  the  habit  of  Actinoptychus  velatus. 
=  H.  Metii,  EB.  1844,  p.  268.  Com- 

Eartments  8 ;  imibilical  star  tetragonal, 
liam.  1-204". 

H.  Leeuwenhoekn  (EM  pi.  38. 18.  f.  5.). 
— Compartments  10 ;  umbUical  star  pen- 


tagonal. Diam.  1-156". 

H.  Mderi  (EM.  pi.  33.  18.  f  6X  — 
Compaa-tments  12;  umbilical  star  hex- 
agonal.   Diam.  1-156". 

H.  Selliquerii  (EB.  1844,  p.  268.).  — 
There  are  usually  3  teeth  opposite  each 
elevated  compaiiment,  and  2  opposite 
each  depressed  one ;  but  sometimes,  es- 
pecially ia  the  larger  specimens,  the  teeth 
are  more  nimierous,  whilst  in  the  smaller 
ones  they  are  occasionally  1  less  in  each 
compartment. 


Genus  OMPHALOPELTA  (Ehr.).— Erustules  simple,  disciform ;  disc  cellu- 
lose or  punctate,  divided  by  imperfect  septa  into  cuneate  rays ;  centre  hyaliae  ; 
spines,  one  to  each  compartment.  "  This  genus  has  the  habit  of  Actinoptychus 
and  HeUopelta,  but  differs  from  the  former  in  the  presence  of  lateral  spines, 
and  from  the  latter  ia  the  small  number  of  these  processes.  The  species  of 
these  three  genera  often  closely  agree  in  their  form  as  well  as  in  the  number 
of  their  radii  and  cells  ;  but  the  character  of  the  spines  wiU  always  distinguish 
them"  (Bailey).  "  AH  the  species  of  Omphalopelta  resemble  Actynoptychus 
senarius"  (Kg.). 

Heliopelta  differs  from  this  genus  in  having  two  or  more  spines  instead  of 
one  to  each  compartment, — a  difference  we  regard  as  more  suitable  for  specific 
than  generic  distinction;  and  we  believe  that  a  better  knowledge  of  these 
forms  will  prove  the  propriety  of  uniting  them. 


_  Gmphaiopelta  cellulosa  (E.).  —  Ea- 
diating  compartments  6,  cellulose,  al- 
ternately tiunid  and  depresed,  stellato- 
pimctate ;  rays  but  slightly  prominent ; 
rim  broad,  striated.  KA.  p.  133..  Fossil. 
Bermuda,  Virginia.  Diam.  1-192".  This 
species  greatly  resembles  the  6-rayed 
form  of  Heliopelta  Metii,  in  which  the 
compartments  have  sometunes  only  1 
and  2  spuies  alternately ;  and  indeed  we 
are  not  certara  that  they  are  even  speci- 
fically distinct. 

0.  areolata  (E.).  —  Compartments  6, 
all  loosely  and  ohscui-ely  cellulose, 
scarcely  or  but  slightly  depressed;  rays 
distinct;  rim  broad,  radiate.  EM.  pi.  35  a. 


18.  f.  12.=  Actinocyclics  areolatus,  Bri  MJ. 
viii.  p.  93,  pi.  5.  f.  1.  Fossil.  Bermuda, 
guano,    (vm.  15.) 

0.  versicolor  (E.).  —  Compartments  6, 
a,ll  graniilated  in  very  fine  decussating 
lines,  which  cause  a  play  of  colours  fi-om 
tawny  to  red ;  the  strong  rays  and  hex- 
agonal crystalline  umbilicus  very  conspi- 
cuous ;  rim  naiTow,  radiant.  KA.  p.  133. 
FossU.  Bei-muda.  Diam.  sometimes 
1-252",  but  mostly  less. 

0.  punctata  (E.).— Radiatmg  compart- 
ments 6,  all  loosely  punctated,  3  tflter- 
nate  ones  slightly  elevated ;  rim  narrow, 
not  distinctly  radiant;  spines  obsolete. 
KA.p.  133.    Fossil.  Bermuda. 

Genus  ARACHNOIDISCUS  (Deane).--Pa'ustules  disciform;  disc  ^^dth  a 
central  hyahne  nodule  or  umbihcus,  and  numerous  radiating  lines  connected 
by  concentric  lines  or  senes  of  geramaceous  granules. = Hemiptychus  (E.). 
The  disc  has  been  compared  to  a  spider's  web  ;  hence  the  name.  Alternating 
w^th  the  long  radiate  hues  are  one  to  three  short  marginal  ones,  the  central 
one  of  these  bemg  also  longer  than  the  other  two  when  three  are  present 
Professor  Bailey  informs  us  that  ArachnoicUscus  has  been  adopted  instead  of 
Hemiptychus  because  the  latter  name  had  previou.sly  been  used  in  onto- 
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Abachnoidiscus  ornatus  (E.). — Disc 
having  its  radiating  lines  connected  by 
concentric  ones.  =  Hemiptyclms  ornatus, 
EB.  1848,  p.  7 ;  Arachnoidisctis  ornatus, 
EB.  1849,  p.  64 ;   Ar  TM.  vi.  p.  16 ; 
A.  Japonicus,  Shadbolt;  A.  Nicobaricus, 
EM.  pi.  36.  f.  35  (according  to  Amott). 
Afi-ica,  West  Coast  of  America,  Nicobar 
Islands,  (xv.  18-21.)  In  deference  to  tbe 
opinion  of  Prof.  Ai-nott,  we  bare  united 
A.  Nicohancus  to  tbis  species ;  but  it  is 
desirable  to  examine  specimens  &om  tbe 
original  stations.    Ebrenberg  describes 
all  tbe  radiating  lines  in  bis  A.  ornatus^  as 
equal ;  but  be  figures  A.  Mcobaricus  with 
two  sets  of  sborter,  marginal,  interme- 
diate ones.    Oui-  specimens,  in_  tbis  re- 
spect, agTce  witb  A.  Nicobaricus,  but 
have  aroimd  tbe  umbilicus  a  circlet_  of 
close,  sbort,  radiant,  oblong  lines,  wbicb 
are  wanting  m  Ebrenberg's  figure.  Tbe 
granules,  too,  are  apparently  larger  in 
our  specimens.  Tbe  lines  connecting  tbe 
radiating  ones  often  anastomose. 

A.  Ehrenbergii  (Bailey). — Disc  witb 
numerous,  moniliform,  concentatic  circles 
of  large  pearly  granules,  tbe  circle  next 
tbe  umbilicus  formed  of  sbort  lines; 
radiating  lines  witb  two  series  of  sborter 
ones  between.  =  A.  Ehrenbergii,  EB.  1849, 
p.  64 ;  SD.  i.  p.  26,  pi.  31.  f.  256.  Recent, 
Coast  of  Oregon  and  California;  fossil, 
Monterey  and  California.  A.  Ehre)i- 
bergii  is  easily  distinguished  fi-om  A. 


ornatus  by  tbe  absence  of  concentric 
lines.  It  is  more  hyaline,  and  tbe  gra- 
nules far  larger  and  more  conspicuous. 
All  the  circles  are  compact,  and,  except 
the  two  inner  ones,  have  tbe  granules 
slightly  quadrate,  and  their  relative  di- 
stances somewhat  ii-regular.  Tbe  second- 
ary rays  are  sometimes  half  tbe  length 
of  the  principal  ones ;  the  third  series  is 
simply  marginal. 

A.  Indicus,  EM.  pi.  36.  f.  34.  India. 
We  have  seen  neither  specimen  nor  de- 
scription of  tbis  species.  Ebrenberg's 
figui-e  represents  tbe  disc  with  numerous, 
concentric,  moniliform  circles  of  pearly 
granules.    The  gi-anules  are  distant  in 
the  first  and  third  from  the  umbilical 
space ;  in  all  the  others  they  are  dense. 
Professor  Amott  (perhaps  rightly)  unites 
A.  Indicus  to  A.  Elirenbergii;  but  we 
have  thought  proper  to  keep  them  sepa- 
rate for  the  present,  in  order  to  dii-ect 
more  attention  to  them,  because  Ehren- 
berg's  figm-e  of  A.  Indicus  differs  in  some 
respects  from  A.  Ehrenbei-gii.    In  this 
species  there  is  no  linear  series  round 
the  umbilicus,  the  third  cii'cle  has  distant 
granules,  all  the  granules  are  orbicular, 
there  is  only  one  series  of  sborter  rays 
interposed  between  the  long  ones,  and 
these  are  coimected  by  an  undulated 
line,  giving  the  inner  margin  of  the  rim 
a  scolloped  appearance.    In  aU  these 
respects  it  difiers  fr-om  A.  Ehrenbergii. 


ftpniis  PERITHYKA  (Ehr.).— Characters  unknown  to  us.  According  to 
ElSenberg's  figures,  it  seems  to  differ  from  Heterostepbania  by  ite  larger 
tubercles. 


Pebithyba  denaria,  EM.  pi.  35  a.  9. 
f  5  =  Coscinodiscus  radiatus,  var.,  Wal- 
lich,  TMS.  viii.  pi.  2.  f.  22  ?  Ganges. 
Disc  with  radiating  series  of  mmute 
puncta,  ten  intramarginal  tubercles,  a 


rather  broad,  smooth  rim,  and  no  umbi- 
licus,  (vni.  19.) 

P.  quaternaria,  EM.  pi.  35  a.  9.  f.  6. 
Ganges.  A  variety  of  the  preceding, 
with  only  four  tubercles. 


FAMILY  IX.— EUPODISCE^. 

Frustules  simple,  free,  disciform ;  lateral  sm-faces  fuxnisbed  with  Processes 
The  EupodiscejE  maybe  regarded  as  connectmg  the  Coscinodisce^e  with  the 
Biddulphie^e.  The/agree  witb  tbe  former  in  tbeii'  discoid  fnistules  and  with 
Z  latter  in  having  processes  on  tbe  lateral  surfaces.  These  processes,  how- 
ever Zt  not  be  confounded  with  tbe  spines  or  teeth  which  occur  in  some 
of  [be  Coscinodisce^.  It  is  sometimes  difficult  to  decide  whether  the  dis  s 
?eaUY  have  processes  or  only  pseudo-nodules,  since,  from  their  circular  out- 
Une^Ld  byaline  textui-e,  f/ee  from  ceUules,  both  these  appear  like  orifi  s 
unless  seen  in  profile,  and  perhaps  Actinocyclus  would  be  more  con'cctly 
placed  in  this  family  than  with  tbe  Coscinodisceae. 

anr,in«  17TTP0DISCUS  (Ebr.).— Friistides  disciform ;  disc  ceUulose  or  gra- 
niiSrfuSwft^^  circular  pi-ominence..=Txipodiscus,  Tetra- 
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podisciis,  Pentapodiscus  (E.),  Podiscus  (Bail.)-  The  ceUular  structure  is 
usually  less  evident  in  this  genus  than  in  Coscinodiscus.  We  have  removed 
to  Actinocyclus  three  species  originaUy  placed  here  by  Professor  Smith,  who 
himself  admits  that  they  probably  belong  to  that  genus,  "  as  the  process  in  all 
is  rather  a  pseudo-nodule  than  a  projection  from  the  surface  of  the  valve. 

'E.Rogersii  (Bail.,  E.).  —  "  Frustules 
large,  haviug  3  to  7  hyaline  lateral  pro- 
cesses placed  on  an  elevated  ckcle, 
within  which  the  disc  is  slightly  con- 
cave, and  outside  of  which  the  surface 
is  part  of  the  frustiun  of  a  cone.  =  Po- 
discus Rogersii,  BAJ.  xlvi.  pi.  3.  f.  1,  2  ; 
JEupodiscus  Rogersii,  E.  I.  c. ;  E.  Baileyii, 
E.  I.  c.  Recent  and  fossil.  United 
States.  In  this  species  the  processes 
are  close  to  the  rim.  The  whole  surface 
is  beautifully  punctate.  ...  As  this  spe- 
cies is  the  largest  and  most  beautiful  of 
the  fossil  Infusoria  occurring  in  the  sti-ata 
of  which  Professor  W.  B.  Rogers  made 
the  discovery,  I  have  selected  it  as  pe- 
culiarly appropriate  to  bear  his  name  " 
(Bail.  I.  c). 

E.  7'adiatus'(Baii.). — Disc  plane,  areo- 
lation  hexagonal,  with  4  (or  more)  sub- 
marginal  processes.  "  Resembles  Cosci- 
nodiscus radiatus  in  size  and  reticidation," 
BC.  Bri  MJ.  viii.  p.  95,  pi.  5.  f.  10. 
America. 


EuPODiscus  Argtcs  (E.).  —  Disc  with 
three  or  more  processes,  subremote  from 
the  margin ;  cellules  somewhat  stellate, 
intervals  pimctated.  SD.  i.  p.  24,  pi.  4. 
f.  39.  =  K  Americanus,  EB.  1844 ;  JE. 
quaiernarins,  E.  quinanus,  E.  Gervia- 
nicus,  KA.  p.  134.  (vi.  2;  xi.  41,  42.) 
Recent  in  marine  and  brackish  water, 
Europe,  America ;  fossil.  United  States. 
This  species  is  easily  recognized  by  its 
irregular  cellules  and  intei-vening  puncta, 
which  give  to  the  disc  a  clouded  appear- 
ance, very  imlike  the  usual  transparency 
of  Diatomaceae.  The  processes  vary  fi-om 
3  to  5  in  number.  "The  star-shaped 
ceUs  appear  when  seen  by  direct  light 
to  be  placed  in  the  centre  of  small  bosses 
or  protuberances,  in  which  respect  it  dif- 
fers from  all  other  Diatomacese  that  I 
am  acquainted  with.    Ro  MJ.  ii.  p.  73. 

E.  monstruosus  (E.). — Disc  vsdth  4  pro- 
cesses on  one  side.  E.  I.  c.  p.  81.  Baltic. 
Distinguished  by  the  unsymmetrical  dis- 
position of  its  processes.  It  is  probably 
an  accidental  variety  of  E.  Argus. 


Genus  ATJLACODISCUS  (Ehr.). — Erustules  disciform ;  disc  granulated,  and 
furnished  with  intramarginal,  shortly  tubular  processes,  each  connected  with 
the  centre  by  a  distinct  furrow,  or  by  a  radiant  series  of  more  conspicuous 
granules.  Aulacodisci  are  Eupodisci  furnished  "with  bands  radiating  from  the 
centre  and  connected  with  the  tubercles  situated  just  within  the  margin,  and 
having  the  surface  of  their  valves  granulate,  and  not  cellular.  Professor 
Kiitzing  makes  this  genus  a  section  of  Eupodiscus, 


*  Eisc  hidlate  beneath  the  processes, 

AuiACODiscus  Petersii  (E.).  —  Disc 
nearly  colomless,  having  a  small,  per- 
foration-like umbUicus,  a  large  kite- 
shaped  inflation,  rough  with  minute 
points,  beneath  each  process,  and  minute 
granules  arranged  in  lines.  EB.  1845, 
p.  361.  =  Eupodiscus  Petersii,  KSA.  p.  135 ; 
E.  cruciger,  Sh  TM.  ii.  pi.  1.  f.  12.  South 
Africa,  both  recent  and  in  guano ;  Aus- 
tralia and  New  Zealand.  Disc  large, 
with  3  to  5  orbicular  processes,  furnished 
with  a  central  nipple  and  situated  on 
the  outer  margin  ot  the  inflations.  The 
granules  are  minute,  and  arranged  in 
lines,  some  radiant  and  bisecting  the 
intervals  between  the  processes,  the  rest 
oblique  and  decussating.  Raised  points 
are  present  on  the  inflations  and  less 
conspicuously  along  the  connecting  fur- 


rows and  about  the  imibilicus;  margin 
finely  striated.  In  order  to  observe  the 
disc  properly,  it  is  necessai-y,  on  accovmt 
of  its  unevenness,  to  vai'y  the  focus. 
Specimens  from  New  Zealand  have  the 
granules  and  markings  more  distinct, 
and  the  inflations  smaller,  less  definite, 
and  further  from  the  margin. 

A.  formosus  (Amott,  MS. ). — Disc  huid, 
having  an  irregular  perforation-like  um- 
bilicus, a  large  cimeate  inflation  beneath 
each  process,  and  radiating  series  of  con- 
spicuous pearly  granides.  =  A.  Bright- 
wcllii,  Ralfs,  MS. ;  A.  Bolivioisis,  Brdb. 
MS.  In  upper  Peruvian  or  San  Filipe 
guano.  A.  formosus  agrees  with  A. 
Petersii  in  having  an  inflation  beneath 
each  process,  but  differs  in  most  other 
respects.  From  A.  margaritaceus  and 
A.  Comheri,  which  it  more  nearly  ro- 
8eniblcs  in  the  n))pearance  and  arrange- 
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ment  of  its  gi'aniiles,  it  is  easily  known 
by  its  inflations.  Disc  large,  smoke-  or 
lead-coloiu'ed,  with  a  narrow,  distinct, 
finely  striated  rim ;  inflations  remote 
from  the  margin,  and  having  a  bright 

Eoint  at  the  onter  edge,  placed  at  the 
ase  of  an  elongated,  clavate,  not  very 
conspicuous  process, 

2  *  Disc  not  hullate  beneath  the  processes. 

A.  scaber  (Ealfs,  n.  sp.).  —  Disc  with 
oblong  submarginal  processes,  crowded 
radiating  series  of  mmute  granxiles,  and 
scattered  raised  points.  Peruvian  guano. 
Processes  3  to  5,  connected  by  indistinct 
grooves  with  the  very  minute  umbilicus. 
In  the  front  view  this  species  resembles 
a  Cerataulus,  its  lateral  portions  being 
turgid,  and,  in  addition  to  the  processes, 
rough  with  minute  apiculi;  connecting 
zone  marked  by  faint  longitudinal  lines. 

A.  Kittoni  (Amott,  MS.). — Disc  hya- 
line, with  3  to  8  submarginal  crescent- 
looking  processes,  connected  by  radiant 
rows  of  minute  granules,  with  an  umbi- 
lical rosette  of  oblong  cellules.  Recent, 
New  Zealand  and  Monterey  Bay;  fossil,. 
Monterey  stone.  An  elegant  species, 
distinguished  by  its  somewhat  mammi- 
form processes,  which,  being  directed  out- 
wards, appear  lunate.  Granules  puncti- 
form,  proceeding  from  umbilicus  to 
processes  in  pencil-like  rays ;  interval 
between  the  processes  bisected  by  similar 
pencils,  but  less  conspicuous,  and  with- 
out ftuTOws  ;  the  rest  of  the  granules  in 
oblique  lines,  as  in  A.  Petersii. 

A.  Jb/msowM (Aniott,MS.). — Disc  pale, 
with  a  circular,  perforation-like  umbili- 
cus, and  crowded  radiating  series  of  gi'a- 
nules  becoming  more  numerous  as  they 
proceed  outwards,  so  as  to  appear  forked ; 
processes  within  the  margm,  roundish, 
small.  Algoa  Bay  guano.  The  rays, 
near  the  margin,  become  more  numerous, 
with  smaller  granules,  so  as  to  look  like 
sti-ise  ;  sometimes  the  processes  appear 
within  a  faint  circle.  A.  Johnsonii  some- 
what resembles  A.  Kittoni,  but  is  less 
hyaline,  with  more  conspicuous  gTa- 
nules,  and  processes  more  distant  from 
the  margin. 

A.  Crux  (E.). — Disc  with  close,  radi- 
ating, forked  series  of  large  pearly  gra- 
nules, which  are  crowded  at  the  centi-e, 
leaving  no  blank  space ;  processes  some- 
what distant  from  the  margin.  =  Crux, 
EB.  1844,  p.  76;  EM.  t.  18.  f.  47: 
podisms  Crux,  KA.  p.  135.  Fossil.  Vn-- 
ginia.  We  are  indebted  to  Professor 
Araott  for  coiTecting  tlie  error  we  had 
fallen  into,  of  confounding  it  with  A.^ 


Kittoni.  In  general  appearance  it  agrees 
with  A.  Coniberi  and  A.  margaritucew, 
but  the  processes  are  more  remote  from 
the  margin,  and  the  connecting  fui-rows 
obscure ;  it  diflers  essentially  from  most 
other  species  in  having  large  gi-anules 
at  the  centre  of  its  disc,  instead  of  a 
blank  space ;  margin  striated. 

A.  murgaritaceus  Qialfs,  n.  sp.). — Disc 
pale,  with  oblong  submarginal  processes, 
an  iiTegidar,  perforation-like  umbilicus, 
nimierous,  close,  monilifonn,  radiating 
seiies  of  large,  pearly  gi'anules,  and  in- 
conspicuous connecting  fuiTOws.  Patos 
or  Californian  guano.  =  A.  Crux,  EM. 
pi.  35  A.  16.  f.  2.  Disc  large,  with  from 
3  to  10  rather  small  processes ;  umbUicus 
usually  in-egulai',  hyaline,  looking  as  if 
denuded  of  granules,  sometimes  veiy 
minute  and  suiTounded  by  a  cii'clet  of 
larger  granules.  Two  simple  seiies  of 
equal  granules  lead  to  each  process,  be- 
neath which,  by  a  slight  separation,  they 
leave  a  triangidar  hyaline  space ;  the 
other  series  are  dichotomously  divided, 
and  near  the  margin  then-  granides  be- 
come smaller,  or  even  punctiform,  and 
resemble  striiE. 

A.  Co??j6e>-j  (Arnott,  MS.).— Disc  Im-id ; 
granules  large,  irregulai-ly  scattered  round 
the  irregular  perforation-Hke  umbilicus, 
the  rest  arranged  in  crowded,  forked, 
radiating  lines;  processes  oblong,  sub- 
marginal,  with  conspicuous  connecting 
furrows.  San  Filipe  guano.  Processes 
2  to  6.  A.  Coniheri  in  chai-acter  ap- 
proaches closely  to  A.  margaritacejis ;  its 
granules,  however,  are  smaller  and  more 
irrearular  near  the  umbilicus,  and  the 
fuiTows  leading  from  the  processes  ai-e 
much  more  conspicuous;  but  the  most 
obvious  distinction  of  this  species  is  its 
ku'id  appearance. 

A.  Beeveria  (Johnson,  MS.).  —  Disc 
smoke-colom-ed,  with  an  uTegulai-  blank 
umbilicus,  rather  distant  radiating  lines 
of  large  peaily  granules,  striated  mai-- 
gin,  and  (3  or  4)  roundish  submarginal 
processes.  New  Zealand.  Of  this  beau- 
tiful species  we  have  seen  only  one  spe- 
cimen. The  disc  is  small,  apparently 
nearly  flat,  with  very  distinct  granules, 
9  or  10  in  -001",  on  a  dark  ground ;  two 
series  leading  to  each  process,  ^vide^ 
apart  and  more  pai-allel  than  the  rest. 
(VI.  5.) 

A.  JBrotoneii  (Norman,  MS.).  —  Disc 
coloured,  with  a  minute  umbilicus,  close 
radiating  series  of  granides,  and  two  or 
three  roundish  intramargimvl  processes. 
Shell-cleanings,  California  and  else- 
where in  the  Pacific.    Fossil,  Montei-ey 
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•stone.  Disc  small  under  a  low  power, 
bluish,  with  a  darker,  brownish  border. 
The  granules,  which,  according  to  Mr. 
Norman,  are  about  17  in  '001",  are  so 
regulai'ly  arranged  as  to  form  concentric 
circles  as  well  as  radiating  series.  A. 
Brotvneii  agrees  in  colour  with  A.  Ore- 
ganus,  but  in  the  aiTangement  of  its 
granules  more  resembles  A.  Beeverim. 
From  the  former  it  differs  in  the  regular 
radiant  aiTangement  of  its  granules, 
smaller  size,  fewer  processes,  and  much 
flatter  surface.  From  A.  Beeverits  it  is 
distinguished  by  its  coloiu"  and  closer 
granules. 

A.  Oreganus  (Bailey). — Disc  colom-ed, 
with  circular  perforation-like  umbilicus, 
convex  centre,  flattened  border,  short 
cylindrical  slightly  emarginate  marginal 
processes,  and  series  of  miaute  crowded 
granules.  Bail.  Proc.  Acad.  Philadelphia, 
1853 ;  Grev  MJ.  vii.  p.  156,  pi.  7.  f.  2. 
California,  both  recent  and  fossU ;  Mon- 
terey stone,  Puget's  Sound.    This  very 


distinct  species  is  easily  recognized  by 
its  coloured  disc  and  cylindrical  emar- 
ginate processes,  which  are  from  6  to  27 
m  number,  and  close  to  the  margin. 
Under  a  low  power  its  minute  gi-anules 
appear  arranged  in  waved  or  oblique 
lines,  but  imperfectly  radiant  imder 
higher  powers,    (vi.  4.) 

A. /(wfcAer  (Norman,  MS.). — Disc  large, 
coloiu-ed,  vdih.  fi-om  7  to  16  marginal 
processes ;  centi-al  gi-anules  iiTegularly 
scattered  or  crowded,  the  others  in  di- 
stinct, close,  radiant  rows.  Fossil.  Mon- 
terey stone.  A.  pulclier  agrees  vdth  A. 
Browneii  in  its  coloured,  slightly  and 
uniformly  convex  disc  and  radiant  ar- 
rangement of  granules.  It  differs  from 
that  species  by  its  much  larger  size  and 
more  numerous  processes.  The  most 
remarkable  featiu-e  of  this  species  is  its 
gxanulose  centre,  in  which  respect,  as 
weU  as  in  its  radiant  granules,  it  differs 
from  A.  Oreganus.  Granules  12  in  -OOl". 
(vni.  28.) 


Genus  AULISCUS  (Ehr.,  Bail.).—"  Frustules  cylindrical  or  discoid ;  lateral 
smfaces  undulated,  having  two  circular,  flattened,  mastoid,  imperforate  pro- 
cesses at  some  distance  from  the  margin;  umbilicus  (generally  present) 
smooth,  cii-cular,  surrounded  by  a  plumose  arrangement  of  dots  and  lines- 
sides  smooth"  (EC.  1854.). 

"  The  projections  on  one  valve  are  usually  on  a  line  at  right  angles  to  that 
on  which  those  of  the  opposite  valve  are  placed  »  (B.).  Kiitzing  unites  Auliscus 
with  Coscinodiscus ;  but  it  seems  more  nearly  allied  to  Eupodiscus 


*  liisc  with  a  conspicuous  circular 
umhiliciis. 

Auxiscus  pruinosus  (B.). — "  Disc  with 
four  sets  of  cm-ved  and  sparsely  punc- 
tate lines,  two  diverging  from  the  large 
smooth  umbilicus,  while  the  other  two 
converge  roimd  the  large  processes." 
BO.  1854,  pi.  1.  f.  5-8.  Recent.  United 
States,  (vi.  1.)  "  Frustides  large,  discoid 
or  cylindrical;  edges  bevelled,  central 
portion  in  front  view  smooth  or  with 
longitudinal  parallel  lines  "  (B.).  We 
have  seen  frustules  of  this  species  with 
3  processes. 

A.  punctatus  (B.).  — Frustules  like 
those  of  A.  pruinosus,  but  their  lines  so 
crowded  and  closely  punctate  that  the 
plumose  aiTangement  is  scarcely  visible 
BC.  pi.  1.  f.  9.  United  States.  "  This 
may  prove  a  variety  of  the  preceding ; 
but  the  sparsely  punctate  surface  of  the 
one  and  the  closely  pimctate  surface  of 
the  other  appear  to  offer  a  sufficient 
distinction  between  them"  (B.). 

A.  calalus  (B.). — Disc  vnth  imequal 
•strongly  marked  lines  proceeding  from 


the  margin  towards  the  centre,  but 
leaving  a  well-defined  centi-al,  fom-- 
lobed  or  crucifoi-m  figm'e,  with  waved 
lines  radiating  in  fom-  sets  from  the 
umbilicus.  BC.  pi.  1.  f.  3,  4.  In  sand 
fi-om  West  Indian  sponge,  and  in  sound- 
ings from  Mobile  Bay.  Umbilicus  di- 
stinct, smooth,  the  lines  proceeding  from 
it  towards  the  processes  in  convergrno- 
cmwes,  the  others  variously  flexed  and 
anastomosing. 

2  *  Umbilicus  ivanting  or  ohsohte. 

A.  scfdptus  (Smith).  — Disc  with  un- 
equal, sti-ongly  marked  short  lines,  radi- 
ating mwards  from  the  margin  and 
leaving  a  weU-defmed  central,  four- 
lobed  space,  marked  with  four  sets  of 
fainter  lines  radiating  from  the  centre. 
=  Eupodiscus  sculptus,  SBD.  i.  pi.  4.  f.  42  • 
Bri  MJ.  y\n.  p.  94,  pi.  5.  f.  3.  England! 
(vi.  3.)  This  species  resembles  A.  cep- 
latus,  but  has  no  umbilicus.  We  have  not 
seen  the  strias  of  the  central  quatrefoil  so 
stronglv  marked  as  in  Professor  Smith's 
figm-e,  but  always  much  fainter  than  the 
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marginal  ones;  indeed  sometimes  they 
are  very  indistinct. 

A.  Americanus  (E.).  —  Disc  with 
strongly  marked  lines,  radiating  inwards 
from  the  margin  and  leaving  an  inegidar 
central  space  destitute  of  lines.  EM. 
pi.  33.  14.  f.  2.  United  States.  The 
laro-e  processes,  as  well  as  the  central 
space,  are  without  the  radiating  lines  of 
A.  sndptus ;  hnt  we  think  it  probable 
that  Ehrenberg's  figvu-e  was  taken  from 
a  specimen  of  that  species  in  which 
those  markings  were  more  than  usually 
inconspicuous. 

A.  cylindricus  (E.).— Frustules  cylin- 
drical, with  a  plane  orbicular  disc  on 
each  side,  having  a  rim  and  a  central 
area  marked  by  vai-ious  radiatiug  lmes; 
processes  resembling  oblique  opemngs. 

A.  ovalis  (Arnott,  MS.).  —  Disc  oval, 
with  two  opposite,  narrow,  hispid  ele- 
vations midway  between  the  roundish 
perforation-like  apices  of  the  processes ; 
curved  lines  pimctate,  rather  faint ;  um- 
bilicus obsolete.    Algoa  Bay  aud  Peru- 


vian gnanos.  Communicated  by  Mr. 
Kitton.  This  species  is  distinguished 
by  its  oval  disc  and  hispid  elevations. 
The  truncated  processes  do  not  in  general 
correspond  exactly  with  the  longer  dia- 
meter of  the  valve,  but  are  placed  a  little 
on  one  side  in  opposite  directions,  in 
which  respect,  as  well  as  in  the  presence 
of  hair-like  spines,  it  approaches  Cera- 
taulus. 

Doubtful  Species. 

A.  polystigmus  (E.).~Radiating  series 
of  cellules  converging  in  two  lateral 
obsolete  whorls,  which  appear  perforated 
(processes  ?).  Cellules  14  in  1-1200". 
Diam.  l-3Q0".=  Coscinodiscm  polystigma, 
KA.  p.  124.   North  Sea. 

A.  ?  gigas  (E.).— Margin  of  sides  tu- 
mid, looking  as  if  perforated,  sculptured 
bv  eleffant  rows  of  dotted,  imperfectly 
radiant  lines.  EM.  pi.  19.  f.  Q3.=  Cos- 
cinodiscus  Auliscus,  KA.  p.  126.  Fossil, 
^gina.  Ehrenberg's  figure  represents 
I  a  mere  fragment. 


FAMILY  X.— BIDDTJLPHIE^. 

Frustules  cellulose,  compressed;  lateral  valves  entering  into  the  &-ont  view 
and  ruaiy  more  or  less  produced,  at  one  or  both  angles  into  P^^^^^^^J^^f 

Z  W  tw!t^s4g  the^ntral  .one  to  appear  like  a  W  be^e^  ^- 
The  mode  of  growth  in  tHs  W^^^^^^^^^^ 

elongation  and  subsequent  ^™  ^^'f^^e  fo^^^^  Jthin  the  elongated 
septa,  new  ^^^^J^.^l^^Ztl^^^^^  The  ceW 

^SfrSsTt'/n^^orarm^^^^^^^  l^e,  but  it  increases  greatly 

in  breadth  until  the  new  frustules  are  fully  formed. 

r^nn.  CFHATAULUS  (Ehr.).— Fnistules  with  turgid  lateral  valves,  each 
J::Z^^Zl^r,.^^^^^^^  alternating  with  ^^^"^^^l^Ze 
like  spines ;  lateral  view  orbiou^^r  or  ^>-?f  r^no  tof  lateral 
measiire,  to  connect  the  Biddulphiese  with  the  Eiipod^^^^.  J^^^^^  _ 
Sew,  it  approaches  the  latter  in  the  cii-cular  form  of  ^^P^^^'^'  'f^! 

Sont  view,  however,  is  similar  to  the  other  genera  of  .^^^^^ 
5es  are  binately  conjoined  by  an  external  pi^^^^^^ 
PPS-^P-;  are  definite  in  number.    Ehrenberg  descubes  tne  irustiuea  i 

complete  ^^^^^  ;  but  Professor  BaHey  finds  them  coucatenate^   to  aulus 
Karacterized  by  having  stout  l^orn-^e  jines^  w^^^^^^  tlU 
protuberances  between  the  two  processes,  but  alternate  witn  w  , 
part  of  the  same  circle.  i  o  f  o-? 

C...r.^vs  turgid^  i^-}--,^^:,^:,  %Zl^J^!,.l>\.&Ve^Ss 

cesses  short,  broad  and  truncate  latera  f         ™ica^           ^  ^j,. 

valves  broadly  eUf  ic,  with  a  snbmai-  jf  ^^^u     f  compressed  witii  two 

ginal  band  of  ^B^^euli-   E^^^  ISA  P-  2^^;  f-^^    .^^ices  at  each  end,  cohenng 

Biddulphia  turgtda,  SJ3U.  u.  p.  ov,  pi.  a  t 
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by  alternate  angles,  forming  izigzag 
chains.  Between  the  two  processes,  and 
in  a  plane  at  right  angles  to  that  con- 
taining them,  are  placed  two  long  horn- 
like processes.  Two  frustiiles  are  often 
connected  by  an  external  decussately 
pimctate  cell,  as  in  Istlimia  and  Bid- 
dulphia."  The  processes  do  not  exactly 
correspond  with  the  angles,  but  are  situ- 
ated a  little  to  the  side  in  opposite  di- 
rections. This  species,  beautifidly  figiu'ed 
in  Professor  Smith's  excellent  work,  is 
easUy  recognized  by  its  broad,  trvmcated 
processes,  (vi.  8.) 

C.  Smithii  (Ra.). — Valves  in  front  view 
tm-gid ;  processes  conic,  alternating  with 
subidate  hom-Hke  spines;  lateral  valves 
orbicular;  cellules  dastinct.  =  Eupodiscus 
radiatus  ?,  SBD.  i.  p.  24,  pi.  30.  £  255 
(not  Bailey)  ;  Biddtdphia  radiata,  Ro 
TMS.  vii.  p.  19,  pi.  2.  f.  27-29.  Thames. 
The  orbicidar  form  and  differently  shaped 
processes  distinguish  this  species  from 
the  preceding.  The  cellules  are  not 
radiant ;  and  as  Professor  Smith's  name 
waa  bestowed  in  error,  and  is  liable  to 
mislead,  we  have  thought  it  advisable  to 
change  it. 

C.  lavis  (E.). — Frustules  large,  qua- 
drangular, with  short,  broad,  truncate 
processes  and  straight  intermediate  mar- 
gin ;  valves  suborbiculai",  obscm-ely  punc- 
tate, with  two  minute,  opposite,  subme- 
dian  spines.  =BiddulpMa  Imvis,  EB.  1843, 
p.  122 ;  Ro  MJ.  vii.  p.  18,  pi.  2.  f.  24-26 ; 


Odontella  polymoiyha,  KB.  1844,  pi.  29, 
f.  90;  Isthmia  polymorpha,  Montague. 
Shores  of  North  and  South  America. 
(VI.  7.) 

0.  thermalis  (Me.).— Large,  jomts  cy- 
lindrical, angularly  concatenated  by  a 
lateral  isthmion ;  lateral  valves  very 
smooth.  =  Melosira  (Pleurosira)  thei-malts, 
Menegh.  '  On  the  Animal  Natiu-e  of 
Diat.,'  p.  391.  Warm  springs  of  Eugania. 
Length  of  frustules  very  variable.  Kiitz- 
ing  refers  this  to  the  preceding  species, 
— a  decision  from  which  Meneghini  dis- 
sents. The  following  extracts  are  taken 
from  the  work  of  the  latter : — "  Kiitzing 
says,  *  Your  Melosira  {Fleurosird)  ther- 
malis is  in  no  respects  different  from  the 
Odontella  polymorpha.  I  have  compared 
your  specimen  with  that  of  Montague. 
There  are  even  foimd  the  delicate  pomts 
upon  the  shield,  as  in  the  other,  which  I 
have  inadvertently  omitted  in  my  figure. 
Your  specimen  is  certainly  an  Odontella, 
although  the  articulations  are  cylindri- 
cal.' "  On  this  opinion  Meneghini  makes 
the  following  comments:  —  "Although 
I  have  had  an  opportimity  of  examining 
fragments  only  of  Montague's  Isthmia 
polymorpha,  I  am  positive  in  ti'eating 
the  matter  differently.  It  is  admii-ably 
figiu'ed  by  Kiitzing ;  the  articulations  are 
not  cylindi-ical,  and,  though  obtuse  and 
slightly  prominent,  the  lateral  processes 
are  very  evident."  For  other  distinctions 
between  them,  see  the  work  quoted,  p.  483. 


Genus  BIDDTJLPHIA  (Gray).  —  Frustiiles  compressed,  quadrilateral, 
cohering  by  their  alternate  angles,  and  thus  forming  a  zigzag  chain ;  angles 
equal,  elongated  into  tooth-like  projections  ;  spines  none,  or  confined  to  the 
intermediate  rounded  projections ;  lateral  valves  constricted  laterally  at  their 
base.  Great  difference  of  opinion  exists  as  to  the  proper  arrangement  of  the 
forms  here  associated,  whether  they  should  be  included  in  a  single  genus  or 
not.  Ehrenberg  and  Kiitzing  distribute  them  in  two  genera ;  but  although 
their  genera  appear  identical,  yet  their  definitions  differ  so  much  as  to  make 
the  agreement  in  fact  merely  nominal.  Professor  Smith  unites  Cerataulus  and 
Zygoceros,  as  weU  as  Odontella,  to  Biddulphia,  whilst  Professor  Bailey,  whose 
opportunities  of  studying  this  family  have  been  so  ample,  admits  the  propriety 
of  conjoining  Biddulphia  and  OdonteUa,  but  is  not  prepared  to  add  Zygoceros. 
Brebisson,  who  first  conjoined  Biddulphia  and  OdonteUa,  subsequently  recog- 
nized both  genera.  Ehrenberg  and  Kutzing  concur  in  describing  Biddulphia 
and  OdonteUa  (DenticeUa,  E.)  as  concatenate,  and  Zygoceros  and  Hemiaulus 
as  simple.  _  Ehrenberg  distinguishes  Biddulphia  from  Odontella  by  the  ab- 
sence of  .spines,  which  are  present  in  the  latter.  Kiitzing,  on  the  other  hand, 
characterizes  OdonteUa  as  smooth  (not  cellidose,  though  often  punctate  or 
gramilate),  without  internal  septa,  and  BiddiUphia  as  regularly  punctato- 
ceUulose,  with  internal  septa.  Smith  finds  spines  in  the  typical  species  of 
Biddulphia ;  and  BaUey  considers  the  presence  or  absence  of  spines  an  unim- 
portant accident.   We  retain  our  former  opinion,  that  we  cannot  exclude  any 
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species  from  Biddulpliia  merely  on  account  of  the  absence  of  costiie,  without 
violating  natural  affinity,  and  dividing  Isthmia  also.  In  Biddulphia,  Kiitzing 
forms  his  species  solely  from  the  number  of  lateral  costte  and  consequent 
divisions  (chambers)  ;  his  species,  however,  have  been  generally  rejected ;  and 
we  think  that,  like  similar  characters  in  Actinoptychus  and  other  genera,  such 
distinctions  are  essentially  erroneous. 


*  Valves  with  undulating  margim  and 
transverse  costce  or  depressions. 

BronuLPHiA  pulchella  (Gray). — Frus- 
tules  distinctly  reticulated  ;  valves  with 
obtuse  processes,  and  £i*om  one  to  five 
smaller  intermediate  projections  sepa- 
rated by  costse  extending  to  the  suture. 
SD.  ii.  p.  48,  f.  321.  £.  irilocularis,  Kiitz. 
(with  two  costffi);  B.  quinquelocularis, 
Kiitz.  (with  fom-  costse)  ;  B.  septemlocu- 
laris,  Kiitz.  (with  five  costse)  ;  Denticella 
Biddulphia,  E.  (centi-al  projection  armed 
with  spines) ;  B.  australis,  Montague ; 
B.  elongata,  Montague  (with  broad  cen- 
tral poi-tion).  (n.  46  to  50.)  The  di- 
stinctive character  of  this  species  is  the 
costfe  or  imperfect  septa  which  separate 
the  proj  ections.  Lateral  valves  oval,  with 
imdulated  margins  and  a  large  pseudo- 
opening  at  each  end.  In  the  yovrng  state 
there  is  only  one  rib,  and  no  interme- 
diate projection. 

B.  Regina  (Sm.).— Valves  with  three 
median  elevations,  the  central  one 
largest,  vmarmed ;  processes  little  ex- 
ceeding the  median  elevation  in  length, 
papillate,  rou.nded ;  cellules  of  elevation 
distinct,  those  of  valves  and  central  zone 
minute.  SD.  ii.  p.  50,  pi.  46.  t  323 ; 
Eo  TMS.  vii.  p.  8.  Dredged  oif  the 
Island  of  Skye.  Professor  Bailey  refers 
this  species  to  B.  tridentata,  and  Pro- 
fessor Williamson,  accordmg  to  Pro- 
fessor Smith,  to  B.  Tuomeiji.  We  have 
seen  no  specimen,  but  ti-ust  to  the  well- 
known  accuracy  of  Professor  Smiths 
figures  for  its  distmctness  in  the  form 
and  comparative  shortness  of  its  pro- 
cesses. 

B.  tridentata  (E.).  —  Lateral  valves 
dotted,  having  elongated,  obtuse_  pro- 
cesses, and  one  to  three  unequal  inter- 
mediate projections;  constrictions  ap- 
proaching the  suture.  EM.  pi.  19.  f  21. 
=  Denticella  tridentata,  E.  (central  pro- 
tuberance armed)  ;  Denticella  Tridens,  E. 
ro'>sil.  America.  Professor  Bailey  re- 
fers B.  Reqina,  Sm.,  to  this  species,  but, 
iuda-inir  from  the  descriptions  and  figures, 
they  seem  to  us  distinct.  In  this  species 
the  processes  are  more  slender,  longer 
than  the  intermediate  proiections,  and 
mostly  constricted  beneath  the  apex. 


Mr.  Roper  unites  this  species  to  B. 
Tuomeyi,  and  is  probably  right  in  so 
doing. 

B.  oUusa  (K.) . — Frustulesvery  smooth, 
short,  with  tm-gid,  obtuse,  short  horns, 
and  a  very  short  intemiediate  process.  = 
Odontella  obtusa,  KA.  p.  136.  Heligo- 
land,   (xm.  30  to  32  a) 

B.  subcequa  (K.).— Fi-ustules  oblong, 
veiysmooth;  homs  minute,Avithoutinter- 
mediate  ■^xo]QC,t\OTLS.=  Odontella  subcBqua, 
KB.  pi.  18.  8.  £  4,  5.  Heligoland.  Pro- 
fessor Smith  is  probably  right  in  regard- 
ing the  last  two  as  states  of  B.  aurita. 

B.  IcBvis  (E.). — Has  the  habit  of  B. 
aurita,  but  its  valves  are_  smooth  and 
tridentate.  =  Z)en<ice&  IcBvis,  EM.  pi.  33. 
15.  f.  6.  Antarctic  Sea.  Diam.  432". 
Ehrenberg's  figm-e  of  this  species  but 
slightly  resembles  B.  aurita:  the  horn- 
like processes  are  elongated,  slender,  and 
awl-shaped,  and  not  the  least  inflated  at 
the  base  ;  the  iatei-mediate  mai-gin  also 
is  convex,  and  not  elevated  into  a  central 
projection. 

B.  Tuomeyi  (B.).— "Valves  having  ob- 
tuse horns  with  swollen  bases,  between 
which  are  from  one  to  three  shorter, 
roimded  projections,  the  middle  one 
largest,  and  often  bearing  two  spines.  = 
Zyqoceros  Tuomeyi,  BAJ.  xlvi.  pi.  3. 
f '3  to  9.  Fossil.  America,  Patos  guano, 
(vi.  10.)  The  centi-al  zone  is  narrow- 
Imear,  and  sHghtly  projects  at  each  end ; 
lateral  valves  covered  with  shagreen-hke 
asperities,  which  are  most  evident  on  the 
projections;  processes  generally  con- 
itiicted.  At  the  base  of  each  sweLhng 
is  a  short,  Imear,  byahne  line  which  re- 
sembles a  perforation,  but  which  we  be- 
lieve is  really  a  smooth  elevation. 

B.  polymera  (E.).  —  Lateral  valves 
o-ranulated,  very  broad  and  short ;  angles 
elongated  into  conical  processes ;  inter- 
mediate projections  several  (about  ume), 
rounded,  the  central  one  largest.  =  Denti- 
cella? polymcra,  E.,  BAJ.  xlviii.  pi.  4. 
f  20 ;  Odontella  ?  polymcra,  K. ;  B. 
Tuomeyi,  Bo  TMS.  vii.  p.  8.  Fossil. 
Bermuda.  The  lateral  valves  are  so 
shoi-t  that  the  constrictions  between  the 
lobes  reach  nearly  to  the  base.  Tins 
species  is  remarkable  for  the  great  num- 
ber of  intermediate  projections,  of  which 
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the  central  one  is  the  largest,  the  others 
decreasing  regulaily  on  each  side,  two  of 
them  anned.  Mi-.  Iloper  unites  this  form, 
probably  correctly,  with  B.  Tuomeyi, 

2  *  Valves  lanceolate  or  elliptical,  without 
undulated  margins  (Odoutella,  Ag.). 

B.  aurita  (Lyngb.,  Br^b.). — Fi'ustiiles 
finely  pimctated ;  angles  prolonged  into 
slender  conical  horns,  with  an  interme- 
diate projection,  which  is  usually  fm-- 
nished  with  a  few  spines ;  valves  elliptic- 
lanceolate.  SBD.  ii.  p.  49,  pi.  45.  f.  319, 
=  Odontella  aurita,  Ag.,  K. ;  Denticella 
aurita,  E. ;  Denticella  gracilis,  E.  Ame- 
rica, Afiica,  Europe. 

B.  Roperiana  (Grrev.). — Valve  elliptical 
oval,  with  central  elevation,  which  in 
front  view  is  depressed  or  sometimes 
bilobed,  punctate,  imarmed ;  angular  pro- 
cesses scarcely  produced,  obtuse,  largely 
inflated  at  base ;  connecting  zone  with 
rows  of  minute  granules,  parallel  with 
suture  of  the  valve.  Grev  JMS.  vii. 
p.  163,  pi.  8.  f.  11-13.  Seaweed,  Mon- 
terey ;  Californian  guano.  "  This  species 
appears  to  be  removed  from  B.  aurita  and 
its  vaiieties  by  the  absence  of  spines,  and 
the  very  depressed,  often  two-lobed  cen- 
tral elevation  of  the  valve  "  (Grev.). 

B.  lotigicruris  (Grev.). — Valve  in  front 
view  with  central  elevation,  bearing  a 
very  long  spine  ;  angidar  processes  very 
much  produced,  awl-shaped ;  surface 
minutely  gi'anulate.  Grev  JMS.  vii. 
p.  163,  pi.  8.  f.  10.  Californian  guano ; 
SieiTa  Leone. 

B.  turgida  (E.). — Lateral  portions  in 
front  view  scabrous,  with  produced, 
conical,  obtuse  angles,  and  two  distant, 
long,  intermediate  spines;  valves  elliptic- 
lanceolate.  =  Denticella  turgida,  EB. 
1840,  p.  207;  Odontella  turgida,  KB. 
t.  18.  f.  89 ;  Biddulphia  c/ranulata,  Ro 
TMS._  vii.  p.  13,  pi.  1.  f.  10,'  11.  Atlantic. 
Britain.  Processes  large,  inflated  at 
base,  slightly  recurved ;  spines  generally 
slightly  bent  at  the  middle  ;  valves  rough 
with  minute  apiculi. 

B.  reticulata  (Ro.). — ^Valves  hirsute, 
with  large  hexagonal  reticulations ; 
processes  obtuse,  subconic,  inflated  and 
gibbous  at  the  base.  Ro  TMS.  vii.  p.  14, 
pi.  2.  f.  14-17.  Ceylon,  Natal,  New 
Zealand.  Valves  elliptic;  connecting 
zone  having  rows  of  rather  conspicuous 
dots. 

_B.  Indica  (E.,  Ro.).— Valves  hirsute, 
with  slender,  elongated,  subcapitate  pro- 
cesses, and  a  long  awl-shaped  spine 
near  each  process.    Ro  TMS.  vii.  p.  16, 


■pl.2.  f. 20-22.= Dettticella  Indica,  ERBA. 
1845,  p.  362.  Natal,  (vi,  12.)  Valves 
lanceolate,  with  the  pseudo-apertvu'es  at 
right  angles  to  the  length  of  .the  valve, 
Roper. 

B.  tuniida  (E.,  Ro.). — Valves  broadly 
elliptic,  with  very  fine  radiating  dots, 
ancl  two  or  three  submarginal  spines ; 
in  front  view  globose,  -with  tapering 
obtuse  processes.  Ro  TMS.  vii.  p.  15, 
pi.  2.  I.  18,  19.  =  Denticella  tumida, 
ERBA.  1844,  p.  266 ;  Odontella  tumida, 
KSA.  p.  137.  Bermuda  ;  Californian 
guano. 

B.  Macdonaldii  (Norman,  MS.).  — 
Frustules  finely  striated,  with  very  short, 
nearly  obsolete  processes;  valves  with 
ti-ansverse  striae  mterrvtpted  by  a  median 
line.  Shark's  Bay,  AiLsti-alia.  (vm.  23.) 
Valves  minutely  dotted  between  the 
striae ;  frustides  somewhat  twisted.  For 
the  description  of  this  species  we  are 
indebted  to  G.  Norman,  Esq. 

Doubtful  or  imperfectly  known  Species, 

B.  ?  hrevis  (E.). — Small,  laterally  lan- 
ceolato-rhomboid,  smooth,  tiipartite 
with  two  septa;  lateral  portions  also 
three-lobed ;  lobes  small,  subequal ; 
pseudo-openings  obsolete.  KA.  p.  138. 
Portugal. 

B.  ?  gigas  (E.). — Large,  very  turgid 
at  the  centre,  rough,  vdthout  distinct 
granules,  laterally  five-jointed,  having  a 
large,  oblong  (pseudo-)  opening  at  each 
attenuated  apex.  KSA.  p.  138.  EossU. 
Bennuda.    Diam.  1-144". 

B.  ?  hmata  (E.). — Valve  thi-ee-lobed, 
smooth,  slightly  ciu-ved,  lunate,  with 
subacute  horns.  EM.  pi.  18.  f.  53.  Fossil. 
Virginia.    Diam.  1-864". 

B.  ?  ursina  (E.). — Large,  turgid,  not 
cellidose ;  sides  hirsute,  not  constricted, 
middle  part  smooth.  KSA.  p.  138, 
fragment.  Antarctic  regions.  Diam. 
1-192".    Remarkable  for  its  hairiness. 

B.  ?  amphicephala  (E.). — Smooth,  nar- 
row, wand-like,  concatenate,  constricted 
beneath  each  apex ;  hence  each  end  capi- 
tate, roimded.  =  Oc?ow<e;;a?  amphicephala, 
E.  _  KSA.  p.  137.  Mouth  of  the  Tagus. 
Individual  frustules  resemble  those  of 
Navicula  dicephala  in  habit. 

B.  ?  Fragilaria  =  Denticella?  EM. 
pi.  21.  f.  31.  jVlgiors.  Perhaps  a  frag- 
ment of  Eucyrtidium  lineatum. 

B.  ?  Cirrhus(J^.). — In  Barbadoes  earth. 
We  have  seen  neither  description  nor 
figure  of  this  species. 

3  r 
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Genus  PORPEIA  (Bailey,  MS.)- — Frustules  simple  (?),  compressed,  each 
valve  with  two  short  obtuse  processes,  and  two  internal  curved  plates  which 
do  not  extend  to  the  central  portion.  We  give  this  genus  in  deference  to  the 
opinion  of  our  highly  esteemed  correspondent  the  late  Professor  Bailey,  but 
doubt  whether  it  is  sufficiently  distinct  from  Biddulphia.  In  Porpeia  the 
septa  appear  like  costse  incurved  at  their  inner  ends 
PonPEiA  quadriceps  (Bai.  MS.).— Pro- 


cesses with  pimctated  rounded  ends,  the 
intermediate  margins  slightly  convex; 
lateral  view  narrow,  with  two  constric- 
tions, and  rounded  ends.  Gulf-stream, 
(vi.  6.)   From  di-awings  by  Professor 


Bailey.  "At  iirst  sight  this  species 
suggests  a  relation  to  Grammatophora ; 
but  the  cm-ved  plates  rtm  at  right  angles 
to  their  position  in  that  genus  (i.  e.  not 
parallel  to  the  division  of  the  frustules, 
but  perpendicular  to  it)." — ^B.  in  lit. 


Genus  ZTGOCEROS  (Ehr.).— Frustules  free,  compressed,  not  concatenated ; 
each  valve  with  two  (apparently)  perforated  horn-hie  processes  Although 
we  have  retained  this  genus,  yet  we  think  it  is  very  probable  that  a  better 
knowledge  of  its  species  wiU  justify  Professor  Smith  m  uniting  it  with 
Biddulphia,  from  wHch  it  differs  only  in  its  simple  frustules 
Zygocehos  i27»om5Ms(E.).— Frustules 


turgid,  with  a  smooth  or  faintly  pimc- 
tated centi-al  portion;  lateral  valve  rhom- 
boid with  rounded  angles,  its  sm-face 
having  very  fine  gi-anulated  strise.  = 
Biddulphia  Rhombus,  SBD.  ii.  p.  49, 
,1.  45.  f.  320;  Ro  TMS.  vii.  p.  H,  pi-  1- 
^A.  America,  Europe,  England.  /3,  valves 
with  one  or  more  median  spines,  =  Dm- 
ticella  Rhombus,  E.  ;  Odontella  Rhomhis, 
K.  Large ;  striffi  24  to  26  in  1-1150' . 
Diam.  1-720".  "Spines  submarginal, 
awl-shaped,  abbreviated  "  (Sm.). 

Z.  radiatus  (B.).  —  Frustules  large, 
turgid;  lateral  valve  rhomboid,  with 
rounded  angles  and  radiating  series  of 
DTanides.  BSC.  vii.  Z.  Ralcsna,  EM. 
pi.  35.  A.  23.  f.  17  ;  Bri  JMS.  vii.  p.  181, 
pi  9.  f.  15.  Nova  Scotia.  "Akm  m 
habit  to  Z.  Surirella,  but  larger  than 
Z.  Rhombus.  Central  zone  punctated 
(Ehr.). 

Z.  Surirella  (E.).  —  Frustules  small; 
lateral  valve  lanceolate,  with  constricted 
obtuse  apices;  surface  with  transverse 
granular  lines,  interrupted  by  a  median 
longitudinal  band.  Eo  TMS.  ii.  pi.  6. 
f  11,  12.  Alive.  Em-ope.  Thames. 
(XI.  50,  51.)  Diam.  1-720".  Central  por- 
tion smooth,  granules  of  valves  more  di- 
stinct than  m  Z.  Rhombus.  Distin- 
guished by  the  smooth  longitudinal  line 
m  a  lateral  view.  ^     ^    ^  ,     i  ^  n 

Z  Bipons  (E.). — Fmstules  laterally 
lanceolate,  with  acute  ends,  aud  two 
smooth  median  consti-ictions ;  granules 
delicate,  not  radiant.  KbA.  p.  irfJ. 
Bermuda  deposit.  Diam.  1-384".  Ang  es 
with  small  horns.  May  be  lmo^yn  by 
having,  in  the  lateral  view,  two  trans- 
verse lines. 


Z.  stiliger  (E.).— Frustules  laxly  cellu- 
lose ;  valves  with  double  median  con- 
striction of  the  side;  angles  produced 
into  long,  acute,  stilifoi-m  horns.  KSA. 
p.  139.  Fossil.  Bei-muda  deposit.  Diam. 
1-1152".  "  Z.  stiliger  may  be  a  species  of 
Hemiaulus ;  but  the  constrictions  resem- 
ble those  of  Biddidphia,  save  that  they 
want  the  wide  apertm-es  of  the  horns  " 
(Ehi-.). 

Z.  australis  (E.).— Frustules  smooth  ; 
horns  obsolete;  lateral  valve  tm-gid- 
lanceolate,  with  conspicuous  pseudo- 
openings.  KSA.  p.  139.  Antarctic  Sea. 
Diam.  1-480". 

Z.  Wircinus  (B.).— Frustules  mmutely 
and  decussately  punctate ;  lateral  valves 
formino-  ti-uncated  cones  without  pro- 
cesses, "lut  each  having  two  long,  seti- 
form,  bent  spines  ;  lateral  view  elliptic. 
BC.  vii.  pi.  1.  f-  19,  20.  FossU.  Vir- 
ginia. Characterized  by  the  conic  out- 
line of  the  lateral  valves,  and  the  absence 
of  processes.  „  -i 

Z.  Naviada,  EM.  pi.  19.  f.  22.  Fossil. 
Greece.  Lateral  valve  oblong,  with 
transverse  rows  of  dots,  a  ti-ansverse 
smooth  median  band,  and  a  pseudo- 
opening  at  each  end. 

7,.  paradoxus  (E.).— Smooth,  laterally 
linear-oblong  with  rounded  ends.  EM. 
pi  22.  f.  54.  =  Surirella  paradoxa,  LM. 
Caltanisetta,  Sicily.  1-576". 

Z.  Sicidm  (E.).  —  Smooth,  linear; 
laterally  rhomboid,  with  obtuse  ends. 
EM.  pi.  22.  f.  53.=  Surirella  rhombvidea, 
em".    Fossil.    Sicily.  1-744". 

Z.  Mobiliensis  (B.).  —  Fi-ustules  qua- 
drangular, thin,  delicately  _  pimct^te  ; 
valves  with  slender,  tapering  lateral 
proce.s8es,  and  two  slight  intermediate 
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firojections  armed  with  one  or  two  very 
ong  filiform  spines.  BC.  1859.  =  Bid- 
dulphia  Bailojii,  SBD.  ii.  p.  50,  pi.  G2. 
f.  322 ;  Eo  TMS.  vii.  p.  12,  5I.  1.  f.  5-9. 
America.  In  stomach  of  Ascidias.  Hull, 
Teignmouth.  (vi.  11.)  Frustiiles  fra- 
gile, yellowish.  A  well-marked  species ; 


there  is  nocenti-al  projection  of  the  valves, 
but  two  slight  elevations,  furnished  with 
one  or  more  bristles,  and  dividing  the 
margin  into  three  nearly  equal  portions. 
The  elevations  appeal'  situated  between 
the  processes,  but  are  reaUy  placed  on 
opposite  sides. 


Genus  HEMIAULTJS  (Ehr.). — Fnistules  compressed,  subqiiadrate  ;  fission 
perfect,  hence  not  concatenate ;  valves  without  lateral  constrictions,  each  with 
two  processes — that  of  the  one  side  (apparently  ?)  open,  the  other  closed.  The 
genus  has  the  habit  of  Biddnlphia,  but  is  devoid  of  the  lateral  constrictions. 
It  has  the  form  of  a  Pandean  pipe.  As  the  valves  are  not  constricted,  the 
basal  angles  ai'e  rectangular,  and  the  outer  margins  of  the  processes  (which 
are  generally  attenuated,  narrow,  and  elongated)  are  straight. 


HEMiAtixus  antarcticus  (E.). — Frus- 
tules  strongly  granular ;  lateral  processes 
elongated,  of  one  valve  tinmcate,  of  the 
other  elongated";  a  short  median  rounded 
projection  between  the  processes.  EM. 
pi.  35.  A.  22.  f.  15.  Antarctic  Sea.  (xi.  54.) 
Diam.  1-1152".  Granules  in  parallel 
rows. 

H.  Polycystinorum  (E.). — Angles  ex- 
tended into  very  long,  narrow,  linear, 
horn-like  processes,  which  are  attenuated 
at  the  extremity,  and,  as  well  as  the  base, 
cellulose.  EM.  pi.  36.  f.  43.  Barbadoes 
deposit.    Between  the  processes  are  from 


one  to  three  slight  projections ;  lateral 
view  oval,  bordered,  having  transverse 
bars  corresponding  in  mmiber  to  the  de- 
pressions. 

H.  ?  Atcstralis  (E.). — Valves  strongly 
granulate ;  lateral  processes  roimded, 
mtermediate  one  obsolete.  KSA.  p.  139, 
Antarctic  Sea. 

H.  ?  Californicus  (E.). — Valve  granu- 
late, having  a  subquadi'ate  base ;  angles 
extended  into  linear  processes  without 
intennediate  projections.  EM.  pi.  33. 13. 
f.  15.    In  Californian  tiipoli. 


Genns  ISTKMIA  (Ag.). — Emstiiles  compressed,  trapezoidal,  cellulose, 
attached,  cohering  by  short  neck-like  processes,  so  as  to  resemble  irregularly 
branched  filaments.  Pmstules  always  more  or  less  oblique,  the  lower  angle 
of  each  prolonged  into  a  process  by  which  it  coheres  to  the  one  beneath,  and 
which  in  the  basal  frustule  forms  the  stipes  by  which  the  filament  is  attached. 
The  fnistules  are  turgid,  and  the  reticulations  of  the  central  portion  smaller 
than  those  of  the  sides. 


IsTHMiA  enervis  (E.). — Lateral  valves 
with  large,  somewhat  quadrate  cellules 
arranged  in  transverse  parallel  lines. 
=  Confefva  ohliquata,  EB.  t.  1869;  I. 
obltquata,  Ag.  ;  J.  nervosa,  KSA.  p.  135 ; 
E  Inf.  p.  209,  pi.  16.  f.  6 ;  SBD.  ii.  p.  52, 
pi.  48.  Europe,  America,  Cape  of  Good 
Hope,  &c.  (x.  183.)  The  lateral  por- 
tions are  separated  from  the  central  one 
by  ra,ther  broad  lines,  produced  by  the 
junction  and  inflection  of  the  margins, 
and  which  fonn  internally  projecting 
plates  or  rims.  The  cellules  bordering 
the  sutm-es  are  somewhat  larger  than 
the  other  cellides  of  the  central  portion, 
but  less  remarkably  so  than  in  the  next 
species. 

I.  nervosa  (K.). — Lateral  portions  with 
parallel  transverse  costre,  having  two  or 
more  series  of  hexagonal  celhdes  in  each 
interval.  =  Diatoma  obliquatum,  Lyng. ; 


I.  obltquata,  E. ;  I.  nervosa,  KA.  135 ; 
SD.  ii.  p.  52,  pi.  47.  Northern  shores  of 
Europe  and  America.  This  is  usually  a 
more  northern  species  than  I.  enervis. 
The  cellules  are  smaller,  except  a  series 
of  large  conical  ones  bordeiing  the  inner 
side  of  the  sutm-es,  and  the  fnistules  are 
generally  not  so  wide  in  proportion  to 
their  length;  but  the  most  evident  di- 
stinction is  the  division  of  the  lateral 
portions  into  compartments  by  the  costas, 
which  often  anastomose. 

I.  minima  (Harv.  &  B.). — Central  por- 
tion very  finely  decussately  pimctated ; 
lateral  portions  granulated  by  large 
cellules.  Proc.  of  Acad,  of  Phil.  Rio 
de  Janeii'o  and  Sooloo  Sea. 

Imperfectly  knoivn. 

I.?  Africana  (E.). — Largo  flat  frag- 
ments resembling  the  centi-al  portions  of 
3  I  2 
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Isthmia,  marked  hy  transverse  rows  of  I  EEBA.  1844,  p.  83.  Diameter  of  largest 
very   minute   cellules.     Orau,  Africa,  j  fragment  1-216". 

Genus  HYDEOSEEA  (Wallich). — Frustules  quadrate,  united  into  fila- 
ments and  furnished  with  conspicuous  horizontal  bands  or  septa;  valves 
cellulose,  compressed,  or  triangular,  with  internal  septa,  and,  on  one  side  only, 
with  minute,  aperture-like  appendages.  Marine.  Filaments  elongated, 
attached,  compressed,  or  prismatic.  Joints  rectangular,  connected  at  the 
angles  by  mucous  cushions,  and  marked  by  bands  passiug  across  the  valves 
and  connecting  zone.  In  the  lateral  view  the  ends  or  angles  are  separated 
by  septa.  Hydrosera  seems  allied  on  the  one  hand  to  the  Terpsinoeie,  and  on 
the  other  to  the  Biddulphieffi  and  Angulifereae. 


Hyduoseba  compressa  (Wallich). — 
Filaments  compressed;  valve  oblong, 
divided  into  three  inflated  compartments 
by  two  transverse  septa.  Wallich,  MJ . 
vi.  p.  252,  pi.  13.  f.  7-11.  East  Indies. 
Side  view  with  blank  angles,  occasionally 
furnished  with  a  few  minute  spines. 
(VI.  8.) 

H.  triquetra  (Wallich).  —  FUaments 


triqueti'ous ;  valves  triangular,  with  the 
subcii'cular  centi'e  divided  from  the  ob- 
tuse, somewhat  produced  angles  by 
septa.  Wallich  MJ.  vi.  p.  251,  pi.  13. 
f.  1-6.  East  Indies.  Front  view  with 
fom'  transverse  bands ;  valves  with  im- 
dulated  sides,  reticulated,  except  at  the 
angles,  which  are  famished  with  a  few 
extreniely  minute  spines  (vi.  13.) 


FAMILY  XI.— ANGULIFEEE^. 

FiTistules  cellulose  or  granulate  ;  in  lateral  view  angular.  This  fanuly  is 
closely  allied  to  Biddulphieae  (and  in  some  manner  connected  with  the  Cosci- 
nodisceas  and  Eupodiscete).  As  in  that  famUy,  the  lateral  portions  are  seen,  m 
the  front  view,  having  the  central  portion  like  a  band  between  them.  Hence, 
in  order  to  determine  their  proper  family,  it  is  frequently  necessary  to  see 
them  lateraUy.  The  angles,  however,  in  the  front  view  are  usually  less 
elongated,  and  the  intervening  margia  less  lobed  in  the  Anguiifere»  than  m 
the  Biddulphieae. 

Genus  EUODIA,  n.  g.  (BaHey,  MS.).— Frustules  ceHulose  or  granulate ; 
in  lateral  view  lunate.  Euodia  agrees  with  the  Eunotieas  in  the  shape  of  its 
frustules  wHch  can  scarcely  be  caUed  angular  ;  yet,  notwithstanding  that 
resemblance  in  form,  its  punctate  or  granulate  surface  induces  us  to  place 
it  here. 


Euodia  gihha  (Bai.  MS.).— Frustules 
in  lateral  view  semilunate,  the  ends 
somewhat  conical,  the  lower  margin 
gibbose  ;  surface  with  radiating  series  of 
minute  granules.  Recent.  Gulf  Stream, 
(vrci.  22.)  Prom  a  di-awuig  by  Pro- 
fessor Bailey.  The  upper  margin  is  very 
convex,  the  lower  one  less  so.  A  con- 
traction near  the  obtuse  ends  makes 
them  appear  somewhat  produced  and 
conical.  Professor  Bailey  represents  the 
cross  section  as  cuneate.  Goniothecium 
anaulis,  EM.  t.  33.  18.  f.  4,  greatly  re- 


sembles this  species,  and  may  be  iden- 
tical. The  upper  marghi,  however,  is 
represented  as  more  convex,  the  ends  less 
produced,  and  the  granules  larger  and 
less  numerous. 

E.  ?  Bri(/Jiticellii.  —  Frustides  semilu- 
nate, ends  scarcely  produced,  lower 
margin  concave ;  gi-anides  somewhat 
concentric.  =  Triccmtium  scmicirculare, 
Bri  MJ.  i.  p.  252,  pi.  4.  f.  21.  Bermuda 
earth.  T.  obtmim,  EM.  pi.  18.  f.  49, 
may  probably  be  referred  to  this  species. 


Genus  HEMIDISCUS  (Wallich). —Frustules  free ;  valves  cellulose,  arcuate, 
ventral  marginal  nodule;  collulation  hexagonal,  radiate.  Mai-me. 


with  a  vonirai  iuaj.yiii"i    o      ^  .  i 

We  doubt  whether  Hemidiscus  be  distinct  from  Euodia,  since  the  only  di 
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stinction  socms  to  bo  the  marginal  nodule  of  the  former,— a  character  perhaps 


overlooked  bj-^  Professor  Bailey 

Remidiscus  cuneifonnis  (Wallich). — 
Valves  seniiliinate  ;' venter  with  a  mar- 
ginal row  of  pimcta,  and  slightly  gibbons 
at  the  middle.     Wallich,  TMS.  viii. 


p.  42,  pi.  2.  f.  3,  4.  Bay  of  Bengal  and 
Indian  Ocean.  Cellidation  distinct, 
largest  at  the  centre.  Connecting  zone 
broadest  at  the  dorsvmi.    (vi.  14.) 


Genus  TEICERATIUM  (Ehr.),— Frustules  cellulose,  free,  simple ;  in  lateral 
view  triangular  (rai-ely  with  four  or  five  angles).  This  genus  has  been  weU 
illustrated  by  Mr.  BrightweU  in  his  excellent  monographs  published  in  the 
'  Journal  of  Microscopical  Science ; '  so  that  the  species  can  be  distinguished 
without  much  difficulty.  His  discovery,  in  more  than  one  species,  of  fnistules 
with  fom-  or  even  with  five  angles,  shows  that  in  this,  as  in  several  other  cases, 
the  number  of  parts  do  not  afford  good  generic  distinctions.  We  were  inchned 
to  place  greater  reliance  upon  their  complete  fission ;  but  Professor  Bailey  in- 
formed us  that  he  had  met  with  catenate  specimens.  Mr.  BrightweU,  indeed, 
says  that  "  the  projection  of  a  connecting  membrane  (central  portion)  beyond 
the  sutiu-e  of  the  valve,  which  is  one  of  the  characters  of  the  genus  Amphi- 
tetras,  is  not  seen  in  the  square  forms  of  Triceratium but  we  greatly  doubt 
the  validity  of  this  distinction.  "  One  of  the  difficulties  attending  the  study 
of  this  genus,  and  the  determination,  especially  in  the  fossil  forms,  of  the 
species,  arises  from  the  difficulty  of  obtaining  perfect  frustules,  and  examining 
them  in  their  fi-ont  aspect.  The  imperfect  frustules  present  only  the  end  or 
triangular  wall,  from  which  alone  no  perfectly  satisfactory  specific  character 
can  be  obtained  "  (Br.). 

The  descriptions,  unless  otherwise  specified,  apply  to  the  lateral  view  of 
the  frustules,  and  are  drawn  up,  with  few  exceptions,  from  Mr.  Brightwell's 
monographs. 


*  Lateral  surfaces  spinous. 

TBiCEBATnjM  spinosum  (B.). — Sides 
nearly  straight;  angles  prolonged  into 
horn-like  processes  ;  gramdes  minute ; 
spines  numerous ;  front  view  constricted 
beneatli  the  processes.  SUliman's  Jour- 
nal of  Science,  xlvi.  pi.  3.  f.  2.  =  T.  seti- 
gerum,  BO.  1854,  pi.  1.  f.24;  T,  armatum, 
Eo  MJ.  ii.  p.  283 ;  T.  tridactylum,  Bri 
MJ.  i.  p.  248,  pi.  4.  f.  3.  Fossil,  Ame- 
rica; recent,  England,  Florida,  (vi. 
19.)  A  variable  species ;  its  numerous 
spines  and  somewhat  tiiradiate  form  best 
distingiush  it.  Larger  spines  are  often 
interspersed  among  the  smaller  ones. 

T.  compactum  (Bri.  MS.). — Spinous; 
front  view  constricted  beneath  the  some- 
what inflated  processes ;  central  portion 
bordered  by  a  series  of  large  celhdes.  = 
T.  armatum,  /3,  Bri  MJ.  iv.  p.  274,  pi.  17. 
f.  11.  Becent.  Australia.  Smaller  than 
T.  spinosum,  but  like  it  in  fonn,  having 
a  spme  on  the  middle  of  each  side.  In 
the  front  view  it  is  very  different. 

T.  comferum  (Bri.).  —  "  Sides  hregu- 
larly  concave ;  angles  drawn  out  into  an 
extended  cone  witli  a  short,  stout  horn 
near  each ;  centre  of  fnistule  convex, 


with  three  setse."  Bri  MJ.  iv.  p,  274, 
t.  17.  £  6.  Shell  cleanings.  The  mam- 
millate  angles,  giving  the  sides  a  waved 
appearance,  mark  the  species.  The  gi'a- 
nnies  are  not  radiant. 

T.  contortum  (Sh.). — Angles  prolonged 
into  cm'ved  horn-like  processes ;  spines 
in  three  radiate  double  rows,  terminating 
near  each  angle  with  a  long  bristle.  Sh 
TMS.  ii.  p.  15,  pi.  L  f.  7.  Recent.  Natal. 
(vi.  18.)  WeU  distinguished  by  its  con- 
torted angles.    Sides  straight. 

T.  orbiculatimi  (Sh.). — Sides  convex; 
angles  obtuse,  each  with  a  circidai* 
pseudo-nodide  accompanied  by  a  spine ; 
gramdes  minute,  radiating.  Sh  TMS.  ii. 
p.  15,  pi.  1.  f.  6.  Natal.  The  front  view 
shows  the  naiTow  central  portion  marked 
like  the  lateral  portions,  which  aro  large, 
not  consti'icted,  and  terminated  by  three 
truncated  cones.  Mr.  BrightweU  enter- 
tains no  doubt  as  to  the  identity  of  his 
specimens  Avith  Mr.  Shadbolt's  species ; 
yet  the  lattor's  figure  has  no  spines,  and 
he  describes  "  the  margin  being  so  in- 
flated as  to  cause  the  triaugidar  outline 
to  approach  that  of  tho  circle." 

T.  Marylaiidicum  (Bri.). — Sides  nosivly 
straight,  with  rounded  nnglcs,  without 
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pseudo-nodules  ;  granules  minute,  radi- 
ating from  an  angular  umbilicus  ;  spines 
few,  man  rinal.  BriMJ.iv.p.276,pl.  17. 
f.  17.  Maryland  deposit.  There  is  at 
eacli  angle  a  short  spine,  and  sometimes 
another  at  the  middle  of  each  margin. 
Professor  Bailey  regards  this  species  as 
identical  with  T.  Amblyoceros ;  hut  we 
cannot  believe  that  Ehrenherg  would 
have  omitted  so  remai-kable  a  character 
as  the  angular  umbilicus,  nor  are  both 
species  found  in  the  same  deposit.  We 
have  akeady  given  our  reasons  for  doubt- 
ing the  correctness  of  the  supposition 
that  Ehrenberg  foimded  his  Sijmholo- 
phora  Trinitatis  upon  this  species. 

T.  annulatum  (Wallich).— Valve  mi- 
nute, with  slightly  produced  rounded 
angles  and  concave  sides ;  sm-face  marked 
with  concenti-ic  rings,  and  a  ray  proceed- 
ing from  the  centre  towards  each  angle. 
Ganges.  WaUich,  MJ.  vi.  p.  249,  pi.  12. 
f.  15.  Valves  covered  with  minute 
puncta,  aggi-egated  into  concentric  rings. 

2*  Lateral  surfaces  with  radiating 
vein-like  lines. 


t 


T.  radiatum  (Bri.).  —  Sides  straight; 
angles  obtuse ;  radiating  lines  most  evi- 
dent at  centre  and  margin;  granules 
nunute,  radiating.  Br.  I.  c.  p.  275,  pi.  17. 
f.  14.  Bai-badoes  deposit.  Frustules 
large,  without  horn-like  processes. 

T.  margi7iatum  (Br.). — Valves  with 
a  triangular  centre,  which  is  surrounded 
by  a  broad  border  divided  into  compart- 
ments by  short  transverse  lines.  Br  MJ . 
iv.  p.  275,  pi.  17.  f  13.  Fossil.  Sides 
straight,  angles  with  double  pseudo- 
nodrdes;  gi-anrdes  of  centre  minute, 
radiating,  those  of  compartments  larger 
and  scattered. 

T.  venosum  (Br.).  —  Sides  concave  ; 
angles  rounded,  sm-face  dotted,  and 
marked  by  three  radiating  pinnated  lines 
or  veins,  (vi.  17.)  Br  MJ.  v.  p.  274, 
pi.  17.  f.  5.  Barbadoes  deposit.  A  very 
beautiful  and  distinct  species. 

T.  tabellarium  (Br.). — Margin  indented 
in  foliaceous  curvatures ;  granules  nrmie- 
rous  near  the  margin,  elsewhere  in 
patches;  angles  with  small  horns.  Br 
MJ.  iv.  p.  275,  pi.  17.  f.  15.  Honduras. 
This  species  is  well  distinguished  by  its 
scolloped  margin.  It  is  doubtful  whe- 
ther it  is  properly  placed  in  this  section. 

T.  variabile  (Br.).  —  Surface  with  a 
transverse  line  below  each  angle,  and 
some  in-egular  radiatmg  veins ;  granules 
scattered,  indistinct  at  the  angles.  Br 
MJ.  iv.  p.  275,  pi.  17.  f.  19.  Peruvian 


guano.  Resembles  T.  alternans,  but  is 
larger  and  generally  distorted ;  the  angles 
are  conicid.  Mr.  BrightweU  figm-es  a 
quadi'angular  form  of  this  species. 

T.  truncatum  (Br.). — Angles  elongated 
into  broadly  truncate  arms,  centre  di- 
vided into  gi-anulated  compartments  by 
radiating  vein-like  lines.  Br  MJ .  iv. 
p.  274,  pi.  17.  f.  4.  Barbadoes  earth. 
Frustules  triradiate. 

3*  Lateral  surfaces  with  transverse  lines 
separating  the  angles  from  the  hexagonal 
centre. 

T.  hrachiatum  (Br.).— Triradiate ;  an- 
gles elongated  into  truncate  arms,  and 
separated  from  centre  by  transverse  lines. 
Br  MJ.  iv.  p.  274,  pi.  17.  f.  3.  Barbadoes 
earth.  Distinguished  by  its  angles  pro- 
longed into  rays.  It  resembles  T.  trun- 
catum in  form,  but  is  smaller,  and  has  no 
radiating  veins. 

T.  alternans  (Bai.).  —  Sides  straight, 
angles  obtuse,  granulated  like  the  hexa- 
gonal centi-e.  SBD.  i.  p.  26,  pi.  5.  f  45. 
Common,  recent  and  fossU.  England, 
United  States  guano,  (vi.  21.)  Front 
view  quadi'ate,  not  constricted ;  the 
angles  not  prolonged  into  processes. 

T.  trimlcum  (Bai.  MS.).  —  Sides  veiy 
concave ;  angles  broadly  roimded,  sepa- 
rated fi-om  centre  by  transverse  lines; 
granules  crowded  and  veiy  minute  at 
angles,  elsewhere  few,  large,  and  scat- 
tered. (^^II.  27.)  From  a  di-awing  by 
Professor  Bailey.  Gulf-stream  shells, 
W.  Indies.  This  species  may  be  known 
by  its  distant  granules. 

T.  castellatum  (West).— Sides  of  the 
frustule  deeply  concave  ;  angles  foi-ming 
segments  of  circles.  Valves  with  con- 
cave sides  and  roimded  angles,  foi-ming 
dome-shaped  eminences;  sm-face  punc- 
tate, with  a  single  row  of  larger  P^ucta 
along  the  opposed  margins.  West,  TMb. 
viii.  p.  148,  pi.  7.  f.  3.  Barbadoes  deposit. 

(vm.  29.)  ,^  , 

T.  Jb/»woMj(Ralfs,a.s.).— Valves  with 

rounded  angles  and  concave  sides,  sur- 
face with  scattered  granules,  and  a  large 
granulated  space  at  the  angles,  separated 
by  a  ti-ansverse  smooth  baud;  mai-^m 
with  a  few  short  Imes.  Barbadoes  de- 
posit. Johnson.  Valves  lai^e,  -svith 
conspicuous  granules,  which  are  few  at 
the  centi-e,  and  more  numerous  near  the 
margin;  each  side  with  a  few  short  stnaa 
like  those  figm-ed  by  Mr.  Brightwe  1  m 
T.  tabellarium,  but  the  maxgm  itsell  is 
not  undulated.  ^         ^  - 

T.  umbilicntum  (Halfs,  n.s.). —Valves 
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with  broadly  rounded  angles  and  deeply 
sinuated  sides,  triangular  smooth  um- 
bilicus, radiant  series  of  close  gi-anules, 
and  a  large  punctate  space  at  each  an- 
gle. Bai-badoes  deposit.  Johnson.  This 
large  and  beautiful  species  is  distin- 
guished by  the  sinuated  sides  and  tri- 
angidai-  umbilicus  of  the  valves.  Gra- 
nules conspicuous  and  dense,  appearing 
both  radiant  and  concentiic.  The  lai-ge 
angles  are  separated  by  iadistinct  trans- 
verse lines,  and  appear  smooth  or  granu- 
lated according  as  they  are  more  or  less 
in  focus,  and  they  have  a  centi-al  round 
spot  (probably  a  process)  and  striated 
margin.  This  species  differs  from  T. 
caskllatum  in  a  distinctly  radiant  ar- 
rangement of  the  gi'anules  and  a  smooth 
umbilicus. 

T.  megastomum  (E.). — Sides  straight; 
angles  obtuse,  with  pseudo-nodides,  and 
separated  by  transverse  lines  from  the 
hexagonal  centre.  EM.  pi.  35.  In  guano. 
Small,  somewhat  resembling  T.  Reticulum, 
but  differing  iu  its  pseudo-nodules  and 
heiagonal  centre. 

4*  Sides  in  lateral  view  gibbous  or  un- 
dulate {angles  without  pseudo-nodules; 
celhdes  minute). 

T.  undulatum  (E.).  —  Sides  slightly 
convex,  imdulated ;  gi-anules  minute, 
radiating.  Br  MJ.  i.  p.  250,  pi.  4.  f.  13 ; 
ERBA.  1840,  p.  273.  Fossil.  Bermuda 
and  Virginian  deposits. 

T.  Brightwellii  (West).  —  Sides  of 
valves  imdulate,  slightly  convex,  or 
straight;  granules  minute,  radiating 
from  the  centre,  from  which  proceeds  a 
spine  of  considerable  length ;  margin  of 
valve  closely  set  with  short  spines.  =  2". 
undulatum,  Br  MJ.  vi.  p.  154,  pi.  8. 
f.  1-5,  8 ;  West,  TMS.  viii.  p.  149,  pi.  7. 
f.  6.  Var.  j3  with  4  angles.  In  Noctilucae. 
England.  The  discovery  of  this  and  the 
following  species  in  a  living  state  has 
explained  the  appearance  of  the  central 
pseudo-nodide,  which  has  proved  to  be 
the  remains  of  a  long  horn  or  spine. 

T.  intricatum  (W est). — Sides  of  valves 
undulate ;  angle  acute  and  slightly  pro- 
duced ;  centre  tumid ;  granules  in  Imes, 
radiating  from  the  centre,  scarcely  dis- 
cernible ;  pseudo-nodule  apparent.  =  T. 
striolatum  ?,  SBD.  i.  p.  27,  pi.  5.  f.  46 ;  T. 
undulatum,  Bri.  I.  c. ;  West,  TMS.  viii. 
p.  148,  pi.  7.  f.  5.  This  species  in  its 
living  state  forms  short -filaments  united 
in  a  distant  series. 

T.  striolatum  (E.).  —  Sides  convex, 
slightly  undulated ;  angles  attenuated, 
ending  in  minute  papillse.    KB,  t.  18, 


f.  10.  =  T.  membranaceum,  Br  M J.  i.  pi.  4 
i.  15.  Thames  mud,  Cuxhaven.  Walls 
of  the  frustule  extremely  delicate,  dotted 
over  with  very  minute  collides. 

T.  Parmula  (Br.).  —  Sides  gibbous, 
with  produced  mammiform  angles ;  sur- 
face minutely  pimctated.  BrMJ.  iv. 
p.  275,  pi.  17.  f.  2.  Natal.  Var.  ^  with 
4  angles.  West,  TMS.  viii.  p.  147,  pi.  7. 
f.  1.  Fi'ustides  minute,  in  outline  re- 
sembling a  shield. 

T.  Americana. — Sides  convex,  slightly 
imdidated;  angles  rounded;  cellules 
minute.  =  T.  Amblyoeeros  ?,  Br  MJ .  i. 
p.  250,  pi.  4.  f.  14.  Fossil.  Richmond, 
Virginia.  The  rounded  angles  without 
appendages  distinguish  this  species  fr'om 
the  others  in  this  section. 

T.  margaHtaceum  (Ralfs,  n.  s.).  — 
Valves  with  rounded  angles,  and  sti-aight 
or  slightly  convex  sides ;  surface  vnth 
conspicuous  pearly  granules,  which  are 
scattered  at  a  tiiradiate  centi-al  space, 
and  aiTanged  in  radiating  lines  at  the 
margin.  Barbadoes  deposit.  Johnson. 
The  valve  is  bordered  by  a  row  of  larger 
granides ;  and  only  a  narrow  inconspicu- 
ous tenninal  portion  of  the  angles  appears 
smooth. 

T.  gibbosum  (Hai-v.  &  BaU.). — "Almost 
inflato-globose,  the  sides  very  convex, 
angles  prominent ;  sm-face  marked  as  in 
T.  concavum."  Small.  Proc.  of  Acad, 
of  Nat.  Sci.  Philadelphia,  1853.  Tahiti. 

5*  Fncsttdes  not  spinous,  sulcate,  veined, 
nor  undulate. 

t  Cellules  large,  hexagonal. 

T.  Favus  (E.).  —  Sides  straight  or 
slightly  convex ;  angles  obtuse,  vsdth 
horn-like  processes ;  surface  reticulated 
with  large  hexagonal  cellules,  (xi.  43, 
44.)  =  T.  megasto7num,'BrlSlJ .  i.  pl.4.  f.7?; 
T.  Jimbriaimn,  Wallich  MJ.  vi.  p.  247, 
pi.  12.  f.  4r-9.  Recent  and  fossil,  not 
uncommon.  Diam.  1-200"  to  1-150". 
Front  view  with  the  central  portion  mi- 
nutely pimctated,  the  lateral  portions 
scarcely  constricted  beneath  the  short 
stout  processes.  Mr.  Brightwell  figures 
a  quadiilateral  form  of  this  species  with 
concave  sides. 

T.  serratum  (Wallich). — Valves  (qua- 
diilateral) fui-nished  with  a  hom-like 
process  at  each  angle,  and  from  4  to  6 
elongated  scattered  spines,  with  furcate 
apices  ;  sides  or  plates  of  connecting  zone 
ioined  by  dovetailed  margms.  WaUich, 
'xMJ.  vi.  p.  243.  pi.  12.  f.  1-3.  St.  Helena. 
Connecting  zone  as  well  as  valves  marked 
with  a  delicate  but  well-delincd  hexa- 
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gonal  areolation.  This  species  is  re- 
marltable  chiefly  for  the  peculiar  struc- 
ture of  its  connecting  zone,  the  plates 
having  their  communicating  margins 
serrated  so  as  to  fit  into  each  other. 

T.  grande  (Br.).  —  Sides  convex ; 
angles  attenuated,  obtuse;  hexagonal 
cellules  numerous.  Diam.  1-100".  Br 
MJ.  i.  p.  249,  pi.  4.  f.  8.  T.  orientale, 
Hai-v.  &  Bail.  I.  c.  Indian  Seas,  Min- 
danao. "  The  largest  and  stoutest  spe- 
cies of  this  genus  "  (Br.).  The  descrip- 
tions do  not  suffice  to  distinguish  this 
species  from  large  specimens  of  T.  Favus. 

T.  muricatum  (Br.). — Sides  straight ; 
angles  ending  in  a  stout  hom-like  pro- 
cess ;  cellules  large,  hexagonal.  Br  M  J .  i. 
p.  249,  pi.  4.  f.  5.  From  the  cleanings  of 
shells.  A  minute  species,  distinguished 
by  its  pointed  angles.  Front  view  nearly 
square,  with  the  central  portion  smooth, 
and  the  lateral  ones  tm-gid  between  the 
prominent  processes. 

T.  ocellatum  (E.).— Sides  slightly  con- 
cave ;  angles  attenuated,  obtuse ;  cellules 
imeqiial,  large,  hexagonal  in  the  centre, 
gradually  becoming  smaller  at  the  sides, 
m  no  distinct  order.  KSA.  p.  141. 
Mouth  of  River  Tenasserim,  India. 


2t  Lateral  surfaces  with  three  pseudo- 
nuclei,  not  situated  at  the  angles. 
T.  sailptum  (Sh.).  — Sides  sti-aight; 
angles  prolonged  into  conical  pomts; 
granules  scattered;  sm-face  with  three 
circular  pseudo-nuclei,  one  opposite  the 
middle  of  each  side.  Sh  MTL.  u.  pi.  1. 
f.  4.  Natal.  In  form  this  species  some- 
what resembles  T.  acutum;  but  its  pseudo- 
nuclei  are  eminently  characteristic. 

3t  Frustules  triradiate,  with  very 
concave  sides. 

T.  Solenoceros  (E.).— Tru'adiate,  with 
deeply  concave  sides;  angles  prolonged 
into  long,  linear,  obtuse  arms;  cellules 
radiating.  Br  MJ.  i.  p.  248,  pi.  4.  £  1. 
Bermuda  earth,  (vi.  15.)  _  This  species 
differs  from  every  other  by  its  long  lineai- 
rays,  which  have  neither  pseudo-nodides 
nor  processes.  ^ 

T.  Fileiis  (E.). — Somewhat  triradiate, 
witli  vei7  concave  sides ;  angles  tapering, 
obtuse,  with  pseudo-nodules ;  cellules 
minute,  radiating.  EM.  pi.  19.  f.  18  =  T 
hracJdolatum,  Br  MJ.  i.  pi-  4.  f.  2.  lossil, 
Greece;  recent,  New  Zealand.  Mr. 
Brightwell  refers  his  T.  hracholatum  to 
the  next  species.  ,   ,   .  • 

T.  PileolHS  (E.).  — Somewhat  trira- 
diate, with  very  concave  sides ;  angles 


produced,  obtuse,  with  pseudo-nodules ; 
celkdes  small,  scattered.  EM.  pi.  35  a. 
21.  f.  17.  =  T.  obiusum,  Br  MJ.  iv. 

S251,  pi.  4.  f.  20.    Antarctic  Ocean, 
esembles  T.  Pileus  in  foi-m,  but  ie 
smaller,  and  its  cellules  are  scattered. 

4t  Frustules  not  triradiate;  angles  with 
pseudo-nodules,  or  minutely  piuic- 
tated. 

T.  concavum  (Harv.  &  Bail.).— Sides 
very  concave  ;  angles  rounded,  minutely 
punctated;  cellules  of  centre  arranged 
in  simple  and  forked  radiating  l:nes. 
H.  &B.,  Trans,  of  Acad,  of  Philadelphia, 
1853.   Tahiti.  .  , 

T.  Wallichii  (Ealfs).  —  Valves  %«th 
minute  radiate  areolation,  a  row  of  nar- 
ginal  puncta,  and  a  minute  hom-liice 
process  at  each  angle.  =  T.  punctatuin, 
WaUich,  TMS.  viu.  p.  48,  pi.  2.  f.  21- 
India,  Atlantic. 

T.  arcticum   (Bri.).  —  Va,lves  witJi 
slightly  convex  or  sti-aight  sides ;  areo- 
lations  small,  but  distinct,  radiating  in 
lines  from  the  centi-e,  and  beconung  mi- 
nute at  the  angles,  which  are  rounded 
and  slightly  inflated.  =  T.  Wilkesii,  vai-. 
S,  with  4  angles ;  Amphitetras  Wilkesu, 
Bri  MJ.  i.  p.  250,  pi.  4.  f.  11;  Eo  TMS. 
viii.  p.  58.     Beechey  Island,  Ai-ctic 
Regions;  Puget's  Sound,  Vancouver's 
Island;  and  Montery  stone.    The  speci- 
mens obtained  from  Vancouver  s  Island 
have  proved  that  Triceratium  has  been 
erroneously  considered  a  free  foi-m,  smd 
that  its  proper  position  is  with  Amphi- 
tetras and  Biddulphia;  the  specimens 
alluded  to  show  it  attached  to  Zoo- 
phytes, and  the  fi-ustules  connected  at 
the  angles  by  a  short  stipes  or  cushion, 
exactly  like  Amphiteti-as. 

T.  Montereyii  (Br.).— Sides  conca,ve  ; 
angles  rounded,  with  pseudo-nodules; 
cellules  minute,  largest  in  the  centre, 
which  is  much  inflated.  Br  MJ.  i.  p.  251, 
pi  4  i.  8.  Fossil.  Monterey  Bay.  This 
species  is  easily  distuiguishcd  from  1. 
arcticum  by  its  centi-al  boss  and  lai-ger 

cellides.  ^  ^  ■  m. 

T.  punctatum  (Br.).  —  Sides  straight , 
celhdes  large,  pimcta-like,  scattered, 
smaller  at  the  rounded  angles.  Br  MJ. 
iv.  p.  275,  pi.  17.  f.  18.  Arctic  Regions. 
(VI.  20.) 


5t  Angles  without  pseudo-nodules. 
T.  formosum  (Br.).  —  Sides  sHghtly 
concave ;  angles  obtuse,  without  pseudo- 
nodules  ;  cellides  very  minute,  fnicwliat 
radiating.  Br  MJ.  i.  p.  250,  pi.  4.  f.  10. 
Shell  cleanings  from  7/7V>f;««  mactdafvs. 
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Mr.  Brightwell  finds  tliis  species  varying, 
with  foui-  and  live  angles.  Tlie  front 
view  is  quadrate,  not  constricted,  the 
angles  produced  into  conical  processes, 
between  which  the  margin  is  neai'ly 
straight. 

T.  condecorum  (E.). — Sides  straight 
or  slightly  convex,  with  obtuse  angles  ; 
cellules  veiy  minute,  diverging  in  curved 
series.  Br  M J.  i.  p.  250,  pi.  4.  f.  12. 
Fossil.  Beimuda. 

T.  ohtusum  (E.). — Sides  very  convex; 
angles  roimded,  without  pseudo-nodules ; 
cellides  circular-,  scattered.  EM.  pi.  18. 
f.  48,  49.  Virginia. 

T.  Amhlyoceros  (E.). — Sides  concave ; 
angles  broadly  roimded,  without  pseudo- 
nodules  ;  ceUides  minute,  somewhat 
radiating.  EM.  pi.  18.  f.  51.  Vu'ginia. 
This  species  has  more  roimded  angles 
and  smaller  cellules  than  T.  ohtusu7n. 

T.  Reticulum  (E.). — Sides  straight; 
angles  subacute, without  pseudo-nodmes ; 
ceUides  minute,  numerous.  EM.  pi.  18. 
f.  50.  FossU,  America ;  recent  from 
sheH-cleaninga.  Front  view  with  a  nar- 
row, smooth  central  zone;  lateral  sm*- 
faces  not  constricted  beneath  the  slightly 
prominent  angles. 

T.  acutum  (E.). — Sides  nearly  straight; 
angles  elongated  into  points ;  cellules  not 
radiating.  Br  MJ.  i.  p.  251,  pi.  4.  f.  16. 
Bermuda.  T.  acutum  is  somewhat  tii- 
radiate  from  its  acuminated  angles. 

Doubtful  or  insuffidenfly  known  Species. 

T.  scitulum  (Br.). — "A  smaU  species, 
but  varying  in  size.  On  some  of  the 
frustules  I  have  reckoned,  on  an  end 
view,  about  45  cells  only ;  sides  very 
slightly  convex ;  angles  open.  Diam. 
1-350"."  Br  MJ.  i.  p.  250,  pi.  4.  f.  9. 
Indian  Ocean.  Vaiies  with  foiu"  sides. 
Except  in  its  smaller  size,  we  see  not  how 
this  species  differs  from  T.  Favus. 

T.  Africanum  (E.).  —  Sides  convex  ; 
angles  rounded;  ceUules  large,  in  radi- 
ating series.  EM.  pi.  .35  b.  19.  f.  1. 
Hecent.  West  Africa.  In  fomi  resem- 
bles T.  ohtusum. 

T.  comptum  (E.). — Sides  straight,  and 
having  a  marginal  fringe ;  angles  pro- 


longed into  short,  stout  spines ;  cellules 
large,  hexagonal.  Ro  M  j!  ii.  p.  283,  i.  2. 
England.  "The  cellular  markings  are 
as  large  as  in  T.  Favus,  and  I  am  rather 
doubtful  whether  it  may  not  be  a  young 
form  of  that  species;  but  the  length  of 
the  processes,  and  fringe-lOre  row  of  cells 
at  the  margin,  appear  to  give  it  a  di- 
stinctive character  "  (Roper). 

T.  crassum  (Sh.).  —  "Much  smaller 
than  T.  contortum.  Is  characterized  by 
the  reticulations  being  coarse  and  iiTe- 
gidar  in  form,  and  the  horns  very  lai'ge 
as  compared  with  the  size  of  the  valve." 
Sh.  in  TMS.  ii.  p.  15.  Natal. 

T.  hyalinum  (Br.).  —  "  Small,  trans- 
parent, surface  vsdth  very  minute  dots  or 
cellules;  sides  regular  and  sti-aight." 
Br  MJ.  iv.  p.  275,  pi.  17.  f.  16.  Barbadoes. 
=  T.  Reticulum. 

T.  arcuatum.  —  Sh  TMS.  ii.  pi.  1.  f.  5. 
Natal.  The  figm'e  resembles  that  of  T. 
Pileus,  but  without  pseudo-nodules.  It 
is  probably,  however,  the  same. 

T.  exiguum  (Sm.). — Triradiate :  angles 
elongated  into  Unear  truncated  pro- 
cesses ;  cellules  very  minute,  scattered. 
SB.  ii.  p.  87;  Br  MJ.  iv.  p.  274,  pi.  17. 
f.  1.  Fresh  water.  Ormsby,  Norfolk. 
(VI.  14.) 

T.  Pentacrinus  (Wallich).  —  Valves 
slightly  convex,  with  5  angles,  with 
a  short  horn  at  each  angle.  Surface 
spinous,  divided  into  compai-tments  by 
anastomosing  lines  or  costa3,  which  radi- 
ate irregularly  fr-om  the  centre.  Var.  /3 
with  4  angles,  y  with  6  angles.  Wallich, 
MJ.  vi.  p.  251,  pi.  12.  f.  10-14.  St. 
Helena.  We  scarcely  see  how  this  form 
differs  from  Amphitetras  ornata  of 
Shadbolt. 

T.  dubium  (Br.).  —  Valve  minute, 
clypeate,  with  6  angles,  the  lower  one 
much  produced;  siu-face  of  valve  coarsely 
j^unctate.  Br  MJ.  vii.  p.  180,  pi.  9. 
i.  12.  Maiuitius,  CalLfomian  guano, 
India.  "  We  place  this  form  (which  is 
not  of  luifr'equent  occmTence)  pro%a- 
sionally  among  the  Triceratia.  '  It  pro- 
bably forms  the  type  of  a  new  genus  " 
(Br.  I.  c). 

T.  3fal/em,  Br  MJ.  vi.  p.  164,  pi.  8. 
f.  6.    Not  Diatomaceous  ? 


Genus  A^IPHITETRAS  (Ehr.).  —  Frustules  ccUiilosc,  cubiform,  cohering 
into  a  zigzag  attached  filament ;  in  lateral  view  quadrangular,  ^vith  a  pseudo- 
opening  _  at  each  angle.  Since  Mr.  Brightwell's  discovery  of  quadrangular 
states  of  Triceratium,  the  only  remaining  distinction  between  that  genus  and 
the  present  is,  tliat  in  this  the  frustules  form  catenate  attached  filaments ; 
but,  according  to  Professor  Bailey  (as  already  noticed),  even  this  character  is 
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not  confined  to  AmpWtetras.  Professor  Smith,  indeed,  remarks,  "  The  pro- 
iection  of  the  connecting  membrane  beyond  the  suture  of  the  valve  is  a  cir- 
cumstance which  meets  us  for  the  first  tune  in  Amphitetras ;  but  we  believe 
that  this  occui-s  in  every  genus  in  which  the  new  portions  of  the  di^^dmg 
frustules  are  formed  within  the  persistent  central  portion,  and  m  this  respect 
there  is  no  perceptible  difference  between  Triceratium  and  Amplntetras  As 
some  species  ha^e  been  placed  in  Amphitetras  solely  on  account  of  therr 
quadrate  form,  the  correctness  of  their  position  is  consequently  not  free  from 
doubt. 


Amphitbtbas  antediluviana  (E.)-  — 
Lateral  view  with  sti-aight  or  concave 
margins;  angles  rounded,  each  with  an 
apparent  opening;  ceUules  large,  radiat- 
i£^,  and  concentric.  Living,  Denmark, 
England,  America,  &c. ;  fossil,  Ora,n, 
Greece.  (xi.  21,  22.)  A.  tessellata, 
Sh  TMS.  li.  /3,  sides  very  concave; 
the  cellules  on  the  central  portion  are 
smaUer,  and  arranged  in  longitudinal 
linos 

A.'  Adriatica  (K.).- "  Lateral  view 
quadrate;  cellules  radiating  and  con- 
centric; primary  sides  plane.  KbA. 
p.  134.    Adi-iatic  Sea.  .    ,  ^  i 

^  K.parallela  (E.).-CeUules  m  lateral 
view  large,  arranged  in  parallel  Imes. 
Fossil.  Greece. 

K.crucifera  (Kitton,  n.  sp.).— Valves 
punctate,  and  marked  by  a  line  passmg 
&om  the  centre  to  each  angle.  Front 
Tiew  deeply  constricted  on  either  side  ot 
connecting  zone.  Valves  mmute,  with 
slightly  convex  sides,  and  produced 
^?nmJfoi-m  angles.  Cleanings  of  sheUs 
from  West  Indies.  Distmgmshed  by 
the  crucifoi-m  lines  of  the  valve,  which 
taper  from  the  centre  to  the  angles, 


where  they  terminate  in  points.  Wo 
have  seen  4  or  5  fr-ustules  connected  by 
the  angles. 

Doubtful  or  imperfecthj  knoum  Species. 

A.  ornata  (Sh.).— "  Size  small,  mar- 
gins concave,  and  folded  so  that  each 
valve  is  not  unlike  ia  form  to  a  col- 
legian's cap  ;  sm-face  somewhat  m-egu- 
larlv  ornamented  with  delicate  vem-hke 
markings."  TMS.  ii.  p.  16,  pi.  1.  f •  10. 
Natal.  Var.  |3,  with  5  angles,  (vin.  Lb.) 
This  is  probably  a  state  of  some  vemed 
species  of  Triceratium. 

A.  favosa  (Rarx.  &  Bail.).— "  Sides 
scarcely  concave  ;  lateral  view  quadi-an- 
OTilar;  angles  abnost  sti-aight,  scarcely 
produced;  surface  tesseUated  with  large 
hexao-onal  cellules."  Proc.  of  Acad,  of 
Philadelphia,  1853.  Mmdaaao. 

A.  Crux  (Bri.).  —  Valves  cnicrfoi-m, 
with  the  angles  widely  rounded;  siirface 
coarsely  pimctate.  Cleanings  from  sheUs, 
West  Indies ;  Califomian  guano.  Bn 
JMS.  vii.  p.  181,  pi.  9.  f.  .l3.  This  may 
be  a  4-angled  vai-.  of  Tnceratium  castel- 
latum  or  T.  trisulcum. 


Ai^PTTTPFNTAS  (Ehr.).— Frustules  free,  simple,  ceUulose  or  gra- 

A.fiexuosa  (B.  MS.).  — Sides  four  or 
five,  gibbous;  angles  conical;  smface 
flat  cellules  hexagonal,  covered  by 
minute  pimcta.  Gulf-sti-eam.  O^- .■^^•) 
From  drawings  by  Professor  Bailey. 
"Under  a  low  power,  the  markings 
appear  circulni-,  as  represented  m  the 
fieau-es"  (B.).  The  margins  are  undulated 
uT  consequence  of  their  gibbous  prqiec- 
tions,as  m  TriceratumParmuIn,mid  may 
be  4-  and  5-angled  forms  of  that  species. 


Amphipentas  alternans  (E.).— -Sides 
concave;  angles  obtuse;  the  angles  of 
the  external  pentagon  alternating  with 
those  of  a  smaller  centi-al  one,  which  has 
n  circular  umbo  at  its  middle.  ii-A. 
p.l34rEA.p.l22,  pl.2.6.f.9.  Cuba. 

^^Kplntacrinus  (E.).— Pentagonal ;  its 
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external  resemblance  of  their  solitary  frustules,  we  believe  them  to  differ 
essentially  in  structure.  In  Striatelleae  the  septa  ai'e  longitudinal,  and  divide 
the  central  portion  into  chambers.  In  Terpsinoea)  they  are  transverse  and 
confined  to  the  lateral  portions,  which  appear  in  the  front  view  as  in  Biddul- 
phieffi.  The  relation  of  Tei-psinoese  to  the  latter  was  pointed  out  by  Mene- 
ghini.  The  smooth  frustules  and  straight  lateral  margins  without  processes 
distinguish  the  Terpsinoeae. 

Genus  ANATJLUS  (Ehr.). — Frustules  simple,  subquadrate,  smooth  ;  septa 
lateral,  imequal,  not  thickened  at  their  extremities ;  lateral  view  oblong. 
Ananlus  resembles  Biddulphia,  but  its  costae  or  septa  are  unequal,  and  it  has 
no  tubulai-  processes.  A  genus  of  MoUusks  has  been  also,  but  more  recently, 
called  Anaulus. 


Anaultjs  scalaris  (E.).  —  Tm-gid  in 
the  yoimg  state;  but  when  full-grown 
very  wide  and  much  flattened,  having 
4,  6,  8,  or  14  lateral  constrictions ;  late- 
rally oblong  with  transverse  bars,  giving 
it  a  ladder-like  appearance.  EM.  pi.  35  a. 
22.  f.  1,  2.  Antarctic  Sea.  Diam.  1-480" 
to  1-180".  The  lateral  valves,  in  the 
front  view,  have  imdulated  margins. 


caused  by  the  constrictions,  (vm.  37.) 

A.  Campylodiscus  (E.).  —  Quadrangu- 
lar ;  each  valve  veiy  much  compressed, 
triangular,  with  obtuse  angles,  and  hav- 
ing laterally  two  slight  constrictions. 
Bermuda.  Diam.  1-372".  It  has  the 
habit  of  an  imequal-sided  Triceratium  or 
of  a  Campylodiscus. 


Genus  TEEPSIKOE  (Ehr.). — Fi-ustules  concatenate;  costse  unequal,  capi- 
tate, curved  so  as  to  resemble  musical  notes.  "  If  we  imagine  a  series  of 
frustules  of  Tabellaria  joined  together,  not  laterally,  but  the  head  of  one  to 
that  of  another,  or  in  the  direction  of  breadth  instead  of  length,  we  shall 
form  the  most  just  idea  of  this  genus  "  (Ehr.).  The  capitate  costae,  which 
in  their  form  so  greatly  resemble  musical  notes,  distinguish  Terpstaoe  from 
every  other  genus. 

"We  unite  Tetragramma  with  Terpsinoe,  as  Professor  Bailey  finds  the 
"music-Hke  notes"  vary  ia  number  from  two  to  at  least  eight  on  a  side, 
and  does  not  consider  their  number  even  specifically  important. 


Tebpsinoe  musica  (E.).  —  Frustules 
finely  pimctated,  with  two  or  three  trans- 
verse oands,  the  lateral  valves  having 
costse  in  each  division ;  lateral  view  ob- 
long, showing  two  or  three  inflations  and 
narrower  rounded  ends.  EA.  pi.  3.  4.  f.  1 ; 
Eab  D.  1. 10.  America,  Africa,  (xi.  47.) 
Frustules  with  finely  punctated  lateral 
portions,  between  which  the  central  zone 
(having  two  pimcta  at  each  end)  appears 
like  a  band.  Two  or  three  bars  cross 
lateral  and  central  portions  from  one 
lateral  margin  to  the  other,  and  divide 
them  obscurely  into  compartments.  The 
lateral  view  has  the  margins  sinuated, 
from  constrictions  corresponding  with 
the  ti'ansverse  bands. 

T.  Americana  (Bailey).  —  Fmstules 
quadrangvilar,  resembling  those  of  T. 
musica,  but  smaller,  more  minutely  punc- 
tate, with  two  transverse  bars  and  two 
costse  in  each  lateral  valve.  =  Tetra- 
gramma Americana,  Bail.  Smithsonian 
Contr.  1853,  p.  7.  f.  1.    As  in  T.  musica, 


the  costfe  resemble  notes  of  music,  but 
ai-e  confined  to  the  central  compaiiments 
of  the  valves.  In  the  lateral  view  it 
resembles  the  preceding  species,  but  has 
fewer  cross-bars. 

T.  Indica  (E.,  Kiitz.).  —  Frustides 
subquadi-ate  (catenated.?),  compressed, 
two  or  foiu-  times  constricted;  lateral 
valves  densely  gi-anulate,  central  portion 
smooth,  with  two  puncta  at  each  end ; 
median  costse  dilated  at  the  end.  KSA, 
p.  119.  =  Anaultts  Indicm,  E.  India, 
frequent. 

T.  Javanensis  (EM.  pi.  34.  8.  1 16).  — 
The  figiu-e  resembles  1\  musica ;  but  the 
central  portion  is  marked  by  longitudi- 
nal lines,  which  converge  at  each  end. 

Species  known  to  us  only  by  name, 

T.  Asiatica,  Asia.  =  Tetragramma  Asi- 
atica,  E. 

T.  Japonica  (E.),  Japan. 

T.  Ausiruhs  (E.),  Sandwich  Islands. 
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very  small.  According  to  Ehrenber^,  it 
approaches  T.  musica  iu  form.  Brazil. 


T.  Libyca  =  Tctragramnia  Libycum, 
Africa.  , 
T.  Brasiliensis  (E.).— Music-Kke  marks 

Genus  PLEUEODESMIUM  (Kiitz.),  —  Frustules  compressed,  connected 
in  fascia-like  filaments  by  short  thread-Kke  processes;  lateral  portions 
punctated  and  furnislied  with  music-like  marks,  the  hyaline  central  smoother 
portion  forming  a  band  between  them.  _ 

Although  Pleurodesmium  was  placed  by  Professor  Kutzmg  m  a  ditterent 
family  from  Terpsinoe,  yet  these  genera  appeared  to  us  so  closely  aUied  that 
we  found  it  difficult  to  distinguish  them,— a  difficulty  experienced  also  by 
Mr  Tuffijn  West  on  examining  an  authentic  specimen  of  Pleurodesmium 
given  us  by  our  valued  friend  M.  de  Brebisson,  which,  however,  was  unfor- 
tunately not  in  a  condition  to  afford  a  satisfactory  examination. 

The  fr-ustules,  as  in  Terpsinoe,  agree  with  the  Biddulphieae  in  having  the 
lateral  valves  largely  developed  and  entering  into  the  front  view ;  they  are 
furnished  with  costffi,  enlarged  at  the  ends  and  resembling  notes  of  music 
M  de  Brebisson  thinks  this  genus  very  distinct,  the  frustules  bemg  connected 
in  straight  series  by  thread-like  points  of  attachment  proceeding  from  the 
furrows;  but  these  he  informs  us  are  ve^y  short  indeed,  for  which  reason 
Kiitziug,  like  ourselves,  seems  to  have  overlooked  them 


(vi.  23.)  Lateral  view  oval,  having 
ti-ansverse  bars  and  imdulated  sides. 


stout,  pinna-Uke  septa.  Lateral  view 
seniilauceolate,  constricted  at  each  sep- 
tiun,  and  therefore  having  as  many 
undulations 
(vin.  30.) 


as  loculi;   ends  rounded. 


PLETTBODESMiTrM  BreUssouii  (Kiitz.). 
—Frustules  conti-acted  at  their  junction ; 
costEe  rugose.    KSA.  p.  115.  Cayenne. 

Genus  EUNOTOGRAMMA  (Weisse).— Front  view  as  in  Anaulus  ;  lateral 
view  lunate,  with  undulated  dorsal  and  ventral  margins  Dr.  Weisse  observes 
that  in  the  front  view  Eimotogramma  resembles  Gomphogramma,  aiid  m  the 
lateral  one  Eunotia  (Epithemia  ?).  In  both  instances,  l^^^^^f '  ^^^^^^^7" 
blance  is  evidently  vei^  superficial,  and  does  not  reqim-e  the  distmckons  to 
be  pointed  out.  The  genuJ  doubtless  belongs  to  the  Teipsmoese,  and  seems 
to  differ  from  Anaulus  only  in  the  lunate  form  of  the  side  view. 

EimoTOGBAMMA  tri-  qumque-  septem-  \  row  connecting  zone,  and  lateral,  equal, 
et  novemloculata  (W eisse).— Lateral  view 
divided  by  two,  four,  six,  or  eight  trans- 
verse septa  into  three,  five,  seven,  or 
nine  loculi.  Weisse,  Bulletin  de  I'Acad. 
de  St.  Petersbom-g,  xiii.  p.  278,  t.  3.  f  37. 
Fossil.  Russia.  Front  view  with  a  nar- 

FAMILT  XIII.— CH^TOCEREtE. 

Frustules  smooth  or  faintly  punctated,  simple  or  united  into  awned  fila- 
ments ;  lateral  valves,  in  the  nonfilamentous  forms,  usuaUy  unequal  inflatcc^ 
bbed  and  often  frimished  with  bristles  or  other  appendages ;  lateral  view 
ovS  or  circular.    Marine,  mostly  fossU.    Until  Mi-.  BrightwpU  pointed  ou 
?W  true  aWty,  the  genera  included  in  this  group  were  distributed  amongst 
faSr    Between  Syndendrium  and  the  .bigulifere^B  we  ean  perceive 
n^reseiXnce  ;  but  the  connexion  of  Chretoceros  with  the  Biddulphieo,  and 
?he  othTgenem  with  the  Melosii-e»,  is  far  more  plausible.    In  Stephano- 
pvxis  a  true  member  of  the  latter  family,  the  valves  ai;e  crowned  w.th 
fi'c  J  «i.inPS  as  in  some  Chcotocerea^.    In  Melosii-ete,  however,  aU  the 
bristles  ^^^^'^'^VcvLdiical,  whereas  in  tliis  family  the  shape,  m  the 
w     Wiow  t  miicli  oto^^^       than  circular.    Although  it  is  not  difficult 
If  ;lrout  d^^^^^^^  the  Ch^tocere.  and  other  groups,  yet.  on 


OF  THE  CHiETOCEKEJS.  861 

account  of  the  vai-ioty  in  tlieii-  forms,  we  confess  our  inability,  in  the  present 
state  of  oiu-  knowledge,  to  give  a  concise  definition  which  shall  include  its 
own  members  and  exclude  all  others.  We  shall  therefore  content  oui-selves 
with  pointing  out  those  characters  which  will  enable  us  to  recognize  with 
tolerable  certainty  those  Diatoms  which  belong  to  it.  The  filamentous  species 
differ  by  their  awns  so  much  from  every  other  genus  that  they  cannot  be 
mistaken.  Mr.  Brightwell,  in  his  excellent  paper  on  Chsetoceros,  regards 
this  as  the  typal  state :  he  says,  "  A  careful  examination  of  most  of  the 
species  of  Chsetoceros  and  other  allied  genera,  described  by  Ehrenberg  as 
found  in  a  fossil  state,  have  satisfied  us  that  most,  if  not  all  these,  wiU,  when 
foimd  in  a  living  state,  tui-n  out  to  belong  to  the  singiilar  filamentous  and 
horned  gi-oup  which  may  for  the  present  be  comprehended  in  the  genus 
Chtetoceros."  Those  forms  also  which  have  dissimilar-shaped  valves,  espe- 
cially when  lobed  or  hirsute,  may  be  safely  placed  here ;  and  it  is  very  pro- 
bable that  some  species  with  imequal  valves,  still  retained  in  Melosirese, 
might  likevdse  be  included  with  propriety. 

The  genera  themselves  are  by  no  means  firmly  established ;  for,  as  Mr. 
BrightweU  observes,  "  most  of  the  described  species  have  been  found  only  in 
a  fossil,  or  rather,  if  we  may  so  term  it,  a  deposit  state ;  and  in  this  state  it 
is  clearly  difficult  to  form  a  correct  idea  of  either  species  or  genera,  since 
deposits  give  no  information  as  to  the  Diatoms  being  in  threads  or  solitary 
frastules."  We  shall  not  attempt  to  reconstruct  the  genera,  for  to  do  so 
prematurely  would  only  increase  the  difficulty  and  cause  confusion;  for 
"  much  must  yet  be  brought  to  light  before  a  satisfactory  classification  of  this 
group  can  be  effected  "  (BrightweU).  Although  only  a  few  species  have  as 
yet  been  gathered  in  a  living  state,  yet,  as  most  of  them  are  found  in  guano, 
it  is  probable  that  nearly  aU  still  exist ;  and  when  their  habits  are  better 
known,  we  may  fairly  expect  to  obtain  them.  They  seem  to  inhabit  deep 
water,  as  Mr.  Norman  has  met  with  them,  more  than  once,  in  the  stomachs 
of  Ascidise  from  such  situations. 


Genus  CMTOCEEOS  (Ehr.).— Frastules  without  stri«,  united  with  the 
adjacent  ones  by  the  interlacing  on  each  side  of  awns  proceeding  from  the 
frustule  or  from  a  cingulum  between  the  frustules,  and  so  forming  a  filament. 
The  filaments  are  imperfectly  silicious  and  very  fragile.  The  awns  ai-e  tubular, 
sometimes  spinous  or  serrated,  and  often  of  great  length,  though,  according 
to  Kutzmg,  short  in  an  early  state.  Kiitzing  defines  the  genus  as  follows  — 
"  Frustules  concatenated,  equaUy  bivalved,  tui-gid,  with  two  apertures  "on 
each  side,  which  at  the  earUest  period  are  very  shortly  tubular  and  the  cor- 
puscles contiguous,  afterwai'ds  longly  awned  and  the  corpuscles  distant." 
If  the  awm  be  overlooked  or  broken  off,  the  frustules  may  be  mistaken  for 
species  of  Melosira.  No  person  who  wishes  to  study  this  beautiful  but  difii- 
cult  genuB  should  fail  to  obtain  Mr.  BrightweU's  valuable  paper  on  it  in  the 
Journal  of  Microscopic  Science. 

species  "  (Bai.  m  lit).  In  the  front  view 
the  fi'ustules  are  linear,  tlu'ee  or  four 
times  as  long  as  broad,  with  stout  awns 
arising  from  the  angles.  Lateral  view 
panduriform,  with  romided  ends. 


*  Fnistules,  in  lateral  view,  constricted  at 
the  middle. 

CiL^TOCEnos  Diplonds  (E.). — Pins- 
tules  in  lateral  view  pandurifomi,  in 
front  view  linear ;  awns  smooth.  KSA 
p.  138 ;  EM.  pi.  3.3.  18.  f.  1 ;  Bai.  in  Amei-; 
Joum.  of  Science,  xlviii.  pi.  4.  f.  19  (la- 
teral view).  =  C.  Bacillaria,  Bai.  I.  c.  I  18 
•  (front  view).  Bermuda  deposit.  "  C7)(c- 
toceros  Diploneis  and  C.  Bacillaria  are 
merely  different  positions  of  the  same 


2  *  Frusttdes  laterally  oval  or  circidar ; 
awtis  spinous. 

C.  ftoreafe  (BaU.). — Frustules  quadrate ; 
awns  very  long,  spinous,  ai'isuig  from 
the  inner  siu'face,  not  from  the  angles 
BC.  1854,  pi.  7.  f.  22,  23;  Bri  JMS  iv. 
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p.  107,  pi.  7.  f.  12-15 ;  WaUich,  TMS.  viii. 
p.  48,  pi.  2.  f.  18 ;  West,  TMS.  viii.  p.  152, 
pi.  7.  f.  13.  St.  George's  Bank,  Atlantic 
Ocean,  (vi.  25.)  "  This  species  was 
found  in  considerable  numbers  in  the 
contents  of  the  stomach  of  the  Botryo- 
dactyla  grandis."  Awns  30  to  50  times 
longer  than  the  body. 

C.  Peruvianum  (Bri.).— Valves  hemi- 
spherical, with  two  very  stout,  long, 
recurved,  spinous  awns  proceeding  from 
the  centre  of  the  rounded  ends.  Br  JMS. 
iv.  p.  107,  f.  16-18.  In  Peruvian  guano. 
A  remarkable  and  very  distinct  species, 
characterized  by  the  rounded  apex  of 
the  valve.    Lateral  view  circular  ? 

3*  Frustules  laterally  oval  or  circular: 
awns  smooth. 

0.  TetrachcBta  (E.).  —  Frustides  with 
four,  very  long,  filifoim,  smooth  awns  on 
each  side.  KSA.  p.  138.  Antarctic  Sea. 
Diam.  vsdthout  the  awns,  1-1152  . 

C.  Dichata  (E.).— Frustules  with  two, 
very  long,  filiform,  smooth,  often  flexu- 
ose  awns  on  each  side.  KbA.  p.  ido. 
Antarctic  Sea.  Diam.  without  the  awns, 
1-1152"  to  1-720".  The  description  is 
too  imperfect  to  enable  us  to  distin- 
guish the  species  from  some  of  the  loi- 

lowing  ones.  -tl.   j.  i  „ 

C.  confervoides  (n.  sp.).  —  Frustules 
large,  quadrate  ;  awns  stout,  smooth, 
arisiilg  a  little  beneath  the  rounded 
angles ;  lateral  view  circular.  Mount  s 
Bay  (stomach  of  Ascidise),  ComwaU 
We  have  seen  only  one  concatenated 
specimen;  it  formed  a  short,  very  fra- 
gile, confei-va-like  filament  of  about  12 
loints,  which  were  equal  in  length  and 
breadth  and  in  close,  apposition.  Internal 
colouiing  matter  brownish,  and  collapsed 
into  a  roundish  spot  in  the  centee  oi 
each  frustule. 

0.  Wighamii  (Bn.).—"  Frustules  cup 
shaped,  with  a  band  round  the  mouth  ot 
the  cup,  and  a  neck  or  bulb  proceedmg 
from  the  centie ;  beset  with  minute  short 
spines  or  papillae  in  aU  parts  except  the 
band;  lateral  view  oval;  awns  elon- 
gated BHiooth."   Br  MJ.  iv.  p.  108  pi.  7, 
f  19-36    In  brackish  water,  near  Brey- 
don,  Great  Yarmouth.   "  Boiled  in  acid, 
the  filaments  break  up,  and  the  fi-ustides 
ia  an  isolated  state,  and  detached  rings 
with  the  horns  proceeding  from  them, 
Te  aU  that  can  be  detected.    The  rmgs 
Sav  readily  be  distinguished  from  the 
Sules  seL  endwise,  as  ijey  ^e  open 
and  without  dots,  w|iile  the  f^^^^^^^ 
seen  endwise  are  dotted     (Bn.;.  vve 


have  seen  no  perfect  specimen  of  this 
interesting  species ;  but  as  Mr.  Bright- 
well's  fig.  12  shows  two  joints  sunilar 
to  other  species  of  this  genus,  we  are 
inclined  to  regard  the  Goniothecia-like 
bodies  as  internal  cells,  of  the  same 
nature  as  the  internal  cells  of  Himan- 
tidium,  Meridion,  &c.,  which  we  believe 
to  be  sporangia;  but  whatever  their 
true  character  may  be,  we  have  scarcely 
a  doubt  that  Mr.  Brightwell  is  right  in 
supposing  Goniothecium  crenatum,  G.  his- 
pidum,  G.  Navicula,  and  G.  barhatum  to 
be  allied  fomis  belonging  to  the  same 
genus  as  this  species,   (^n.  24.) 

C.  incurmm  (BaU.).  —  Frustules  in 
front  view  linear,  with  smooth,  filiform, 
recurved  awns  arising  from  the  angles ; 
lateral  view  oval.  Bri.  I.  c.  pi.  7.  £  9-11. 
Fossil.  Virginia,  Pemvian  guano.  In 
stomach  of  Ascidise,  Penzance.  Easily 
known  by  its  small  size  and  slender 
recurved  awns. 

C.  furcillatum  (Bail.). — Awns  of  ad- 
joining fi-ustules  closely  approximate 
below,  then  divergmg  and  becoming 
nearly  parallel ;  lateral  view  oval.  Bai. 
on  Microsc.  Foi-ms  in  the  Sea  of  Kamt- 
schatka,  p.  3,  pi.  1.  f.  4.  Common  in  the 
Sea  of  Kamtschatka.  The  minutest  spe- 
cies in  the  genus. 

C.  didymus  (E.).  —  Frastules  longer 
than  broad,  gibbous  or  angular  on  the 
outer  margin,  and  usually  slightly  so  on 
the  inner  mai'gin  also;  awns  smooth, 
filiform,  arising  fi'om  the  angles.  Bri. 
I.  c.  pi.  7.  f.  3-7 ;  KSA.  p.  138 ;  EM.  t.  35  a. 
18.  f  4.  Common  in  Peruvian  guano. 
Stomach  of  Ascidise,  Penzance.  A  va- 
riable species,  distinguished  by  its  angu- 
lar or  gibbous  mai-gins;  lateral  view 
oval.  Ehrenberg's  two  figures  in  the 
'Microgeologie'  differ  fi-om  each  other, 
as  well  as  fi-om  any  specimens  we  have 
seen.    Greatest  diameter  1-1080". 

C.  Gastridmm  (E.,  Bri.).— Frustules 
binate,  smooth,  ti-ansversely  oblong, 
truncated  at  each  end,  abruptiy  dilated 
at  the  middle  of  the  venti-al  sm-face,  not 


contiguous,  Bri.  I.  c.  pi.  7.  f.  8.  =  Gomo- 
thecium  Gastridium,  EM.  pi.  18.  f.  91. 
Virginian  guano.  Ehrenberg  descnbes 
and  figures  it  with  an  external  umbo 
(gibbous),  thus  approaching  to  C.  didy- 
mus. ^     ^     ,  , 

C.  armatum  (West).— Frustules  qua- 
di-angular,  forming  a  compressed  fila- 
ment ;  angles  excavated ;  fr-oni  each  angle 
arises  a  long,  obtuse,  curved  seta,  with 
several  acute  ones  at  the  base.  West, 
TMS.  viii.  p.  151,  pi.  7.  f.  12.  Abundant 
on  various  parts  of  the  coast  of  England. 
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Tins  species,  in  its  living  state,  is  in-   stance  which  has  caused  many  doubts 
vested  with  a  mucous  covering,  and  is   as  to  its  diatomaceous  natixre. 
scai'cely,  if  at  aU,  silicious, — a  circum- 

Genus  ATTHEYA  (West). — Pnistules  compressed,  annulate ;  annuli  inde- 
finite ;  valve  elliptical-lanceolate,  with  a  median  line  ;  angles  spinous.  The 
time  position  of  this  genus  is  doubtful ;  but,  from  examination,  it  appears  to 
approach  nearer  to  Chaetoceros  than  to  any  other  genus  excepting  Striatella, 
from  which,  however,  it  is  easily  distinguished  by  the  spinoujs  angles  and  ab- 
sence of  stipes. 

Attheya  decora  (West). — Annuli  12 
to  28 ;  septa  alternate ;  valve  with  me- 
dian line  and  central  nodide.  West, 


TMS.  viii.  p.  152,  pi.  7.  f.  15.  CressweU 
Sands,  Drimdge  Bay.   (vm.  35.) 


Genus  BACTERIASTRFM  (Shadbolt).— Frustules  awned,  united  into  a 
jointed,  conferva-like,  cylindrical  filament;  valves  discoidal,  with  marginal 
radiating  avras.  Bacteriastrum  agrees  with  Chaetoceros  in  its  filamentous 
character  and  in  the  presence  of  awns,  but  differs  from  it  in  having  the  awns 
of  its  discoidal  valves  marginal  and  radiant.  Marine.  Stomachs  of  marine 
animals,  &c. 


Bactebiastktjm  furcatum  (Sh.).  — 
Awns  smooth,  much  elongated,  forked. 
=Actmisais  sexfurcatm,  ERBA.  1854, 
p.  237 ;  EM.  pi.  35  b.  4.  f.  15 ;  A.  bisepte- 
narius,  E. ;  A.  bisoctonarius,  E.  Atlantic. 
The  awns  vary  in  nmnher  and  in  the 
length  of  the  forked  portions,  (vi.  26.) 

B.  curvatum  (Sh.).  —  Awns  simple, 
elongated,  smooth,  symmetrically  curved 
in  one  direction. 


B.  WalUchii  (RaLfs). — Valves  more  or 
less  cup-shaped,  with  4  to  12  smooth, 
simple,  divergent  awns.  =  Clicetoceros 
Bacteriastrum,  Wallich,  TMS.  viii.  p.  48, 
pi.  2.  f.  16, 17.  Atlantic.  From  Salpte. 
Size  extremely  variable,  (vi.  27.) 

B.  nodulomm  (Sh.).  —  Awns  simple, 
straight,  rough. — Avras  covered  with 
small  protuberances,  like  a  knobbed 
stick. 


Genus  DICLADIA  (Ehr.). — Frustules  simple,  one-celled,  bivalved ;  valves 
unequal,  turgid,  one  mostly  simple  and  unarmed,  the  other  two-homed ; 
Loms  sometimes  branched. 


DiCLADiA  Capreolus  (E.). — One  valve 
with  two  styles  arising  from  conical 
bases,  and  usually  branched  at  the  end. 
EM.  pi.  35  A.  17.  f.  8 ;  Bri  JMS.  iv.  pi.  7. 
f.  5.3-60.  Virginia.  Common  in  guano. 
The  frustule  consists  of  a  naiTow-linear 
central  portion,  projecting  at  each  end, 
and  two  turgid  lateral  valves,  which 
vary  greatly  m  form.  Usually  the  in- 
ferior one  is  smaller,  simple,  and  rm  armed, 
but  is  often  bUobed.  The  larger  valve  is 
bilobed ;  the  lobes  mammiform  or  conical, 
each  terminatbig  in  a  style  divided  at  its 
apex;  occasionally,  however,  specimens 
have  the  upper  vfJve  unarmed  or  simple. 

D.  aidennata  (E.).  —  One  valve,  with 
two  simple,  setaceous,  parallel,  acute 
spines,  articulated  at  the  base,  like  an- 
tennae ;  the  other  valve  unknown.  EM 
pi.  35  A.  21.  f.  9 ;  KSA.  p.  24.  Antarctic 
Sea.  ^  This  and  the  next  species  were 
constituted  from  single  fi'agments. 

_D.  bidhnsa  (E.).— One  valve  with  two 
spines,  which  are  divergent  at  the  base, 


connivent  above,  bulbose  and  slightly 
sulcate  in  the  middle  part;  the  other 
valve  imknown.  EM.  pi.  35  a.  21.  f.  10 ; 
KSA.  p.  24.    Antarctic  Sea. 

D.  clathrata  (E.).  —  Fi'ustiile  with  a 
roimded,  smooth,  latticed  body,  and  two 
imequal  frontal  horns.  EM.  pi.  18.  f.  100 ; 
KSA.  p.  25.    Fossil.  Virginia. 

_D.  Copra  (E.). — Smooth;  one  valve 
with  two  simple  spines,  the  other  uni- 
dentate  or  imperfectly  sub-bidentate  in 
the  middle ;  centi-al  portion  naiTow- 
Imear.  EM.  pi.  18.  f.  99.  =  Feriptera 
Capra,  KSA.  p.  26.    Fossil.  Virginia. 

D.  Cervus  (E.).  —  Smooth,  large  ; 
frontal  homs  long,  branched. =P«v;)Cem 
Cervus,  KSA.  p.  26.   Fossil.  Mainland. 

D.  Mitra  (Bai.). — Valve  having  two 
conical  horns  coalescing  below  into  a 
conical  base,  and  bearing  branched  pro- 
cesses above.  B.  in  Sillimau's  Amer. 
Joru-n.  July  1856,  pi.  1.  f.  6.  Sea  of 
Kamtschatka.  Perhaps  a  state  of  D. 
Capreolus. 
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Genus  GONIOTHECIUM  (E.).— Frustules  simple,  having  a  central  con- 
striction or  fiuTow ;  eacli  end  abnxptly  attenuate  and  truncate,  so  as  to  assume 
an  angular  figm-e.    Fossil.    Like  other  genera  in  this  family,  this  is  an  un- 
satisfactory genus.  The  frustules  are  described  as  cyhndncal ;  but  we  beheve 
that  most,  if  not  aU  of  them,  are  oval  when  viewed  latcraUy.  _  Mr.  BnghtweU 
makes  the  foUowing  remarks  on  eight  of  Ehrcnberg's  species:-  Ihe  two 
largest  and  most  common  are  G.  Bogersii  and  G.  Odontdla-  and  we  think  it 
probable  these  will  turn  out,  if  discovered  in  a  recent  or  living  state,  to  be 
Chtetoceri.    Of  the  remaining  six  species,  we  are  led  to  conclude,  from  the 
discovery  of  the  Breydon  species,  that  two  of  them  belong  to  the  genus 
Soc3os,  and  are,  when  living,  filamentous.    They  are  G'.  Gapr^d^urn  d 
wHch  we  have  found  many  specimens  with  the  horns  perfect,  and  G 
A  flgm-e  of  a  frustule  of  this  species  is  given  in  the  '  Microgeologie  of  Ehxen- 
berg,  and  it  can  scarcely  be  distinguished  from  the  frustules  of  the  Breydon 
spedes.    G.  Mspidum  and  G.  dklymum  scarcely  appear  to  differ  from  some  of 
tfe  smaUer  frus'tules  of  the  Breylon  species     G.  m..^a  and  ^•^-^^2 
are  clearlv  allied  to  G.  erenatum,  or  our  Breydon  species.     The  species  diflei 
rform  and  sometimes  do  not  correspond  with  the  generic  character.  G 
GciZlCmiE.)  is  proved  by  Mi-.  BrightweU's  discovery  of  its  awns  to  be  a 
species  of  Chsetoceros 


GoNiOTHECiuM    Odontdla    (E.).  — 
"Valves  binate,  smooth,  conjoined  by  a 
centi'al  process,  and  by  then-  connivent 
apices,  so  as  to  foi-m  on  each  side  a 
large  oblong  aperture,  constricted  at  its 
middle ;  margin  undulate.  EM.  pi-  i-O. 
f.  16 :  kSA.  p.  23 ;  Bri  JMS.  v.  pL  7. 
f  47  48.    Virgmia.    Diam.  1-480"  to 
1-276".    Distinguished  by  its  large  size 
and  undulated  margin,  the  central  un- 
dulation forming  an  umbo  ;  lateral  view 
oval.  (VI.  29.)  ^        , .  , 

G.  Rof/ersii  (E.).  —  Valves  bmate, 
smooth,  "conjomed  by  a  broad  central 
process,  often  with  connivent  apices, 
forming  suborbicular  apertures ;  rawgm 
undidate.    EM.  pi.  18.  f .  92  93 ;  KSA. 
p.  23.  Virginia.  Diam.  1-588".  Smaller 
than  G.  Odontella;  "valves  dorsaUy  sub- 
quadrate,  angular,  with  three  whorls, 
laterally  elhptic- oblong,  with  two  or 
three  median  circles ; "  central  undulation 
umbonate.    Mr.  BrightweU's  figures  are 
more  irregular,  and  do  not  correspond  so 
accurately  with  the  definition. 

G.  ohtusum  (E.).— Valves  smooth,  in- 
flated, with  three  rounded  lobes ;  central 
or  constricted  portion  forming  a  naiTOW 
band.  EM.  pi.  18.  f.  95 ;  KSA.  p.  23. 
Virginia.    Diam.  1-696". 

(f  monodon  (E.).  —  Valves  bmate, 
smooth,  not  contiguous,  each  hnear- 
oblontr,  truncate  at  each  end;  outer  side 
unifornily  straight,  the  ";°«Jg-f„^- 
median  tuberosfty.  .  EM.  pi.  18.  f.  97 , 
■R-^A  n  23  Vii'innia,  California.  J*vln- 
fnbtg^-  figm-es  re%ent  a  canoe-shaped 
valve,  the  outer  margin  convex,  tno 
irer^dth  inciu-ved  ends  and  a  central 


proiection  (connecting  process),  and 
agrees  but  badly  with  the  specific  cha- 
racter. „     ,  , 

G.  Mspidum  (E.). —Frustules  senu- 
lunate,  hispid,  with  an  umbo  at  the 
centre  of  inner  margm.  EM.  pi.  le. 
f.  107 ;  KSA.  p.  23.  Virgima. 

Q.Navicida  (E.). —Frustules  small, 
smooth,  with  a  hneai-  produced  central 
poi-tion  and  a  turgid  or  inflated  valve  on 
'  Lch  side.  EM.  pi.  18.  f.  105 ;  KSA.  p.  24 
Virffmia.  In  this  species  the  central 
poi-tion  projects  beyond  the  lateral  valves, 
instead  of  bemg  constricted. 

G.didymum  (E.).  — Bmate,  smooth, 
transversely  oblong,  obtuse;  one  side 
emaroinate  at  the  centre,  the  other  with 
^0  tSbercles.  EM.  pi.  18.  f.  104 ;  KSA. 
723  Virginia.  Diam.  1-1200".  Ehr- 
enherar's  figure  shows  two  unequal  valves 
without  any  interstitial  poi-tion,  each 
valve  with  two  rounded  lobes,  it  re- 
sembles a  hornless  state  of  Dicladia, 
except  that  it  wants  the  central  portion. 

G^barbatum,  EM.  pL  18.  f.  106.  Vu- 
ginia.  Ehrenberg's  figui-e  has  a  narrow- 
linear,  longly  produced  centi-al  portion 
and  two  imequal  tiugid  valves--the 
smaUer  smooth,  the  larger  come  with  a 
tuft  of  hairs  at  its  apex.     ^  ^  „.  ^, 

G.  erenatum,  EM.  pi.  39.  3.  f.  74.  Ehr- 
enbero-'s  fiarure  is  semihmate,_  vntw  a 
neck-?ike  tnmcated  coue  on  its  inner 
side.  This  species,  ^fept  m  being 
smooth,  exactly  resembles  Mr.  Biight- 
well's  fa'gures  of  the  internal  i^'^f^^^f 
Chmtoeeros  Wiffhamn,  and  do^^^^^^^]^^; 
longs  either  to  that  or  to  an  alhed  species 
of  Chffitoceros.  (xv.  10.) 
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Genus  OMPHALOTHECA  (Ehr.).— Characters  unknown  to  us.  _  Judging 
from  Ehrenberg's  figure  of  the  only  species,  it  seems  scarcely  distinct  from 
Goniothecium. 


OiEPHALOTHECA  Mspido,  EM.  pi.  35  A. 
9.  f.  4*.  Ganges.  The  figure  apparently 
represents  a  frnstule  in  the  process  of 
division.    The  valves  are  unequal  j  the 


smaller  one  smooth,  the  larger  some- 
what conical  and  furnished  with  scat- 
tered spines ;  connecting-zone  slightly 
produced  beyond  the  valves,  (vm.  44.) 


Genus  PEE.IPTERA  (Ehr.).  —  Frustules  simple,  compressed,  unequally 
bivalved ;  valves  simple,  continuous,  not  cellulose ;  one  valve  naked,  tiu'gid, 
the  other  winged  or  horned ;  horns  affixed  to  the  extreme  margin,  sometimes 
branched.  Approaches  very  near  to  Syndendrium  and  Dicladia.  We  think 
these  three  genera  might  be  united  with  advantage. 


Pkeiptera  tetracladia  (E.). — Smooth, 
almost  navicular;  one  valve  with  fom* 
equidistant  spines,  branched  at  the  apex, 
the  other  simple.  EM.  pi.  33.  18.  f.  9. 
Fossil.  Bermuda  deposit.  Diam.  1-1440", 
including  spines  1-864".  Without  the 
spines,  it  resembles  an  Amphora,  (vi,  30.) 


P.  chlamidophora  (E.). — Smooth,  al- 
most navicidar;  one  valve  at  the  side 
plane  and  surmoimted  by  a  finely-nerved 
membrane,  the  other  tiu'gid  at  the  mid- 
dle, unanned.  EM.  pi.  18.  f.  96.  Fossil. 
Bermuda,  (vm.  25.) 


Genus  EHIZOSOLEISriA (Ehr.).  —  Filamentous;  frustules  subcylindiical, 
greatly  elongated,  silicious,  annulate ;  annuli  broadly  cuneate  ;  surface  stri- 
ated, extremities  calyptriform,  pointed  with  a  bristle.  This  genus  was  cori- 
stitiited  by  Ehrenberg  for  the  reception  of  certain  silicious  organisms  found 
in  guano  and  various  fossil  deposits.  The  characters  assigned  by  him  to  this 
genus  are,  "  lorica  tubular,  with  one  extremity  round  and  closed,  while  the 
other  is  attenuate  and  multifld,  as  if  terminating  in  little  roots."  The  dis- 
covery of  this  remarkable  genus  in  a  living  state  has,  we  believe,  proved  that 
the  species  described  by  Ehrenberg  are  only  fragments  of  forms  similar  to 
those  we  are  about  to  describe.  Professor  Schultze  has  detected  in  B.  styli- 
formis  and  B.  calcar-avis  a  circulation  of  minute  granules  analogous  to  the 
currents  observed  in  the  hairs  on  the  filaments  of  Tradescantia  procuinbens. 
(Schultze,  MJ.  vii.  p.  16.) 


Rhizosolenia  styliformis  (Bri.).  — 
Frustules  from  6  to  20  times  as  long  as 
broad;  transverse  lines  (annidi)  distinct ; 
smface  striated,  striae  oblique,  about  40  in 
•001",  terminal  process  at  the  base  spatu- 
late  and  bifid.  Found  in  Noctilucse,  Yar- 
mouth :  stomachs  of  Ascidians,  York- 
shire ;  Salpse,  Atlantic.  Bri  MJ.  vi.  p.  94, 
pi.  5.  f.  5 ;  Norman,  ANH.  xx.  p.  158 ; 
Prof.  Schidtze,  MJ.  vii.  p.  18.  pi.  2.  f.  1. 
(vn.  .32.)  From  the  elongated  base  of 
the  calyptriform  process  a  stout  line  or 
rib  runs  up  on  either  side  to  nearly  the 
apex  of  the  cone ;  at  base  of  the  lines  a 
small  horn,  slightly  ciuved  towards  the 
annuli,  18  frequently  to  be  detected. 
Self-division  has  been  observ  ed  in  this 
and  some  of  the  following  species. 

11.  imhricata  (Bri.).  —  Frustides  4  to 
7  times  as  long  as  broad,  annuli  di- 
stinct, surface  of  valve  coarsely  punctate, 
temiinal  process  subulate,  entu-e.  Found 
with  the  preceding  species.    Bri  MJ. 


p.  94,  pi.  5.  f.  6.  The  direction  of  the 
transverse  lines  (annidi)  aaiid  pimcta 
give  this  species  an  imbricated  appear- 
ance. 

_  R.  setigera  (Bri.). — Frustules  5  to  15 
times  as  long  as  broad,  annidi  obsciu'e, 
striae  very  faint,  terminal  bristle  fre- 
quently as  long  as  the  coloiuiess  frustide. 
In  Noctiluc?e,  Ascidians,  and  Salpse. 
Bri.  I  c.  p.  96,  pi.  5.  f.  7.  (yh.  33.)  ITiis 
species  is  remai-kable  for  the  great  length 
of  the  terminal  bristle  and  its  extreme 
delicacy. 

_R.  alata  (Bri.). — Annuli  distinct,  strife 
faint,  temiuial  process  alate,  recurved, 
blunt.  In  Ascidians,  Yorkshire.  Bri.  /.  c. 
p.  95,  pi.  5.  f.  8.  This  curious  little  spe- 
cies is  distinguislied  by  its  small  but 
conspicuous  setai  attached  to  the  base  of 
the  calj'ptriform  process. 

R.  calcar-arAs  (Schultze). —  Frustides 
small,  nnnuli  indistinct ;  terminal  process 
slightly  sigmoid,  the  point  resembling 
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a  bird's  claw.    Heligoland.  Scbultze, 
MJ.  vii.  p.  21,  pi.  2.  f.  5. 

R.  robusta  (Norman,  MS.).— FrusMes 
very  broad,  sligbtly  sigmoid,  annuli  nar- 
row, calyptriform  processes  with  hnes 
radiating  from  the  apices  ;  bristles  short, 
delicate,  nearly  linear.  Strias  fine,  about 
55  in  -001".  Ascidians,  North  Sea, 
Tei^nmoutb,  Heligoland,  Australia, 
(vm.  42.) 

Doubtful  and  inmfficimtly  known  Species. 

'R.Cahjptra  (E.).— Valve  (terminal 
process)  broadly  conico-campanulate, 
smooth,  its  apex  attenuated,  acute.  EM. 
pi.  35  A.  22.  f.  17. ;  Bri.  I.  c.  pi.  5.  f.  2. 
Southern  Ocean,  (vn.  31.)  This  is  pro- 
bably the  tei-minal  process  of  -R.  styli- 
formis. 

R.  Campana  (E.).— Valve  large ;  apex 
conic,  lougly  attenuated,  varies  as  if 
tenninated  by  little  roots ;  sm-face  very 
finely  granidated.  KSA.  p.  24.  Bermuda 
deposit. 

B.  ornithoglossa  (E.).— Valve  tubular, 
conical,  smooth,  slender,  with  a  much 
attenuated,  acute  apex,  laterally  resem- 
bling the  tongue  oi  a  bird.    EM.  pi  33. 


13.  f.  21.    Antarctic  Sea. 

R.  Americana.  —  Frustules  smooth, 
hyaline,  tubidar,  interrupted  by  septa, 
one  end  round,  the  other  stylifonn, 
simple  or  branched.  EM.  pi.  18.  f.  98. 
Fossil.  America.  This  seems  a  species 
very  variable  in  size  and  fom.  The 
outline,  however,  of  the  rosti-ate  valve 
bears  some  resemblance  to  a  bottle,  with 
the  neck  or  beak  simple  or  branched. 

IL.hebetata  (Bai.). —Valve  calj^ptri- 
foi-m,  punctate,  with  a  smooth,  cylin- 
drical base ;  apex  expanded,  compressed. 
B.  in  SiUiman^s  Amer.  Joum.  July  1856, 
p.  5,  pi.  1.  f.l8, 19.  Seasof  Kamtschatka 
and  Ochotsk.  The  expanded  apex  re- 
sembles in  outline  the  flame  of  a  caudle. 
The  punctate  conical  portions  are  most 
freq^uently  seen;  but  specimens  with  the 
cylindrical  base  are  occasionally  found. 
Bail. 

n.Meolus  (E.).— Valve  small,  short, 
as  broad  as  long ;  centi-al  portion  linear, 
produced ;  one  valve  resembling  an  umbo, 
the  other  conical,  branched  at  apex.  EM. 
pi.  18.  f  103.  Virginia.  Diam.  1-1320". 
Has  the  habit  of  Dicladia  or  Gonio- 
theciimi. 


Gemis  SYRINGrDITJM  (Ehr.).— Frustules  simple,  cylindrical;  valves  un 
equal,  dissimilar,  distended  by  a  turgid  middle  ring.  Maritime. 


SYOTNGrDiuM  bicorne  (E.). — Smooth, 
elongated,  with  three  constrictions,  one 
end  pointed,  the  other  subglobose,  two- 
spined.  EM.  pi.  35  a.  9.  f  11*.  Ganges. 
Africa,   (vrn.  20.) 

S.  Palaomon  (E.).— Resembles  the  pre- 
ceding species,  but  is  granulated.  EM. 
pi.  34.  8.  f  15.  Japan. 

S.  Americanum  (Bai.  MS. ;  vn.  34, 
fe-om  a  drawing  by  Professor  Badey).— 


Common  in  Para  River,  and  sparingly 
in  the  soundings  ofl'  the  mouth  of  the 
Amazon,  South  America.  Fmstides 
very  minute,  pimctated ;  central  portion 
quadi-angular ;  valves  unequal,  one  with 
a  quadi-ate  base,  suddenly  contracted  and 
then  tapei-ing  into  a  pyi-amidal  spine 
terminated  by  a  mucro ;  the  other  valve 
subglobose,  with  two  short  basal  pro- 
cesses, each  ending  in  a  spine. 


Genus  SYNDENDRIUM  (Ehr.).— Fnostules  simple,  bivalved,  subquadran- 
gnlar,  one-ceHed,  without  umbilicus  in  the  middle;  valves  unequal,  rather 
turgid,  one  smooth,  the  other  furnished  with  many  styles  branched  at  the 
apex;  margin  nak^d.  Syndendrium  differs  from  Dicla Ja  only  m  havmg 
severd  instead  of  two_ spines  on  one  of  its  valves;  yet  Kutzmg  has  placed 
them  in  different  families. 

SYNDENnnitrM  Diadcma  (E.). — ^Frus- 
tules lanceolate,  with  several  spines  in 
the  centre  of  one  valve,  forked  or  peni- 
cillate  (split  up  lil^e  a  brush),  their  length 
pnuallina-  the  thickness  of  the  frustide. 
S  pi.  35  A.  18.  i.  13 ;  Bri  MJ.  iv  p.  7. 
f  49-52  ;  Donkin,  TMS.  vi.  p.  1.  In 

Genus  HEECOTHECA  (Ehr.).  -  Frustule  simple,  turgid,  of  two  unequal 
rnon^brane  of  valves  continuous,  not  ceUulose,  generally  vcmcd  bc- 
iTCf^Se  sZ  which  a.e  permanent  and  assume  the  place  of  an  mteg.- 


Pemvian  guano;  Sea  of  Kamtschatka; 
stomach  of  Ascidia,  Penzance.  Diam. 
1-1152".  The  central  portion  is  narrow 
linear,  projecting  at  each  end,  the  lateral 
valves  convex,  one  smooth,  the  other 
with  branched  spines ;  lateral  view  oval. 
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ment.  Honco  the  corpuscles  on  the  upper,  contiguous  margin  of  each  valve 
appeal-  as  if  crowned  and  enveloped  (as  it  were,  shielded)  by  the  opposite  seta) 
or  membranes. 


Hercothkca  mammilUiris  (E.').  — 
Valves  smooth,  with  the  centre  of  the 
base  fringed  round  (fortihed)  with  about 
twenty  simple,  opposite  setae,  inserted 


on  the  margin  itself,  and  extending  be- 
yond the  mammilhe.  EM.  pi.  33.  18. 
f.  7.    Fossil.    Bemiuda.    (vn.  35.) 


FAMILY  XIV.— COCCONEIDE^. 

Frastules  elliptic,  rarely  bent,  adnate  by  an  inferior  lateral  surface,  having 
a  median  longitudinal  line  and  central  nodule.  "  The  lateral  surfaces  prevail 
so  much  that  the  central  portion  is  reduced  to  a  simple  mai-gin,  and  conse- 
quently it  is  difficult  to  obtain  a  front  view"  (Meneg.).  Campylodiscus  and 
Rhaphoneis,  the  only  members  of  another  family  with  which  any  of  the 
Cocconeideae  are  likely  to  be  confounded,  are  distinguished  by  the  absence  of 
a  central  nodule.  Those  species  of  Navicula  which  are  elliptic  in  the  lateral 
view  somewhat  resemble  species  of  Cocconeis ;  but  they  are  never  adnate, 
and  in  them  the  central  nodule  is  equally  developed  in  both  valves. 

Genus  COCCOJ^EIS  (Ehr.).  —  Characters,  those  of  the  family.  Emstules 
depressed  or  somewhat  hemispherical ;  the  central  nodule  is  wanting  or 
obscure  in  the  inferior  lateral  surface,  and  sometimes  there  is  a  transverse 
as  weU  as  a  longitudinal  line.  "  The  general  form  of  Cocconeis  is  that  of  a 
disc  of  an  ellipsoidal  figure,  vnth  surfaces  more  or  less  exactly  parallel,  plane, 
or  shghtly  curved.  .  ,  .  The  characters  by  which  the  species  of  this  most 
elegant  genus  are  distinguished  one  from  another  are  stiU  veiy  slight" 
(Meneg.).  The  frustules  in  this  genus  are  frequently  fiu-nished  with  an 
additional  membranous  covering,  which  also  forms  a  border  to  them,  and  has 
been  admitted  into  the  specific  definitions;  but  we  believe  this  envelope 
generally,  if  not  invariably,  belongs  to  the  immature  state,  and  afterwards 
disappears  more  or  less  completely ;  and  on  this  account  we  consider  it  an 
unsafe  differential  character.  The  descriptions  apply  to  the  lateral  view, 
unless  otherwise  stated. 


*  Disc  smooth  or  with  longitudinal  lines. 

Cocconeis  longa  (E.). — Very  minute, 
linear-oblong,  with  rounded  ends,  smooth, 
except  a  median  Irae  and  nodule.  EM. 
pi.  5. 1.  f.  25.    Aquatic.  Iceland. 

G.pimila(K.). — Very  minute,  curved; 
lateral  view  oblong-elliptic,  smooth, 
without  lines  or  accessory  border.  KB. 
1.  5.  9.  f.  2.  Aquatic.  Europe.  Length 
-1560".  Rabenhorst  describes  it  as 
destitute  of  median  line  and  nodide. 

C.  pijffmaa  (K.).  —  Very  minute, 
smooth,  elliptic,  girt  by  a  crenulate  ge- 
latinous border.  IG3.  t.  5.  6.  f.  4.  Baltic 
Sea,  on  Ceramium.  1-2640". 

C.  moksta  (K.).  —  Minute,  smooth, 
elliptic-oblong,  without  an  accessory 
border,  densely  aggregated.  KB.  pi.  5. 
7.  f.  1,  2.  Marine.  Venice.  1-180O"  to 
1-1680". 

C.  mdulans  (Iv.).  —  Elliptic-oblong, 


smooth ;  front  view  oblong,  rectangular. 
KB.  t.  4.  f.  16.  Coast  of  Normandy. 
1-1320".    Nidulating  in  mucus. 

C.  elongata  (E.).  —  Small,  smooth, 
oblong-eUiptic,  plane.  EM.  pi.  5.  3.  f.  26. 
Amenca,  Em-ope,  Africa,  China.  SiuaUer 
than  C  Placentula,  but  may  be  a  variety 
of  that  species. 

_C.  Cnuc  (E.).  —  Smooth,  elliptic,  thin, 
with  a  ti-ansverse  linear  umbilicus.  KSA. 
p.  63.  Western  Asia.  Diam.  1632", 
_  C.c?j65p/}a«a(S.).— "Elliptical,  scai-cely 
sdicious,  diaphanous ;  striaa  obscm-e. 
Length  '0012"  to  -0018"."  SBD.  i.  p.  22, 
pi.  30.  f.  254.  "  /3,  nodule  dilated  mto  a 
staiu-os."    Sidmouth,  Jersey. 

C.  Pedicultcs  (E.).  —  Small,  elliptic, 
soiiiewliat  angular,  sliditly  cm-ved ;  disc 
with  very  fine,  dotted  longitudinal  lines. 
SBD.  i.  p.  21,  pi.  3.  f.  31.  Aquatic. 
Common.  /3.  saiina  (K.),  narrower  near 
the  mai-gin,  furnished  with  very  delicate 
3  K  2" 
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transverse  strife :  Saxony,  y.  minor  (K.). 
In  this  species  the  striae  are  visible  only 
when  highly  magnified.  It  is  best  di- 
stinguished by  its  slightly  angular  or 
rhomboid  form— a  character  not  noticed, 
by  Ehrenberg,  who  gives  m  the  'Micro- 
e'Boloaie'  only  one  figui-e,  and  five  habi- 
tats.   Diam.  1-2200"  to  1-960". 

C.  depressa  (K.).— Minute,  much  de- 
pressed, plane,  elliptic,  furnished  near 
the  margin  with  pimctated  stnse.  iv±S. 
pi.  5.  f.  8.  2.  Aquatic.  Europe.  'Accord- 
ino-  to  Rabenhorst,  it  resembles  a  small 
an'cl  flat  state  of  the  var.  salina  of  the 
preceding  species.    Diara.  1-1800''._ 

C.  Placentula  (E.).  —  Plane,  elliptic, 
^^'ith  faint,  dotted  longitudmal  lines. 
SBD.  i.  p  21,  pi.  3.  f.  32.    (vn  36.) 
Aquatic.  ^CoiAmon.    1-1440".  Ehi-en- 
berg,  in  his  '  Microgeologie,'  gives  many 
fimms  and  upwards  of  sixty  habitats  for 
this  species.    His  definition  differs  from 
that  of  Professor  Smith,  and  is  as  lol- 
lops._« Plane,  elliptic,  with  an  abrupt 
margin;  within  and  without  smooth. 
Having  seen  no  authentic  specimens  ol 
C.  Plcwentula  and  C.  Pcdiculus,  we  have 
adopted  Professor  Smith's  views,  but  do 
not  implicitly  rely  on  them ;  for  not  only 
do  Ehrenberg  and  Smith  differ  m  then- 
descriptions,  but  whilst  the  latter  states 
that  both  species  occm-  in  the  Loiigh 
Moume  deposit,  the  former  has  excluded 
them  from  his  lists  of  species  foimd 

C.pr^exta  (E.).-Small,  elliptic,  with 
six  longitudinal  lines  on  each  side  ot  the 
centi-e,  and  a  dilated,  smooth,  areolar 
margim  EA.  pi.  3.  3.  f.  11.  Japan, 
India,  Africa,  America.  . 

Cpundata  (E.).-Small, elliptic,  with 
eight  pimctated  longitudmal  Imes  on 
each  side  of  the  median  line.  KH.  p. 
Tjl.29.  f.30.  Austi-alia,  America. 
^  C.  euc/lypta,  EM.  pi.  34. 6  a.  f.  2.  Flo- 
rida. Ehrenberg's  figure  represents  a 
small  elliptic  form,  with  broadly  rounded 
ends,  and  a  median  line  and  nodule, 
having  on  each  side  parallel,  distmctly 
dotted  longitudinal  lines. 

C  striolata  (Rab.). —Small,  narrow- 
eUintic,  with  dense,  faint  longitudinal 
stiiffi  on  each  side  of  the  median  line. 
Sd  p.  28,  pi.  10.  f.  8.  Aquatic. 

^'SSL/«  (K.).-Oblong-elliptic,  with 

lines.    Ivo.  p-  ,  qoa- 

Sea  and  Indian  Ocean,    i-o^y.  • 

C%bata  (E.).-Large,  elbpt-,  -jj 
broadly  rounded  ends,  veiy  fine  ong  - 
tSnl  lines,  and  a  subentire  gelatinous 


border.  EM.  pi.  14.  f.  42.  Adriatic  and 
Mediterranean  Seas.  1-576".  Raben- 
horst describes  this  species  as  like  C. 
Placentida  with  a  distinctly  developed 
border-like  membrane. 

C.  oceanica  (E.).  —  Large,  roundish- 
elliptic,  with  numerous  delicately  punc- 
tated, somewhat  converging  longitudi- 
nal lines ;  dorsum  convex.  liSA.  p.  52. 
Europe,  America,  (xii.  42.) 

0.  concentrica  (E.).— Large,  broadly 
elliptic,  with  broadly  rounded  ends  and 
concentric  longitudinal  lines.  KB.  p.  72, 
pi,  28.  f.  15.  Mexico. 

G.undulata  (E.). —Elliptic;  dorsum 
slightly  convex ;  exterior  fmi-owed,  with 
undulated  concentric  lines.  KB.  p.  72, 
pl.  5.  f.  11.  Baltic,  Asia,  Afnca.  1-432". 
Not  ti-ansversely  striated. 

C.  lineata,  EM.  numerous  figures  and 
habitats.  Australia,  Asia,  Africa,  Eu- 
rope. We  have  seen  no  description  ot 
this  species;  but,  according  to  Ehren- 
berg's fig-ures,  it  seems  to  differ  trom  C. 
undidata  in  the  nonconvergence  of  its 
longitudinal  striae.  Apparently  a  very 
common  species,  as  Ehrenberg  gives 
upwards  of  fifty  habitats.  _ 

C.  fasciata  (E.).— Large,  elliptic ;  disc 
with  dotted  longitudinal  lines  on  eacli 
side  the  median  line,  intersected  by  a 
transverse  median  smooth  band.  KB. 
p.  72,  pl.  28.  f.  14.  Aquatic.  Peru. 
^  C.  gemmata,  EM.  pl.  37.  2.  f.  1.  Ore- 
gon, JEgina.  Ehrenberg's  figure  is  large, 
broadly  elliptic,  with  rounded  ends  and 
a  smooth  linear  mediau  line,  having 
on  each  side  five  or  six  parallel,  lon- 
gitudinal, moniliform  series  ot  large 

^'"S^aggregata  (K.).  -  Oblong-elliptic, 

0-  irt  with  a  broadish  lacerated,  creuulate 
limb ;  disc  having  near  the  margm  finely 
dotted  rays,  and  in  the  middle  punc- 
tated longitudinal  Imes.     1^.  p- 
pl.  5.8.  f.  5.    Baltic  and  North  Seas. 

1-  1440" 

C.  marginata  (K.).  -  Elliptic,  with 
radiatingly  punctated  margm  and  dis- 
coid lonlituiinal  lines.  KB  p.^/  2,  pl.  5. 
6.  f.l.    Marine.    Em-ope.    l-b4U  . 

C.  dirupta  (Cxreg.).-BroacUy  elliptic 
or  suborbicidar,  with  a  smooth  median 
line,  having  on  each  side  wavy  longi- 
tudinal and  faint  ^^^^^f^'^'f'^C'tin 
Ti  19  nl  1  f.25.  Scotland.  Ihe  lon- 
litudinal  sti-ifB  are  most  evident  m  the 

centre,  and  the  ti-«^s^«^-««' /'^  J!f 
somewhat   radiant,  neai-  the  margin 
Under  a  low  power  the  nodule  appeai-s 
dilated  into  a  stauros.  Professor  GreeoiT 
states  that  it  differs  in  its  brown  coloui 
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and  conspicuous  stria  from  C.  diaphana, 
tlie  only  allied  species. 

2  *  Disc  icith  radiant  or  transverse 
strice. 

C.  striata  (E.).  —  Elliptic-oblong,  of 
medium  size,  witli  parallel  or  somewhat 
converging  transverse  stiioe.  EM.  many 
figures.  Aquatic.  Apparently  common, 
as  Ehrenberg  gives  upwards  of  forty 
habitats  in  different  parts  of  the  world. 
Lough  Mom-ne  deposit. 

C.  borealis  (E.).  —  Elongated-elliptic 
or  oblong  with  rounded  ends  and  parallel 
or  converging  transverse  strias.  EM. 
several  figm-es.  Ehrenberg  gives  about 
thii-ty  habitats  in  Asia,  A&ica,  &c.  Ex- 
cept in  its  more  elongated  fi'ustvde,  it 
scarcely  differs  from  C.  striata. 

C.  tramversalis  (Gfreg.). — Small,  nar- 
now-elliptic,  with  line,  parallel,  dotted 
transverse  striae  reaching  the  median 
line.  Greg  MJ.  iii.  pi.  4  f.  7.  (^aI.  37.) 
Scotland. 

C.  atmospherica,  EM.  pi.  .89.  3.  f.  9. 
Scii'occo  dust.  Ehrenberg's  figiu-e  is 
large,  elliptic,  with  median  line  and 
nodule  and  dotted  parallel  ti'ansverse 
strise. 

C.  hi/perborea  (E.).  —  Large,  elliptic, 
finely  punctato-striate  ;  strise  in  the 
middle  margin  of  the  disc,  18  in  1-1200", 
continued  to  the  median  furrow  as 
puncta;  the  fine  triple  line  of  fuiTOw 
with  a  siagle,  distinct,  transversely  ob- 
long median  umbilicus.  ERBA.  xviii. 
p.  526 ;  EM.  pi.  35  a.  23.  f.  4.  Assistance 
Bay.  Nearly  resembles  C.  Scutum  of 
New  Holland.  Breadth  rather  more 
than  half  the  length. 

C.  nigricans  (K.).  —  Nan-ow-elliptic, 
densely  aggi-egated,  girt  by  an  entii-e, 
rather  broad,  brownish-black  border; 
transverse  striaa,  13  or  14  in  1-1200". 
KB.  p.  72,  pi.  5.  8.  f.  8.  Trieste.  /3.  de- 
nudata,  border  obsolete.  JOB.  t.  5.  8. 
f.  10.    1-1320"  to  1-1200". 

_C.  consociata  (K.).  —  Broadly  elliptic, 
with  a  hyaline,  longitudinal  median 
line ;  disc  with  13  punctated,  almost 
radiant  strias  on  each  side.  KB.  pi.  5.  8. 
f.6.  Maiine.  Baltic.  1-1320". 
_  C.  Pinnularia  (K.). — Roundish-ellip- 
tic, transversely  striated,  except  a  smooth, 
crenated,  longitudinal  median  fascia. 
KSA.  p.  52;  KB.  p.  73,  pi.  5.  f  34. 

=  Cocconds  ?,  BAJ.  xlii.  t.  2.  f.  34. 

America.  This  very  doubtful  species  was 
constituted  by  Kiitzing  from  Professor 
Bailey's  figure. 

_C.  Persica  (Rab.).  —  Large,  elliptic, 
with  a  longitudinal  median  line,  dilated 


at  centre  tod  ends,  and  having  23  gra- 
nidated  transverse  stiite  on  each  side. 
Rab  D.  p.  27,  pi.  3.  f.  5.  Persia. 

C.  major  (Greg.). — Very  large,  thin, 
flat,  broadly  elliptic  or  suborbicular, 
with  numerous  delicate  transverse  striae ; 
median  line  with  central  and  terminal 
nodules.  GDC.  p.  21,  pi.  1.  f.  28.  Scot- 
laud.  Hyaline,  without  distinct  border ; 
striaa  about  54  in  -001",  somewhat  con- 
centric vdth  extremities. 

C.  Scutellum  (E.).  —  Elliptic,  with 
finely  punctated  transverse  stiise  con- 
centric with  its  exti-emities ;  stiiee  18  in 
•001".  EI.  p.  194,  pi.  14.  f.  8;  SBD.  i. 
p.  22,  pi.  3.  f.  34.  Marine.  According  to 
Ehrenberg,  fovmd  in  every  quarter  of  the 
globe ;  yet  he  gives  fewer  habitats  for 
this  than  for  some  other  species,  (rx.  162, 
163.)  /3,  nodide  dilated  into  a  stam-os : 
S.  I.  c.  pi.  30.  f.  34.  y,  disc  with  stam-os, 
very  fine  strise,  and  two  lateral  semioval 
markings :  Ro  MJ.  yi.  pi.  3.  f.  9.  Dorsum 
convex.  1-1150".  The  species  thus  cha- 
racterized is  veiy  variable  in  size  and 
form  and  in  the  size  of  its  puncta.  Per- 
haps the  vaiieties  should  be  constituted 
distinct  species. 

0.  Arraniensis  (Grev.). — Valve  ovate ; 
strias  concentric  vnth  the  extremities, 
faint,  monUifonn,  contiguous,  reaching 
the  median  line ;  strios  30  in  -001".  Grev 
JMS.  vii.  p.  80,  pi.  6.  i.  2. 

C.  sjjeciosa  (Greg.). — SmaU,  rhomboid- 
eUiptic,  with  12  distinctly  granulated 
transverse  strife  in  -001",  and  somewhat 
concentric  with  extremities.  GregMJ. 
iii.  pi.  4.  f.  8.  Scotland.  So  nearly  allied 
to  C.  Scutellum,  that,  although  its  more 
distant  striae  are  formed  of  fewer  and 
larger  gxanules,  we  must  doubt  whether 
these  species  be  really  distinct. 

0.  Mediterranea  ("K.).  —  EUiptic  or 
elliptic-oblong,  with  distinct  puncta, 
regularly  arranged  so  as  to  form  both 
ti'ansverse  and  longitudinal  series.  KB, 
p.  73,  pi.  5.  6.  f.  8.  Mediterranean  Sea. 
Rather  large;  dorsum  slightly  convex. 
1-840"  to  1-552".  In  Kutzing's  figures 
the  strias  appear  somewhat  concentric 
with  extremities ;  and  we  doubt  whether 
it  be  distinct  from  C.  Scutellum. 

C.  Peruviana  (K.). — Elliptic,  regularly 
punctate,  the  larger  puncta  quadrate, 
more  distant.  KB.  p.  73,  pi.  5.  0.  f.  7. 
Marine.  Western  snores  of  America. 
1-840".  Kiitzing's  figm-e  seems  very 
similar  to  C.  Mediterranea. 

C.  Adrintica  (K.).  —  Large,  elliptic ; 
stria)  granulated,  transverse  on  tlie  disc, 
radiatmg  on  the  margin.  IvB.  p.  73, 
pi,  5.  6.  f.  2  &  9.    Adriatic  and  Medi- 
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terranean  seas.  1-696"  to  1-480".  Dor- 
sum convex.  The  strite  in  Kiitzmg's 
ligiu'es  are  concentric  with  the  extremi- 
ties ;  and  this  species  seems  to  differ  from 
C.  Scutellum  m  its  more  distinct  border. 

C.  clistmis  (Greg.).  —  Elliptic,  with 
somewhat  attenuated  ends,  a  delicate 
median  line  and  transverse  series  of 
equal,  rather  distant  granules.  GDC. 
pTlS,  pi.  1.  f.  23.  (VII.  38.)  Scotland. 
This  species  agrees  with  C.  Scutellum  in 
its  granulated  striBe,  somewhat  concen- 
tric with  extremities,  but  it  appears  to 
us  distinct.  The  strite  are  fewer,  the 
granules  far  more  conspicuous,  and,  ac 
cording  to  Professor  Gregory,  equal,  aad 
situated  on  white,  hyaline,  faint  bars, — 
characters  absent  in  C.  Scutellum. 

C.  lamprosticta  (Greg.).— Lai-ge,  rhom 
bold  or  broadly  lanceolate  with  obtuse 
apices,  a  median  line,  and  transverse 
series  of  rather  distant  conspicuous 
granules.  Greg  TMS.  v.  pi.  1.  f-  28 
Scotland.  This  species  agrees  with  C. 
distans  in  having  conspicuous  transverse 
series  of  granules  somewhat  concentric 
with  extremities,  but  differs  in  its  elon- 
gated form. 

C.  splendida  (Greg.).— Large,  elliptic, 
with  conspicuous,  monUiform  trans- 
verse stiise,  a  broad  margin,  and  a  me 
dian  line  dilated  at  centi-e  and  ends 
GDC.  p.  21,  pi.  1.  f.  29.  Scotland.  Strife 
somewhat  concentric  with  extremities, 
their  gTanules  near  the  margin  bemg 
closer,  and  thus  formino-  a  continuous 
run,  with  the  median  line  terminating 
at  its  inner  edge.  Kemarkable  for  its 
large  size.  Length  about  -OOM";  breadth 
•0039". 

C.  Regina  (Johnston).  —Valve  ovate ; 
strise  20  in  -001",  concentric  aroimd  the 
extremities,  distinctly  granular  on  either 
side  the  median  line,  in  their  coiu-se  out- 
wards faintly  moniliform,  more  conspi- 
cuously so  and  foi-ming  a  sort  of  border 
near  the  margin.  Johnston,  JMS.  viu. 
p.  13,  pi.  17.  f.  1.    Elide  guano.      _  _ 

C.  punctatissima  (Grev.).  —  Elliptic, 
densely  areolato-pimctate ;  strife  monili- 
fom,  concentric  with  extremities ;  me 
dian  line  dilated  at  ends';  rim  simply 
striated.    Grev  M J .  v  p.  8  pi.  3.  £  1 
Marine.    Trinidad.    Striaj  20  m  -001 
Dr  Greville  says  it  differs  from  C.  3Ior 
risii  in  its  finer,  closer,  and  more  mi 
nutely  punctated  strioe.  j.-,,-.- 

C.  crebrestriata  (Grev.).  -  Emptic- 
oblong,  delicately,  closely,  and  imiforinlv 
punctato-striate;  sti-ite  concentoc  with 
extremities ;  median  line  straight,  simple. 
Grev  MJ.  v.  p.  9,  pi.  3.  f.  2.  Irimdad. 


Length  -0022"  to  -0028";  breadth  •0012" 
to -0014";  striaj  30  in -001".  The  figure 
shows  the  ends  of  the  valve  more  atte- 
nuated than  usual  in  this  genus. 

C.  GreOT'«M(S.).— Elliptic,  ^vith  trans- 
verse costse ;  strioe  mouilifoi-m,  15  in 
•001".  SBD.  i.  p.  22,  pi.  3.  f.  35.  Eng- 
land, South  Afi-ica. 

C.  regcdis  (Grev.). —Valve  orbicular; 
strife  monQiform,  5  in  -001",  occupying 
about  a  thu-d  of  the  diameter,  externally 
continued  by  large  distant  ^-anules, 
forming  three  or  fom-  concentric  rows. 
Grev  JMS.  vii.  p.  179,  pi.  7.  f.  1.  Cali- 
fomian  and  Algoa  Bay  guanos.  Stiise 
coarse,  outer  granules  large  and  promi- 
nent, continued  round  the  whole  valve, 
but  smaller  near  the  extremities.  Median 
line  abbreviated. 

C.  pinncda  (Greg.).— Valve  oval ;  stnte 
concentric  with  the  extremities,  large, 
moniliform,  not  reaching  the  median 
line,  but  leaving  a  narrow  elliptical  blank 
space ;  median  liae  distract.  Grev  JMS. 
vii.  p.  79,  pi.  6.  f.  1.    Lamlash  Bay. 

G.Parmida  (B.).  —  Broadly  elliptic, 
with  a  median  longitudinal  line,  having 
on  each  side  10  to  12  large,  irregular 
transverse  costse  (or  sulci) ;  sm-face  with 
transverse  gi'anulated  strife.  Bail.  Proc. 
Phil.  Acad.  1853.  Tahiti. 

0.  sulcata  (B.).  —  Broadly  elliptic  or 
suborbicular,  with  30  to  40  transverse 
arcuate  sulci.  Bail.  Z.  c.  Puget's  Sound. 

C.  inconspicua  (Grev.).— Suborbiculai-, 
with  a  broad,  rather  sti-ongly  striated 
border ;  disc  diaphanous,  strife  famt,  con- 
centric with  exti-emities,  becommg  ob- 
scm-e  in  the  centre.  Grev  M J.  y.  p.  9, 
pi  3  f.  3.  Trinidad.  Diam.  •OOll"  ; 
sti-ife  22  in  'OOl".  Dr.  GreviUe's  figm-e 
shows  the  sti-ias  radiating  rather  than 
concenti'ic  ^ith  the  extremities,  and 
leaving  a  blank  median  space  bisected 
bv  the°  median  line  and  nodule. 

C.  ornata  (Greg.;.  —  Elliptic,  with  a 
strongly  striated  rim ;  disc  with  a  lan- 
ceolate median  blank  space,  bisected  by 
a  faint  median  line  and  large  nodule ; 
strife  somewhat  radiant.  GDO.  p. 
pi.  Lf.24.  Scotland. 

C.  Finnka   (E.).  —  Ovate  -  oblong. 


slio-htly  convex,  smooth  externally,  but 
sti^atei  within.  /3  lar-er,  elliptic,  three 
or  fom-  times  longer  than  broad.  EM. 
many  figui-es.  Ehrenber-  gives  about 
thii-ty  habitats  in  Aiistxalia,  Asia,  Ame- 
rica, and  Eiu-ope.  (xn.  41.)  1-5/0  to 
1-3G0".  Elirenberg's  figiu-es  do  not  agiee 
with  his  description.  They  are  elliptic 
with  finely-dotted  ti-ansverse  stn.-T>,  mid 
a  blank,  generallv  lanceolate  longitu- 
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dinal  fascia,  bisected  by  median  line  and 
nodule. 

C.  Bntnclusiaea  (Rab.).  — Very  liw^e, 
■with  very  convex  dorsum ;  disc  elliptic- 
oblong,  with  from  22  to  24  somewhat 
diverging,  transverse,  gi'annlated  costas, 
and  an  oblong  central  blank  space  bi- 
sected by  a  linear  median  line.  Eab  D. 
p.  28,  t.  3.  f.  16. 

C.  marffaritifera  (E.). — Broadly  ovate, 
■with  subacute  ends  and  transverse  gTa- 
nidated  sti-ite  lihe  rows  of  pearls.  Marine. 
Bosphorus,  South  Africa.  It  is  closely 
allied  to  C.  Americana,  but  is  rather 
larger  and  not  curved. 

C.  nitida  (Greg.). — Broadly  oval,  -with 
suddenly  contracted,  subacute,  short, 
point-like  apices,  transverse  rows  of 
very  lai'ge  pearl-like  gi'anides,  and  a 
nan-ow-lanceolate  blank  median  space. 
GDC.  p.  20,  pi.  1.  f.  26.  Scotland.  The 
graniiles  are  so  an-anged  as  to  form  both 
longitudinal  and  ti'ansverse  series.  With- 
out the  centi'al  nodule,  which  we  have 
not  detected,  this  species  agi'ees  ■with 
Ehaphoneis. 

3  *  Lateral  view  rhomboid. 

C.  7-liombea  (E.).  —  Rhomboid,  with 
about  three  longitudinal  lines  on  each 
side  the  median  suture.  EM.  pi.  85  a.  7. 
f.  2.  Aquatic.  Niagara.  1-1200".  Re- 
sembles C.  Americana.  With  the  excep- 
tion of  the  median  line  and  nodule, 
Ekrenberg's  figm'e  has  no  markings. 

C.  Americana  (E.). — Small,  rhomboid, 
with  somewhat  produced  obtuse  apices 
and  faint  (sometimes  obsolete)  dotted 
transverse  strise.  KSA.  p.  53.  C.  Mexi- 
cana,  EA.  t.  3. 5.  f.  7.  Mexico,  (xn.  48.) 

4*  Strice  decussating. 

C.  decmsata  (E.).  —  Large,  broadly 
elliptic,  rough  ■with  decussating  series  of 
apicidi.  KB.  p.  73,  pi.  28.  f.  17.  Cuba, 
India. 

G.  rliomhifera  (B.). — Broadly  elliptic 
or  suborbicular,  with  a  sigmoid,  ob- 
liquely longitudinal  median  line,  run- 
ning through  a  smooth  space,  attenuated 
at  the  ends  and  enlarged  at  the  nodule 
into  a  rhomboid  flgm-e;  sm-face  decus- 
sately and  transversely  punctate.  Bail, 
in  Proc.  Acad.  Philad.  1853.  Puget's 
Sound. 

5*  Stri<B  transverse,  separated  into  two 
seric.i  on  each  side  the  median  line  by  a 
blank  lonf/itudinal  fascia. 

C.  psetido-niarf/inatn  (Greg.). — Large, 
broadly  elliptical,  ■with  median  line  and 
nodides  having  on  each  side  fine  trans- 


verse strice,  intemipted  and  separated 
into  two  series  by  a  longitudinal  blank 
fascia.  GDC.  p.  20,  pi.  1.  f.  27.  (vii.  39.) 
Scotland.  Thin,  transparent,  the  ends 
less  rovmded  than  in  many  species,  me- 
dian line  not  reaching  the  extremities, 
and  enclosed  in  the  lanceolate  space 
formed  by  the  convergence  of  the  two 
lateral  fascias. 

C.  tceniata,  EM.  pi.  6.  2.  f.  12.  Fossil. 
Morea.  We  have  seen  no  description  of 
this  species.  The  figiu'e  represents  it  as 
elliptic,  having  its  transverse  strijB  di- 
vided into  two  series  on  each  side  the 
median  line  and  nodide  by  a  longitu- 
dinal blank  fascia,  as  in  some  species  of 
Navicula. 

6  *  Disc  with  longitudinal  concentric  lines 
interrupted  by  radiating  costce. 

C.  radiata  (Greg.).  —  Elliptic,  ■with 
rounded  ends,  about  8  concentric  lines 
inteiTupted  by  numerous  (18)  sti'ong 
rays  proceeding  fi-om  the  umbilical 
nodule.  Greg  TMS.  v.  pi.  1.  f.  26. 
Scotland. 

C.  costata  (Greg.). — Valve  oval,  rather 
broad,  median  line  conspicuous,  nodule 
obsolete,  marked  -with  sti-ong  entire 
costse  reaching  from  the  median  line  to 
the  margin;  spaces  between  the  costse 
striate ;  strise  at  right  angles  to  the 
costae.  Glenshira  sand.  Greg  TMS.  v. 
p.  68,  pi.  1.  f.  27. 

7*  Median  line  and  nodule  excentric, 

C.  ?  excentrica  (Donkin). — Suborbicu- 
lar, di^nded  imequaUy  by  the  median 
line,  which  does  not  reach  the  margin, 
and  fm-nished  with  fine,  dotted,  ti-ans- 
verse,  converging  striae.  Donkin,  TMS. 
vi.pl.  3.  f.lL  Marine,  (-m.  40.)  North- 
umberland. One  of  Dr.  Donldn's  in- 
terestiog  discoveries,  remarkable  for  the 
excentric  position  of  its  median  line  and 
umbilical  nodule,  and  probably  the  type 
of  a  new  genus.  The  stria3  converge 
towards  the  umbilicus,  their  puncta  neai- 
the  margin  are  closer  and  more  distinct, 
foi-ming  a  broad  border. 

8  *  Transverse  stria}  and  conspicuous 
margin, 

C.  coronata  (Bri.). — Valve  ovixl ;  strirn 
transverse,  reaching  the  conspicuous 
median  line,  sm-roiinded  by  a  costate 
band;  spaces  between  the  costas  punc- 
tate; costae  about  9  in  -OOl";  striae  15 
in  -001".  Bri  JMS.  vii.  p.  179,  pi.  9.  f.  3. 
Shell  cleanings.  West  Indies.  The  me- 
dian line  reaches  only  to  the  margin  of 
the  band;  breadth  of  band  '0002", 
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C./m6m!!a  (E.).— Valve  oval,  with  j 
a  crenate  intramargiual  line ;  coarse 
transverse  puncta  reaching  the  median 
line.  EB.  1858 ;  Bri  JMS.  vii.  p.  179, 
pi.  9.  f.  43.  Corsican  Algse.  This  species 
IS  readily  distinguished  by  its  peculiar 
looped  margin. 

Doubtful  and  undescribed  Species. 
C.  Navicula  (E).— Striated ;  the  navi- 
cular side  ovate ;  the  front  view  narrow- 
linear,  with  an  obscm-e  median,  longi- 
tudinal fiu'row.  KSA.  p.  53.  Baltic, 
parasitic  on  Bacillaria  paradoxa.  1-864". 

C.  paradoxa,  EM.  pi.  9.  2.  f.  5.  Fossil. 
Puy  de  Dome.  Figures  small,  elliptic, 
smooth,  with  one  or  two  median  longi- 
tudinal lines  and  no  nodule.  _ 

C.  JBritannica  (Nag.).— Large,  elliptic, 
smooth,  with  an  accessory  limb,  mar- 
ginal outwardly  ciu'ved  lines,  and  a  di- 


stinct median  nodule.  KSA.  p.  890.  Ou 
British  Algse. 

C.  tenuissima  (Nag.).  —  Elliptic,  very 
thin,  with  concave  venter  and  con- 
vex dorsum,  sometimes  with  a  narrow, 
opaque,  crenulated  limb.  KSA.  p.  890. 
On  British  marine  Algae.  Varies  in 
breadth  and  in  presence  or  absence  ot 
stripe  and  accessory  border. 

C.  disciformis  (E.),  C.  namcidaris  (E), 
C.  Scutum  (E.),  Swan  Eiver ;  C.  stellata 
(E.),  C.  undata  (E.),  Western  Asia  ;  C. 
tumida  (E.),  Hiver  Jordan ;  C.  acida{E.), 
Ural  Mountains ;  C.  turcjida  (E.),  Siberia; 
a  Indica  (E.),  C.  Bramaputra  (K),  C. 
angusta  (E.),  India;  C.  &Z  (E.),  O^is 
of  Jupiter  Ammon,  Africa ;  C.  SleUayi^), 
Tenerifte;  C.  Glam  (E.),  C.  Brasihemis 
(E.),  C.  lii-ata  (E.),  Brazil;  C.  Morrtsu 
(S.),  Black  Sea. 


FAMILY  XV.— ACHNANTHEiE. 


Frustules  genuflexed  downwards,  either  free,  adnate,  or  stipi^*^,  each 
InW  surface  having  a  median  longitudinal  Ime  and  the  mfenoi  one  a 
Pentml  noMe  or Sos  also.  The  Achnanthe^,  lilce  the  Cocconeide^,  have 
rtdiironly  on  tr inferior  valve;  bnt  this  is  almost  the  only  pomt  of 
resemice  %he  bent  frustxile  and  dissimilar  lateral  -rfaces  ^^t^^^^^ 
Jhis  family  from  eveiy  other.  In  their  mode  of  growth  the  Achnantheae 
resemble  the  BiddulphieEE. 

Tacters  to  other  families,  and  their  '^^'^'^^""J' ^^^P^l'^^^ 
erect  a  distinct  genus  on  principles  so  slight  and  precanons  (Mene^him; 

rounded  ;sti-h^.  obscui-e.  =  AW«  n- 


*  Frustules  minute,  smooth  or  obscicrely 
striated. 

AcHNANTHrDiTJM  microcepholum  (K.). 
—  Fi-ustules  extremely  minute;  valves 
lanceolate,  with  capitate  apices ;  striae 

narrow-linear.    l-looU  . 

Ctrinode  (Ar.). -Frustules  genicu- 
latt  valves  Vith  one  central  and  two 
te.minal  inflations  j  median  line  and 
central    nodule    distinct;  extremities 


nodis,  SBD.  ii.  p.  94.  Fresh  water. 
^t^iZ'?(Bi.b.).-F.-ustules 
minute ;  valves  oblong-lanceolate,  with 
obtuse  ends  and  turgid  centre  ;  stii^ 
obsciu-e.  Br6b.  in  KSA.  p.  54 ;  SBD.  u. 
n  80  nl.  37.  f.  304.  Fresh  water.  J^ai- 
fope.'^Fmstules2to  100 ;  stria3  40  in 
•001"  S  The  transverse  band  ot  tue 
lower  valve  sometimes  extends  to  both 
margins,  sometimes  is  bifid,  and  on  one 

half  onlv.  _     .  .  „ 

A.  delicatuhan  (K.). -Fiiistules  mi- 


OF  THE  ACHNANTHE.T:. 


873 


nute ;  vfilves  ventiicose,  witli  rostrate 
ends.  KB.  p.  75,  pi.  3.  f.  21.  Falcatdla 
delicatula,  Eab  D.  p.  46,  t.  5.  f.  4.  Sub- 
maa'ine.   Germany,  (xiv.  16.)  1-1680". 

A.  crtjptocephalum  (Niig-.).  —  Valves 
lanceolate  -  linear,  wim  the  subacute 
apices  attenuated  or  obsoletely  capitate. 
Niig.  in  KSA.  p.  890.  Switzerland. 

A.  lineare  (S.).  —  Frustules  minute ; 
valves  linear,  obtuse,  upper  with  median 
line  only,  lower  with  median  line  and 
nodules;  strife  obscure.  SBD.  ii.  p.  31, 
pi.  61.  f.  381.   Fresh  water.  Scotland. 

A.Jlexellum  (K.,  Br^b.).— Valves  ob- 
long, with  gibbous  middle  and  very 
obtuse  ends ;  median  line  sigmoid.  Br6b. 
KSA.  p.  54.  =  Cymbella.if)  flexella,  KB. 
p.  80,  pi.  4.  f.  14 ;  'Eab  D.  p.  23,  pi.  7.  f.  15 ; 


Achnanthes  Bavariea,  ERBA.  1853,  p. 
526;  Cocconeis  Thwaitesii,  SBD.  i.  p.  21, 
pi.  3.  f.  33.  Fresh  water.  Europe. 
1-650" ;  striae  indistinct ;  front  view 
with  genuflexed  venter,  convex  dorsum, 
obtuse  ends,  and  a  notch-like  ^unctum 
at  the  middle  of  the  lower  margm. 

2  *  Frustules  lanje,  distinctly  striated. 

A.  coarctatum  (Br6b.). — Valves  elon- 
gated, linear-oblong,  constricted  at  the 
middle,  with  slightly  attenuated,  obtuse 
ends,  strife  distinct.  Br6b.  in  SBD.  ii. 
p.  31,  pi.  61.  f,  379.  =  Achnanthidium 
Otrajitinum,  Rab  D.  p.  25,  pi.  8.  f.  3; 
Achnanthes  binodis,  EM.  pi.  34.  5  B.  f.  1  ?. 
Fresh  water.  Eiu'ope,  Africa,  America, 
(vn.  41.) 


Genus  ACHNANTHES  (Bory  St.-Vinc,  Ag.).  —  Frustules  bent,  solitary 
or  aggregate,  attached  to  a  stipes,  a  central  nodule  in  the  lower  or  ventral 
valve  only.  The  frustules  are  bent  downwards  ;  so  that  the  upper  margin  is 
convex,  the  lower  one  concave.  In  some  species  the  lateral  portions  are 
turgid,  the  central  one  looking  like  a  band  between  them ;  in  others  they  do 
not  enter  into  the  front  view.  The  superior  lateral  surface  differs  from  the 
lower  in  the  absence  of  the  central  transverse  peUucid  line  and  central  nodule, 
the  latter  appearing  like  a  punctum  ia  the  front  view.  A  median  longitu- 
dinal line  is  present  in  both  valves.  In  their  obscure  striis  "  thi-ee  species 
(minutissima,  exilis,  parvida)  present  great  analogy  of  fonn  with  the  pre- 
ceding genus.  In  one  of  these  (parvula)  there  is  wanting  the  characteristic 
angular  bending,  for  which  reason  it  becomes  very  similar  to  Odontidium 
and  Diadesmis.  The  other  species  (striatce)  differ  only  by  veiy  slight  cha- 
racters from  each  other  "  (Meneg.). 


*  Valves  divided  by  two  constrictions 
into  three  lobes. 

Achnanthes  ventricosa  (E.). — Valves 
divided  by  two  constrictions  into  three 
oblong  inflations ;  apices  roimded  ;  striae 
distinct.  EM.  1. 1.  2.  f.  9 ;  1. 1. 3.  f.  18, 
\Q.=Monogramma  ventricosa,  E.  Asia, 
Africa,  America. 

2  *  Valves  distinctly  striated,  not  three- 
lobed.  Marine. 

t  Valves  costate. 

A.  longipes  (Ag.). — Greg;aiious ;  valves 
elliptic-oblong,  costate,  with  monUiform 
striae  between  the  costae.  ASA.  p.  1 ; 
KB.  p.  77,  pi.  20.  f.  1 ;  SBD.  ii.  p.  20, 
f.  300.  =  Conferva  stipitata.  Eng.  Bot. 
t.  2488;  A.  Carmichaelii,  Grev.  in  Br.  Fl. 
ii.  p.  404.  (vn.  42.)  On  Marine  Algw. 
Europe,  Amei-ica.  Few-pointed;  frus- 
tules large,  with  stout  elongated  stipes ; 
front  view  turgid,  with  convex  dorsum. 
1-570"  to  1-120". 


2 1  Valves  striated,  but  not  costate. 

A.  brevipes  (Ag.). — Gregarious ;  valves 
oblong,  with  attenuated  acute  ends ;  striae 
distinct,  moniliform,  20  in  -001";  stipes 
stout,  short.  Ag  CD.  p.  59 ;  SBD.  ii.  p.  27, 
pi.  37.  f.  301.  Marine.  Europe,  Ame- 
rica._  (x.  199-202.)  Fi-ustules  large,  very 
turgid  in  front  view,  with  convex  dor- 
sum.   1-860"  to  1-180". 

A.  salina  (K.).  —  Frustules  stiiated, 
very  turgid,  obtuse-angied,  genuflexed, 
with  slightly  notched  venter ;  valves 
broadly  linear,  with  cuneate  ends ;  strife 
punctated ;  stipes  very  short,  thick.  KB. 
p.  77,  pi.  20.  f.  5.  Salt  marshes.  Europe. 
DifTers  from  A.  bi-evipes  only  in  its  more 
linear  valves  and  cuneate  ends.  Professor 
Smith  was  probably  right  in  uniting 
them. 

A.  intermedia  (K.). — Few-jointed; 
frustules  striated,  obtuse-angled,  turgid ; 
valves  sublineai",  with  acutely  cuneate 
ends;  stipes  short,  distmct,  hne.  KB. 
p.  76,  pi.  20.  f.  6.  On  Enteromorpha 
tntcstinalis.  Germany,  France.  Smaller 
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tlian  A.  brevipeS)  witli  less  turgid  dorsum 
and  finer  atv'm ;  but  we  doubt  wbethor 
they  are  ti'idy  distinct. 

A.  rhomboides  (E.)-— Frastules  large, 
striated,  very  turgid,  nearly  straight; 
valves  broadly  lanceolate,  almost  rhom- 
boid, with  acute  apices;  8tij)es  short, 
thick.    EA.  p.  121.  =  A.  ventricosa,  KB. 

76,  pi.  20.  f.  7.    Marine.  America, 
Em-ope. 

A.  miiltiarticulata  (Ag.).  —  Frustules 
striated,  tm-gid,  with  rather  obtuse 
ano-les ;  valves  elliptic-lanceolate ;  stipes 
stout,  short.  Ag  CD.  p.  59 ;  liB.  p.  76, 
pi.  20.  f.  8.   Marine.   Em-ope.  1-312". 

A.  Capensis  (K.).— Frustides  striated, 
turgid,  obtuse-angled ;  valves  lanceolate- 
elliptic  or  oblong ;  stipes  elongated,  stout. 
KB.  p.  76,  t.  21.  f.  1.  Marine.  Cape 
of  Good  I-Iope.  1-600".  It  varies  with 
few  or  many  fi-ustules. 

A.  bacilldris  (E.).— Frustules  narrow, 
striated,  each  slightly  infiexed  at  the 
middle,  both  dorsaUy  and  ventrally 
equally  bacillar,  with  rounded  ends ; 
stipes  short.  ERBA.  1843,  p.  256.  Ma- 
rine. Venice.  Often  in  long  series.  It 
is  smaller  than  A.  loncjipes,  and  more 
slender  than  A.  brevipes,  E. 

A.  subsessilis  (K,).— Scattered,  of  few 
frustules  ;  valves  linear-oblong,  with 
rounded  ends;  striae  moniliforni,  24  m 
•001" ;  stipes  nearly  obsolete.  KB.  p.  /6, 
t.  20.  f.  i-  SBD.  ii:p,28,  pi.  37.  f.  302.= 
Achnanthes  tur(/ens,EA.  p.  121.  Common 
on  filifoi-m  species  of  Enteromoi-pha  in 
salt  marshes.  Eiu-ope,  America.  1-1150' 
to  1-430".  (vii.  43.)  Easily  recognized 
by  its  aU  but  sessile  frustules. 

A.  annustata  (Grev.).  —  Front  view 
naii-ow;  length  -0060" ;  breadth  -0004" ; 
striffi  24  in  -001".  Grev  MJ.  vii.  p.  163, 
pi.  8.  f.  9.  In  Califomian  giiano.  1  he 
strife  agree  in  number  with  those  of 
A.  subsessilis;  the  relative  length  and 
breadth,  however,  of  the  valve,  as  seen 
in  the  fi-ont  view,  is  so  widely  different 
from  the  proportions  of  the  species  above 
mentioned,  that  the  possibility  of  its 
beino'  a  variety  cannot  be  entertamed 
(Greville). 

A.  cristata  (Rab.). —Valves  oblong- 
elliptic;  striiB  gently  ciu'ved,  _  coarsely 
moniliform,  distant,  9  to  10  m  -001". 
RabD.p.26,pl.8.f.7.  Italy. 

A.  c/enujlexa  (K.). -Frustules  smaU, 
striated,  turg-id,  obtuse-angled,  strongly 
bent;  stipes  short,  rather  stout.  KB. 
p.  76  pi.  21.  f.  3.  Marme.  Genoa.  , 
^  A-  Oregoriana  (Grev.).  -  Front  view 
of  frustule  broadly  linear  ;  8triiX)  A^erv 
tine;  length  -OOOO"  to  -0080";  breadth 


•0010"  to  -0015".  Grev  MJ.  vii.  p.  84, 
pi.  6.  f.  13, 14.  Marine.  Scotland.  In 
point  of  size  it  rivals  A.  lonyipit's,  but  is 
■widely  separated  from  it  in  the  character 
of  the  striation  alone,  to  perceive  wliich 
requires  not  only  a  good  object-glass  but 
delicate  manipulation.  As  in  many  of 
its  congeners,  the  fmstules  vary  gi-eatly 
in  both  length  and  breadth  (Grev.). 

A.  pachypus  (Montague).  —  Frustules 
small,  finely  striated,  obtuse-angled, 
rather  turgid  ;  valves  eUiptic-oblong ; 
stipes  stout,  very  short.  Mont.  Flor. 
Boliv.  pi.  1;  KB.  p.  76,  pi.  29.  f.  83. 
Marine.  Europe,  Asia,  America.  1-1730" 
to  1-1320". 

K.parmla  (K.). —Frustules  minute, 
neariy  straight,  obtuse-angled;  valves 
eUiptic-oblong,  obtuse,  finely  sti-iated; 
stipes  rather  stout.  KB.  p.  76,  t.  21.  f.  5. 
On  Enteromoi-pha  ia  brackish  water. 
Europe.  Frustules  stouter  than  in  A. 
exilis. 


3  *  Very  minute ;  strice  wanting  or 
indistinct.    Fresh  water. 

A.  exilis  (K.).  —  Frustules  slender, 
linear ;  valves  lanceolate,  tapering  to 
the  subacute  apices;  striae  indistinct; 
stipes  slender,  elongated.  KB.  p.  /6, 
t.  21.  f.  4 ;  Ralfs,  ANH.  xiii.  p.  14.  f.  12 ; 
SBD.  ii.  p.  29.  Fresh  water.  Em-ope, 
Asia,  America,  (vn.  44.)  A.  exilis  is 
easily  known  by  its  minute,  slender, 
hyaline  fi'ustules  fi-om  every  other  spe- 
cies except  A.  minutissima.  From  that 
species  it  differs  by  its  tapering,  more 
lanceolate  and  acute  valves,  and  by  its 
elongated  stipes. 

A.  minutissima  (K.).— Fmstules  slen- 
der, linear;  valves  linear-oblong,  with 
rounded  ends ;  striae  obsolete ;  stipes 
fine,  shorter  than  the  frustule.  KB. 
p. 75,  pL  13.  f. 2c ;  Ralfs,  ANIL  xm.  pl.  14. 
f.  11.  Freshwater.  Europe._  Wetor- 
merly  considered  this  a  vai-iety  of  A. 
exiUs,  and,  still  doubting  .^l^ether  the 
difierences  are  constant,  thmk  that  X  ro- 
fcssor  Smith  may  rightly  have  united 
them. 

Bouhtfid  Species. 
A.  ?  arenicola  (Bail.).— Fi-ustides  mi- 
nute, rectangular  or  slightly  ciu-ved ; 
valves  lanceolate,  sti-iat^e ;  stipes  short. 
Bail.  Sm.  Cont.  ii.  p.  38,  pi.  2.  f.  1.). 
Marine.  America.  It  is  possibly  a  spe- 
cies of  Hyalosira,  but  requires  fiirthei 

'*A^  £mk,  EM.  pi.  35  a.  2.  f.  1. 
South  Africa.     R-ustules  linear,  um- 
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formly  curved,  with  trimcato  ends  and 
striated  margin. 

A.  ?  incequalis  (E.).  — Unequally  bent 
and  smooth.  EM.  pi.  16.  1.  f.  46,  & 
pi.  17.  2.  f.  25.  Fossil.  Sweden,  Finland. 

A.? paradoxa  (E.). — Fx'ustulea  ovate, 
obtuse,  twice  as  long  as  broad,  with  16 
transverse,  scabrous,  punctated  lines  in 
1-1152".   EEBA.  1845,  p.  73.  FossH. 


United  States.  1-900".  No  nodule  ob- 
seiTed,  E. 

Species  known  to  us  only  hy  natne. 

A.  turyida  (E.),  Australia,  America ; 
A.  Indica  (E.),  India;  A.  Juvanicu  (E.), 
Java;  A.  obtusa  (E.),  Africa;  A.  Semen 
(E.),  America;  A.  Brasiliensis  (E.),  Bra- 
zil ;  A.  incrassata  (E.),  America. 


Genus  CYMBOSIRA  (Kiitz.). — Erustules  as  in  Achnanthes,  stipitate,  con- 
nected into  series  by  a  gelatinous  process  or  hinge  (isthmus).  C^onbosira 
differs  from  Achnanthes  by  the  same  character  as  Diatoma  from  FragUaria. 


CYMBOsmA  Ayardhii  (K.^.  —  Fi-us- 
tides  liueai",  slightly  cm-ved,  with  rounded 
apices;  valves  linear,  oblong,  scarcely 
dilated  at  the  midcUe,  with  rounded 


obtuse  apices.  KB.  p.  77,  pi.  20.  f.  3. 
= Achnanthes  seriata,  AgCD.  Marine. 
Venice,  Cayenne,  (xrv.  14.).  1-960"  to 
1-288".    Stipes  very  short. 


Genus  MON'OGEAMMA  (Ekr.). — Frustules  fiu-nished  with  transverse  pin- 
nules, a  median,  transverse,  linear  band  on  one  valve  only,  three  ventral 
nodiiles  and.  two  dorsal.  (=Stauroptera  with  a  stauros  on  one  valve  only,  or 
to  a  solitary  Achnanthes  with  terminal  puncta. — EEBA.  1843,  p.  136.)  Not- 
withstanding Ehrenberg's  remarks,  we  cannot  distinguish  this  genus  from 
Achnanthidium.    The  species  are  known  to  us  only  by  name. 

MoNOGBAMMA  Achianthes  (E),  India. 


M.  trinodis  (E.),  Sandwich  Islands. 


M.  ventricosa  (E.)  =  Achnanthes  ven- 
tricosa. 


FAMILY  XVI.— CYMBELLE^. 

Frustules  cymbiform ;  valves  lunate,  with  a  longitudinal  line,  and  mar- 
ginal or  subcentral  nodule.  In  shape  the  CymbeUeae  are  very  similar  to  the 
Eunotieffi,  but  they  differ  essentially  both  from  them  and  the  Naviculcas  by 
the  median  nodules  of  the  lateral  surfaces  being  marginal  or  submarginal. 

Genus  CYMBELLA  (Ag.,  Klitz.).— Frustules  free,  cymbiform  ;  transverse 
striae  interrupted  by  a  longitudinal  Line  having  central  and  terminal  nodules, 
and  dividing  the  valve  into  unequal  portions.  The  frustules,  in  the  lateral 
view,  have  one  margin  (dorsum)  convex,  and  the  other  (venter)  straight,  or 
at  least  less  developed.  In  consequence  of  this  form,  the  longitucHnal  line 
divides  the  sui-face  unequally,  being  much  nearer  the  lower  margin.  Cymbella 
includes  species  distributed  in  the  genera  Cocconema,  Navicula,  and  Pinnu- 
laria  of  Ehrenberg's  system. 

about  20  in  -001",  scai'cely  reaching  the 
median  line. 

2*  Valves  toithout  triunditlate  margins. 

t  Valves  with  produced  or  capitate 
apices. 

C.  Ehrenberyii  (K.). — Valves  broadly 
lanceolate,  with  unequal  sides,  suddenly 
contracted  into  rather  obtuse,  slightly 
produced  apices ;  transverse  striiu  di- 
stinct, punctate,  12  in  1-1200".  IG3.  p.  79, 
t.  6.  f.  11 ;  SI3D.  i.  p.  17,  pi.  2.  f.  21.  =Na- 
ricula  iiioifjua/is,  E  Inf.  t.  13 ;  Pinnularia 
inmitmlis,  JiJNl,  )iinny  figures.  Common, 


*  Valves  ivith  one  inargin  triundidate. 

Cymbella  Arms  (Greg.).  —  A^alves 
slender,  semilanceolate,  with  straight 
venter,  convex,  triimdulate  dorsum,  and 
produced,  minute,  capitate  apices.  Greg. 
m  MJ.  iv.  p.  6,  pi.  1.  f.  21 ;  SBD.  ii. 
p.  86.  Scotland.  Minute ;  longitudinal 
line  and  nodules  submarginal ;  transverse 
8tria3  vei-y  fine,  40  in  'OOl". 

C.  sinuata  (Greg.).— -Valves  lanceolate, 
■with  subcapitate  apices,  gently  convex 
dorsum,  and  triundulate  venter,  Greg 
M.7.  iv.  p.  4,  pi.  1.  f.  37.  Scotland: 
Minute;  transverse  striro  conspicuous. 
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both  recent  and  fossil.  Europe,  Asia, 
Afi-ica,  America,  (vii.  46;  ix.  IM.) 
Large;  lengtli  1-216".  Differs  from  a 
Navicula  only  in  having  one  margm  of 
the  valves  less  convex  than  the  other. 

C.  heteropleura  (E.,  K.).  —  Valves 
broadly  lanceolate,  with  unequally  con- 
vex sides,  suddenly  contracted  into  short, 
broad,  very  obtuse,  beak-like  apices; 
striffi  distinct.  KB.  p.  79.  =Pinnularia 
heteropleura,  EM.  pi.  5.  2.  f.  11.  North 
America.  Large ;  allied  to  C.  Ehren- 
lerqii,  but  with  more  obtuse  apices. 

0.  cuspidatu  (K.).— Valves  broadly 
lanceolate,  with  imequally  convex  sides, 
suddenly  contracted  into  subacute,  short, 
rosti-ate  apices ;  strife  delicate,  18  to  20 
in  1-1200''.  KB.  p.  79,  t.  3.  f.  40 ;  SBD  i. 
p.  18,  pi.  2.  f.  22.  Europe.  1-576  . 
(VII.  45.)  Differs  from  the  preceding- 
species  in  its  smaller  size,  more  graceful 
form,  and  narrow  beaks. 

C.  rostrata  (Rab.).  —  Valves  semilu- 
nate,  with  dorsum  sti-ongly  and  venter 
slightly  convex;  ends  produced  into 
short,  subacute  beaks ;  sti'ise  dotted,  con- 
vergi'ng,  12  or  13  in  1-1200".  Rab  D. 
p.  22,  7.  f.  5.  Italy.  Small.  Very 
nearly  allied  to  C.  cuspiclata. 

G.porrecta  (Rab.).  —  Valves  tui-gid- 
lanceolate,  with  unequal  margins;  ends 
produced  into  rather  long,  stout,  obtuse 
beaks;  strise  stout,  somewhat  converg- 
ing, 6  in  1-1200".  Rab  D.  p.  22,  pi.  10. 
f.  10.  Italy.  Venter  less  tm'gid  than 
the  dorsum. 

C.  fornicata  (Rab.).— Valves  lunate, 
with  very  fine  convex  dorsum,  gibbous 
venter,  and  produced,  obtuse,  rostrate 
ends;  sti-iai  fine,  smooth,  i  or  8  m 
1-1200".    Rab  D.  p.  22,  pi.  10.  f.  9. 

Persia.  ,       „  ,i 

0.  ampMcephala  (Niig.).  —  Smooth  ; 
valves  elliptic,  with  unequal  sides  and 
produced  capitate  apices ;  front  ww 
oblong  with  truncate  ends.  KbA.  p.  tiM. 
Switzerland. 

C.  cequalis  (S.).— Valves  lanceolate, 
nearly  symmetrical,  with  shortly  pro- 
duced, slightly  cm-ved,  obtuse  extre- 
S;stL4e,  30  in-001".  SBD.  i^ 
n  84;  Grev.  in  ANH.  2  ser.  xv.  pi.  9 
f-"4  Britain.  A  very  distinct  species, 
which  differs  from  Navicula  only  by  the 
slightly  curved  ends,  Grev. 

\  pachycephala  (Rab.).-Valves  semi 
lunate,  curve'd,  with  very  convex  dorsum 
and  g  bbous  venter,  strongly  constricted 
beneath  the  produced  capitate  apices; 
sS  granulafe,  somewhat  comjrgm^^ 
7  or  8  in  1-1200".  Rab  D.  p.  22.  -  C. 
curycephala,  Rab.  t.  7.  f  10.  Servia. 


C.  qnthemioides  (Rab.).— Valves  arcu- 
ate, with  convex  dorsum,  concave  venter, 
and  produced,  obtuse,  slightly  recurved 
ends;  stritE  stout,  somewhat  converg- 
ing, 6  in  1-1200".  RabD.  p.  22.=  6'. 
costata,  Rab.  t.  7.  i.  16.  Salzburg. 
Like  an  Epithemia,  but  having  a  central 
nodule. 

C.  Gregorii  (Ralfs).— Valves  arcuate, 
with  convex  dorsum,  straight  yenter,  and 
slightly  produced  truncate  apices ;  striie 
distinct.  =  C.  imncata,  Greg,  in  MJ .  iii. 
p.  38,  pi.  4.  f.  3.    Scotland.  Small. 

C.  turgida  (Greg.).  —  Valves  lunate, 
with  tm-gid,  convex  dorsum,  nearly 
straight  venter,  and  produced,  niinute, 
acute  apices;  strise  vei7  conspicuous, 
about  24  in  -001".  Greg  MJ.  iv.  p.  5, 
pi.  1.  f.  18.    Scotland,  America. 

C.  Piscicidus  (Greg.).— Valves  lanceo- 
late, with  convex  dorsum,  nearly  sti-aight 
venter,  and  obtuse,  subcapitate  apices ; 
striffi  about  30  in  -OOl".  Greg,  m  MJ. 
iv.  p.  6,  pi.  1.  f.  20.  Britam. 

U.  excisa  (K.).— Valves  semilunate, 
with  slightly  recmwed,  produced  apices, 
very  convex  dorsum,  and  a  straight 
venter,  notched  at  its  middle ;  striae  16 
in  1-1200".  KB.  p.  80,  pi.  6.  f.  1/. 
Em'ope.  Minute. 


2 1  Apices  neither  rostrate  nor  capitate. 

0.  affinis  (K.).  —  Valves  lanceolate, 
^^-ith  subacute,  scarcely  produced  apices, 
and  the  dorsal  mai-ginmore  convex  than 
the  venti-al ;  strife  faint,  19  m  1-1200  . 
ICB.  p.  80,  pi.  6.  f.  15 ;  SBD.  i.  p.  18,  pi.  30, 
f  250.  =  Cocconema  Fusidium,  EM.  many 
figures.  Europe,  Asia,  Austi-alia,  Afiica, 
America.  Minute;  terminal  nodules 
large.    1-1150"  to  1-620" 

0.  delicatula  (K.).— halves  imequaUy 
and  narrowly  lanceolate,  smooth.  KbA. 
T)  59.  France.  Minute.  1-12UU  . 
^'  C.  obtusiuscula  (K.).— Valves  lanceo- 
late, with  one  margin  rather  less  convex 
than  the  other;  apices  somewhat  obtuse, 
not  produced ;  strife  fine,  18  to  20  m 
1-1200".  KB.  p.  79,  pi.  3.  f.  68  Eui-ope. 
1-600".  Difiers  from  a  Navicula  only  by 
its  slightly  unequal  margins. 

C.  Helvetica  (K.).— Valves  elongated, 
somewhat  arched,  slender-lanceolate, 
with  slightly  gibbous  venter,  and  rathei 
obtuse  apices  ;  strife  fine,  E^^'^f^^f^f 
or  14  in  f-1200".  SD  i.  p.  18,  pl-  2.  f.  24. 
Europe,  (xiv.  24-28.)  Lai-^e.  1-264 
to  1-240".  Front  view  oblong,  trun- 
cate.    Akin  to  C.  gastroides,  but  more 

slender,  K.  ,        i  j 

G.vmxuna  (Niig.). -Valves  slender, 
with  attenuated,  rather  obtuse  ends,  and 
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inflated  venter;  striaa  IG  in  1-1200." 
KSA.  p.  890.  Switzerland.  1-180"  to 
1-120". 

C.  ffastroides  (K.).  —  Valves  lunate, 
with  ohtuse  apices ;  venter  slightly  con- 
cave, with  giobous  centre ;  striae  granu- 
lated, 11  or  12  in  1-1200".  KB.  p.  79, 
pi.  6.  f.  4  b.  Em-ope.  (xiv.  18-20.) 
Large. 

C.  truncata  (Rah.). — Valves  as  in  C. 
ffastroides,  but  with  broadly  truncate 
apices.  Rab  D.  p.  21 ;  C.  fulva,  t.  7.  f.  3. 
=  C.  ffastroides,  KB.  p.  79,  pi.  6.  f.  4  a. 
Europe. 

C.  leptoceras  (E.,  K.). — ^Valves  slender, 
ai'cuate,  with  gibbous  venter  and  attenu- 
ate apices ;  strife  vei7  fine,  17  in  1-1200". 
KB.  p.  79,  pi.  6.  f.  14.  =  Cocconema  lep- 
toceras, EA  and  M.  many  figures.  Eu- 
rope, Asia,  Australia,  Afiica,  and  Ame- 
rica. Minute ;  front  view  elliptic-oblong, 
with  roimded  ends. 

C.  macidata  (K.). — Valves  semiorbicu- 
lar,  with  very  convex  dorsum  and  straight 
or  gibbous  venter  ;  sti-ife  very  fine,  12  to 
13  in  1-1200".  KB.  p.  79,  pi.  6.  f.  2.  = 
C.  Lumda,  Rab  D.  p.  23.  =  Cocconema 
Limida,  EA  and  M.  many  figures.  Com- 
mon. Em-ope,  Asia,  Africa,  America. 
IVIinute ;  fi'ont  view  elliptic,  with  trun- 
cate ends. 

C.  ohtusa  (Greg.). — ^Valves  semi-oval, 
with  very  obtuse  apices,  convex  dorsiim, 
and  nearly  straight  venter;  striie  very 
fine,  inconspicuous,  about  36  in  -001". 
Greg  MJ.  iv.  p.  5,  pi.  1.  f.  19.  Scotland. 
Minute. 

C.  ventricosa  (Ag.). — ^Valves  semilu- 
nate,  with  very  convex  dorsum,  straight 
venter,  and  large,  distinct  terminal 
nodules ;  strias  inconspicuous,  30  in 
•001".  Ag  CD.  p.  9 ;  KB.  p.  80,  pi.  6. 
f.  16;  SBD.ii.  p.  84.    Em-ope.  Minute. 


1-1000".  Front  view  oblong,  with  trun- 
cate ends. 

C.  microstoma  (Rab.). — ^Valves  lunately 
curved,  with  broadly  obtuse  ends ;  dorsum 
convex,  depressed  at  the  centre ;  venter 
concave ;  nodules  very  minute ;  striae 
smooth,  7  or  8  in  1-1200".  Rab  D.  p.  22, 
t.  10.  f.  3.  Persia. 

C.  Scotica  (^S.). — ^Valves  slender,  semi- 
lanceolate,  with  straight  ventral  margin 
and  acute  apices;  strias  42  in  -001". 
SD.  i.  p.  18,  pi.  2.  f.  25.  Britain. 

C.  ffracilis  (E.,  K.).  — Valves  slender, 
semUanceolate,  with  sti-aight  or  slightly 
concave  ventral  margin  and  subacute 
apices ;  strias  very  fine  or  obsolete,  17  in 
1-1200".  KB.  p.  79,  pi.  6.  f.  9.=  Cocco- 
neyna  gracile,  EM.  several  figures.  Eu- 
rope, Asia,  Ajfrica,  America.  Loxigh 
Mourne  deposit.  Small.  1-840"  to 
1-600". 

C.  limata  (S.). — ^Valves  narrow,  lunate, 
with  slightly  concave  venter,  and  rather 
obtuse  apices ;  striae  distinct,  24  in 
•001".  SBD.  ii.  p.  .84.  Grev.  in  ANH. 
2nd  ser.  xv.  pi.  9.  f.  5.  Scotland.  Di- 
stinguished from  C.  Helvetica  by  its 
smaller  size  and  concave  venter,  and 
fi-om  C.  Scotica  by  its  coarser  striae  and 
obtuse  ends,  Grev. 

C.  cur  Data  (Rab.). — Valves  smooth, 
lunate,  with  convex  dorsum,  slightly  con- 
cave venter,  and  obtuse  ends.  Rab  D, 
p.  23,  t.  7.  f.  14.  6.  Italy. 

C.  ?  Diance,  E.  =  Cocconema  Diancs, 
EM.  pi.  15  A.  f.  100  a.  Lough  Mom-ne 
deposit.  Small.  Valves  lunate,  Avith 
convex  dorsum,  concave  venter,  and  ob- 
tuse apices. 

C.  ?  Navicula  =  Cocconema  Navicula, 
EM.  pi.  17.  2.  f.  35.  Finland.  —Valve 
lanceolate,  with  the  dorsum  rather  more 
convex  than  the  venter. 


Genus  COCCONEMA  (Ehr.).  —  Frustules  cymbiform,  stipitate  ;  lateral 
surfaces  lunate,  striated,  and  divided  unequally  by  a  longitudinal  line  with 
median  and  tenninal  nodules.  The  frustiiles  are  similar  in  form  to  those  of 
Cymbella,  and  when  detached,  their  proper  genus  is  often  doubtful ;  the  lower 
margin,  however,  is  less  frequently  convex  than  it  is  in  CymbeUa. 


Cocconema  laneeolatum  (E.). — ^Front 
view  lanceolate,  truncate ;  valves  elon- 
gated, arcuate,  or  semilanceolate,  centre 
of  venter  gibbous  ;  striae  moiiiliform,  21 
in  -001".  EL  t.  19.  f.  6  s  SBD.  i.  p.  75, 
pi.  23.  f.  219.  Europe,  Asia,  Austraha, 
Africa,  America,  (x.  194, 195.)  Leng-th 
1-210"  to  1-120".  Venti-al  margin  of 
frustule  nearly  straight,  with  slightly 
gibbous  centre;  stipes  dichotomous, 
articulated. 


C.  asperum  (E.). — Habit  and  size  of 
C.  laneeolatum,  but  with  strin3  denticu- 
late or  interrupted  by  piuicta.  ElM. 
many  figm-es.  Australia,  Asia,  Ame- 
rica ;  fossil,  France.  1-288".  We  fear 
this  form  is  scarcely  distinct  from  C. 
laneeolatum. 

C.  fossile,  EM.  t.  19.  f.  57.  Greece. 
Ehrenberg's  figure  represents  a  smaller 
species  than  t*.  asperum,  with  straiglit 
ventral  margin,  nearly  marginal  longi- 
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tuclinal  line  and  nodules,  and  denticulate 

strire.  ,  .    ,  i 

C.  J?remw(Nag-.).— M'^nate;  valves 

slender,  subluuate,  Avith  attenuated  ends 

and   obtuse   apices;   stiice  venr  tine. 

KS\  p  890.  Rocks  in  streams,  bwitzer- 

land.    Large;  stipes  long,  articidated; 

fi-ustules  ia  front  view  lanceolate. 

0.  cornutmn  (E.).— Valves  slender; 

limate,  gi-adually  tapei-iug  into  long  ends, 

with  obtuse  apices;  venter  concave,  gja- 

duaUv  tiunid  at  its  middle.  EM.  pi.  15  a. 

f  94    America,  Berlin.   Lough  Mourne 

deposit.    Large;  diflers  from  C.  lanceo- 

Icitum  in  its  more  slender  and  tapering 

^°^C.'  Mexicanum  (E.).— Stout;  valves 
limate,  with  obtuse,  slightly  produced 
ends;  ventral  margin  shghtly  tnmid ; 
dorsum  very  convex;  striiSB  iH  m 
1-1162",  distinctly  and  elegantly  granu- 
losa. EM.  pi.  33.  7.  f.  6,  7.  Mexico. 
Large.    1-206".  ^      ^  ... 

C.  Cistula  (E.).— Valves  lunate,  with 
very  convex  dorsum,  and  the  concave 
yenter  tumid  at  its  centime ;  stipes  elon- 
gated, filiform,  subsimple.  Li.  t.  IJ. 
I  7  ;  SBD,  i.  p.  76,  pi.  23.  f.  22L  =  Gom- 


phonema  scmi-clhpticum,  Ag  OU.  p.cid, 
G.  simplex,  KSA.  P- 37-  Europe  Asia, 
America.  (x.  196-198.)  1-1150  to 
1-430".      Front  view  eUiptic-obiong, 

with  obtuse  ends.  n  ^  ^-  ^  ? 

C.  Grcecyum  (E. ). -Habit  of  G  Cidula, 
but  with  stronger  and  fewer  stoSB,  12  to 
13  in  1-576".  ERBA.  1840,  p.  li. 
Greece.  1-575". 

0.  ?  hiceps  (E.).— Valves  turgid,  semi- 
oval,  each  ends  in  a  flat  and  tumid  mar- 
..in,  suddenly  rostrate,  obtuse;  sides 
lougitudinaUy  sulcate  and  transversely 
striate.  ERBA.  1845,  p  362  Marme. 
India.   1-576".    Habit  of  C  tts<M?«. 

C.  cymhiforvie  (Ag.,  E.).-Slender ; 
valves  lunate,  with  somewhat  obtuse 
apices;  venter  straight  or  slightly  con- 
cave, with  rather  tmnid  centre ;  stipes 
intricate,  forming  a  compact  gelatinous 
mass     EI.  pL  19.  f-  8  ;  SBU.  i.  p.  /6, 
nl  33  f-  220.  =  Gyrnhella  cipnhifonms, 
Aff  CD  p.  10;  Fmstulia  cipnhtformis, 
K§A    Europe,  Asia,  America,  (xii. 
m^'  1-500''   to   1-150".  Transverse 
staifB  16  in  1-1200".    Front  view  hnear- 
lanceolate,  with  truncate  ends.  It  foi-ms 
a  bTownish  compact  covermg  on  rocks, 
which  is  frequently    of  considerable 

^^S'r^Silrcl^-S^nder  Bli^^. 
curbed,  smooth  (?),  with  acute  end  , 
ventral  margin  slightly  ttiniid  in  the 
middle.  EA.  p.  123.  Labrador,  1  alaisc  ^ 


Small ;  habit  of  a  curved  Navicula  am- 
phioxys. 

C.  'tumidum  (BriSb.).— Valves  semilu- 
nate,  with  obtuse,  scarcely  produced 
ends;  ventral  margin  nearly  straight; 
front  view  lanceolate,  with  truncate 
apices.  KSA.  p.  60.  France.  Small. 
1-576".  StrifE  16  in  1-1200".  Stipes 
elongated,  filifonn,  simple.  , 

C.  qffine  (K.).— Valves  lunate,  with 
very  convex  dorsum;  stipes  mtncate. 
KSA.  p.  59.  France.  Minute.  Resembles 
Cymhdla  affinis,  but  is  stipitate.  _ 

C.  gihhum  (E.).— Valves  semieUiptic, 
with  truncate,  slightly  produced  apices  ; 
ti-ansverse  stiise  very  delicate.  KB.  t.  b. 
f .  6.  Europe,  Asia.  (xni.  10.)  l-4»0  . 
j3  sessile.  Stipes  obsolete.  =  CymbeUa 
Orsiniana,  Rab  D.  p.  23. 

0.  Arms  (E.).— Semilunate,  with  ob- 
tuse apices ;  dorsiun  very  convex,  venter 
not  gibbous.  EM.  several  figures.  Asia, 
America,  Lough  Mom-ne  deposit. 

C.  parmm  (S.).— Valves  kmate,  with 
subactite  ends;  venti-al  margin  scarcely 
gibbous ;  fi-ont  view  nearly  linear.  bBU. 
f  n  76  nl  23.  f.  222.  (vn.  47.)  Cbflt, 
Be^achy  Seal  I^Iinute.  -0009"  to  -0016". 
Strife  21  in  -001".     ,  ^  . 

0.  Saxonicum  (Rab.).— Valves  senu- 
kmate,  with  acute  ends ;  venti-al  margin 
straight  or  slightly  concave  ;  dorsum  vezy 
convex ;  sti-ije  faint.  Rab  U.  p.  24,  t  10 
f  11.  Saxony.  Mmute.  The  front 
^iew  is  figm-ed  as  oblong,  with  tinmcate 
ends,  and  the  stipes  dilated  beneath  the 

^'^c'^Boechii  (E.).-Valves  elongated, 
lanceolate,  with  subacute  apices ;  front 
view  linear-lanceolate,  obtuse  ;  sti-ise  26 
in  1-1200".    E  Inf.  1. 19.  f.  5.  =  Goinpho- 
nema  lanceoMum,  Ag  CD.  p.  34;  JJo,^- 
phoraBoecUi,  SBD.  i.  p.  /  /,  P^' r^;-"- 
Marine.    Em-ope.     Large.    l-2iO  to 
1-120     Stipes  dichotomously  divided, 
(-vrr   48^     This  species  is  no  doubt 
wronoly  referred  to  Cocconema,  smce 
both  margins  of  the  lateral  valves  are 
symmetrical.    We  regard  i  a^  a  stalked 
Navicida,  and  find  a  central,  though  m- 
conspicu^us,  nodule-a  f  *  w  uc^  je 
thinS,  forbids  it  being  placed  in  Doiy- 
phora  as  Professor  Smith  proposed. 


Species  hnmon  to  us  only  by  name. 

C.  sicUih  (E.),  Asia,  Aniericu;  C. 
cinqulatum  (E.),  Georgia; 
Jn  (E.),  Java;   C.  Araucamm  (E.), 
America. 
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Genus  SYNCYCLIA  (Ehr.) — Prustiiles  eymbiform,  connected  in  a  circular 
manner  -within  an  amoriihous  gelatinous  substance.  "  Whenever  the  lateral 
sm-faces  are  inclined  to  each  other  by  the  different  extension  of  the  two  pri- 
mary surfaces,  the  associated  series  must  be  formed  circularly"  (Meneg.). 

or  quatemate,  smooth ;  colouring  matter 
golden-  or  reddish-brown.  ERBA.  1840, 
p.  22 ;  KSA.  p.  61.  Marine.  Eiu-ope. 
1-864". 


Syncyclia  Salpa  (E.).  —  Frustules 
semi-oval,  smootli,  mostly  connected,  in 
sixes,  into  short  tubes  or  rings ;  colour- 
ing matter  pale  gi-een.  E  Inf.  p.  2.33, 
t.  20.  f.  11 ;  KSA.  p.  61.  Marine,  near 
Wismar.  (vn.  53  ;  x.  206.)  Length 
1-2300"  to  1-570".  When  diy,  longi- 
tudinally plicate. 

S.  quniernm-ia  (E.). — Frustules  binate 


Species  known  to  us  only  by  name. 

S.  granulata  (E.),  Georgia}  S.  Am- 
phora (E.),  Palestiae. 


Genus  ENCTOKEMA  (Kiitz.). — Erustules  eymbiform,  arranged  in  longi- 
tudinal series  within  submembranous  tubular  filaments.  Valves  divided 
unequally  by  median  line  and  nodules.  "  Encyonema  differs  from  Schizo- 
nema  and  other  frondose  genera  of  Diatomacese  in  the  form  of  its  frustules, 
a  single  frustule  resembling  one  of  Cymbella  or  Cocconema.  It  is  more 
probable  that  some  bodies,  which  are  really  congeries  of  the  ova  of  certain 
insects,  will  be  at  first  sight  classed  with  Encyonema ;  but  these  ova,  although 
eymbiform  and  arranged  in  longitudinal  series,  are  neither  siliceous  nor 

Btriated  The  lateral  surfaces  of  the  frustule,  being  convex,  are  observed 

in  the  front  view,  in  which  also  the  frustules  are  quadrilateral,  with  two 
puncta  at  each  end.  These  puncta  are  less  easily  discerned  in  the  dorsal 
view,  and  the  dorsum  is  longitudinally  convex.  The  lateral  view  is  semi- 
elliptic,  with  n-umerous  transverse  striee,  which  are  iaterrupted,  as  in  Cocco- 
nema, by  a  longitudinal  pellucid  Hue"  (Ealfs).  Professor  Smith  says  that  the 
frustules  of  Encyonema,  even  when  removed  from  the  frond,  may  be  distin- 
guished from  those  of  CymbeUa,  "  as  the  terminal  nodules  of  the  median  line 
in  Cymbella  are  placed  at  the  extremities  of  the  valves,  while  ia  Encyonema 
they  are  removed  to  some  distance  above,  and  occupy  a  place  nearer  the 
central  nodule." 


ENCYONT:MA;)ros!!mfi<wi(Berk.,Ralfs). 
—  Filaments  subsimple ;  valves  with 
rounded,  mostly  incurved  ends;  sti-ise 
18  in  -001".  Length  -0016"  to  -0024". 
Ealfs,  ANH.  Ist  ser.  xvi.  pi.  3.  f.  3 ; 
KSA.  p.  61;  SD.  ii.  p.  68,  pi.  54.  f.  345! 
=  Monema  prostratum,  Berk  BA.  pi.  4. 
f.  3  ;  Schizonerna  prostratum,  Grev  BFl. 
p.  414;  Encyonema  paracloxum,  E  Inf. 
p.  237 ;  Gloeonema  Ldhleini,  Ag  CD. 
p.  31  ?  Europe,  Asia,  America.  The 
valves  have  a  depression  beneath  each 
apex  ;  sometimes  the  depression  is  very 
slight,  at  others  so  deep  and  notch-like 
tljat  the  ends  become  rostrate.  The 
former  condition  is  the  E.  paradoxum  of 
Kiitzijig.    (vii.  49  ;  xiv.  22^ 

E.  Auerswaldii  (Rab.). — Valves  with 
very  convex  dorsum,  slightly  gibbous 
venter,  and  contracted,  produced,  olDtuse 
ends  ;  .striro  11  or  12  in  -001".  Rab  D. 
p.  24,  pi.  7.  f.  2.  Leipzig. 

E.  caspitosHm  (K.). — Filaments  erect, 
tufted,  nmch  interwoven ;  valves  witli 


convex  dorsum,  slightly  tiunid  venter,  and 
straight,  sUghtly  produced,  obtuse  ends  ; 
sti-ise  24  in  -001".  KSA.  p.  61 ;  SBD.  i. 
p.  68,  pi.  55.  f.  346.  =  ^.  prostratum,  KB. 
p.  82.  Eiu-ope.  The  frustules  are 
smaller  than  those  of  E.  prostratum. 

E.  triangulum  (E.,  K.).— Valves  wath 
veiy  convex,  gibbous  dorsum,  slightly 
convex  venter,  and  produced,  acute 
apices.  KSA.  p.  62.  =  Gloeonema  trian- 
gulum, ERBA.  1845,  p.  77  ;  EM.  t.  35  a. 
7.  f.  10.  River  Niagara.  Dorsum  so 
turgid  as  to  give  the  valve  a  triangular 
outline.  "  It  is  a  very  remarlcable  cir- 
cimistance,  that  I  often  found  two  differ- 
ent sorts  of  frus  tides  in  the  same  tube 
— one  very  delicate  and  straight  lilco  a 
Naunema,  the  otlier  the  large  curved 
kind.  Even  to  the  present  moment  I 
cannot  explain  this  phenomenon;  for  both 
sorts  were  in  considerable  quantities  and 
quite  free,  and  tlierefnre  it  is  difficult  to 
suppose  one  a  parasite  "  (E.). 

L.    Sinensis  (K.).  —  \^alves  oblong, 
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ottuse  apices  in  tlie  manner  of  Eimotia.  minute. 

=  Gloeonema    Sineme,    ERBA.    io4(>  Doubtful  Species. 

p.  484;  EM.  China,  Java   Ehrenbergs  (Af?.).-Filament9  ab- 

^gxire  represents  the  yalve  distinctly  ,                           sWe  or  bmately 

sS-iated,          ^traigW  conFoiS  hy"£e"  vith  I  globule  in  thi 


striaieu,  wiLii  sjui.^i5""     — -7 
tuse,  rounded  ends,  and  the  dorsal  mar- 
gin very  convex,  and  cui-ved  upwards  at 

each  end.  ,        ,  , 

E.  gracile  (Eab.).  —  Valves  slender, 
with  tnmcate  apices,  slightly  gibbous 


middle.  =  Glosonema  glohtferum,  Ag  OiJ. 
p.  31.  Italy. 

E.  Arcus=  Glceonema  Arais,  JiiiJi.^. 
1856,  p.  33.3,  f.  26.  Afi-ica. 


n        A  AfP-p-OT!  A  C  Phr  ^  —Frustiiles  free,  cymbiform ;  lateral  view  lunate 

sixth  volume  of  J^^^fX^rcoStan^  and  hollowed 

Many  of  L  specS  ai'  insufficiently  known ;  they  should  be 

rr  r^'sttS  vier:m  rr 

vexity  of  the  valves,  which  are  «°  ^^^^^^^^^^  the  connecting 

are  more  or  less  m^^^-^-^-'^r'^^^Zt^  to  the  median 

zone  than  to  t^^^f^^g"^^^;^^^^X^  aid;  whHst  the  portions 

line  are  inconspicuous,  and  rarely  anom  m  s  ^  ^^^g. 

exterior  to  the  median  lines  ^^^^^S^f^hl^  med^^^^^^  appeai-s  straight, 
verse  stri.,  and  vary  ^^^P.^^-^^^^^  call  Lese  latterThe  outer  por- 
concave,  or  flexed     In  om  f  ^scriptions  w  manner,  or 

tions,  and  when  they  project  inwards  at  the  centre  m  ^  ^^^^^ 

appear  inflexed,  we  term  hem  canoe-shaped   ^he  ao 

no  nodules  or  lateral  valves,  and  is  ^"^^^^  the  connecting 

between  longitudinal  senes  of  ^1^°^.*'  ^^^Xn^pMes.    The  late  Pro- 
zone  of  StriateUa,  but  ^accompanied  by  m^^^^^^^ 

fessor  Gregory,  who  du-ected  attention  to  these  tacts  ^^^^^ 

could  be  chvided  into  two  S^^^P^'^^  ^nt  h7v^  vk^^^^  axe  unable  to 
presence  of  this  structui^e.  His  J^g^^^^Jl^JX  indeed  we  think 
adopt,  because  in  many  species  a  -i^^^^e^^^iX;^^^^^^  i,,dicate  the  complex 
that  the  longitudinal  lines,  so  common  ^/^^  mva™ 
structure,  although  the  hyaline  ^^tni'V^  ^^^^^^  constantly, 
detection.    In  Amphora  the  «P^f f  ^^^^^^^^^  in  most  other  genei-a  of 

from  the  front  view,  and  not  from  ^l^^^^^irieTgroatlY  in  breadth  according 
Diatomace^ ;  and  as  the  connec  ing  .^^^^J^f '  fg\'^,^^^^  for  that  fact.  If 
to  the  condition  of  the  f-^ule,  due  aUowa^^^^^^^^  ^^^^^^^  the 

division  has  recently  taken  place  the  ^onnectin   zo  ^^^^  ^^^^^^ 

ends  of  the  frustule  less  broadly  trimcate  ^^a^  ^^^Vlo  ^tudinal  lines  varies 
For  the  same  reason  we  beheve  that  the  number  -  ^^^^^^1 
;n5  affords  no  aid  in  diBtxngmshing  the  sp^^^^^^  >2  op^on,  to  have  re- 
species  of  Agardh's  S^XtkC  Bec^'e  S  ite  'cymbifonn  frustules,  we  have 
taincd  that  generic  '^P'f  J^rNaviculerwhere  Kutzing  placed  it ;  the  same 
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place  it  with  tlie  CymbeUeiB  instead  of  with  the  SurirelleiE,  as  Eabenhorst 
has  done. 


*  Fnisiules  in  f  ront  view  distinctly 
constricted  at  the  middle. 

Amphora  binodis  (Greg.)- — Fmstules 
constricted  at  the  middle  ;  lobes  inflated 
at  the  base,  with  broadly  linear,  sub- 
tnincate  ends ;  transverse  strias  obscui-e, 
about  30  in  -001".  GDC.  p.  38,  pi.  4. 
£  67.  Maiine.  Scotland.  Resembles 
the  next  species,  but  is  smaller,  with 
more  rounded  inflations  and  obscure 
strife,  Greg. 

A.  angidaris  (Greg.).— Frustules  sinu- 
ato-constricted  at  the  middle ;  lobes  an- 
gularly inflated,  with  short,  broadly 
lineal',  truncate,  produced  ends ;  strise 
distinct.  Grepf.  MJ.  iii.  p.  39,  pi.  4.  f.  6. 
(vn.  50.)  Difiers  from  A.  hiiiodis  by 
having  angidar  inflations  and  coarser 
strife. 

A.  h/rata  (Greg.).  —  Frustules  con- 
stricted at  the  middle;  lobes  with  in- 
flated base  and  tiimcate  end;  nodules 
transversely  dilated;  stiijB  distinct. 
GDC.  p.  48,  pi.  5.  f.  82.  Marine.  Scot- 
land. Striffi  about  36  in  -001" ;  connect- 
ing zone  with  longitudinal  lines. 

A.  3Iilesiana  (Greg.).  —  Frustules 
linear,  with  slightly  constricted  middle 
and  truncate  ends,  furnished  with  longi- 
tudinal lines  and  conspicuous  transverse 
strife.  GDC.  p.  49,  pi.  5.  £  83.  Scot- 
land.   Strife  about  28  in  -OOl",  Greg. 

2  *  Frustules  not  panduriform ;  nodules 
transvo'sely  dilated  and  bar-like. 

A.  menibranacea  (S.). — Frustules  ellip- 
tic-oblong, with  rounded  ends;  valves 
with  a  central  transverse  band,  and  very 
close  transverse  striae ;  connecting  zone 
with  longitudinal  lines.  SBD.  i.  p.  20, 
pi.  2.  f.  29 ;  Ro  MJ.  vi.  p.  24,  pi.  3.  f  8. 
Brackish  water.  Em-ope.  (vn.  51.) 
Scarcely  silicious. 

A.  l(Bvissi7na  (Greg.). — ^Frustules  very 
hyaline,  linear-oblong,  with  rounded 
ends ;  outer  portions  of  valves  slender, 
tapering,  with  a  transverse  nodide,  and 
obsolete  or  indistinct  strife.  GDC.  p.  41, 
pi.  4.  f  72.  Scotland. 

A.  Icevis  (Greg.). — Frustules  very  hya- 
line, linear,  with  sub  truncate  .ends ;  outer 
portions  of  valves  very  narrow,  with  a 
transverse  nodule  and  indistinct  strife. 
GDC.  p.  42,  pi.  4.  f.  74.  Scotland.  Outer 
portion  of  valve  canoe-shaped:  strire 
about  00  in  •001". 

A.  minutissima  (S.). — Frustules  para 
sitic,  very  minute,  oval  or  suborbicular, 


^vith  transversely  dilated  nodules,  and 
64  obscure  strias  in  -OOl".  SBD.  i. 
p.  20,  pi.  2.  f  30.  Fresh  water.  Para- 
sitic on  other  Diatomaceaj. 

A.  rimosa  (E.). — Germany.  Frustules 
eUiptic-oblong,  with  roimded  ends,  nar- 
row lunate  outer  portions,  transverse 
nodules,  and  no  strife.  EM.  pi.  13.  2. 
f.  17. 

A.  elegans  (Greg.).  —  Frustules  oval, 
with  ti'uncate  ends ;  outer  portion  of 
valves  lunate,  with  transverse  nodule, 
and  very  fine,  inconspicuous,  transverse 
strife.  Greg.  TM.  v.  p.  70,  pi.  1.  f.  30. 
Scotland. 

A.  ostrearia  (Br^b.). — Frustules  hya- 
line, eUiptic-oblong,  with  rounded  ends ; 
outer  portion  of  valves  narrow,  canoe- 
shaped,  with  transverse  nodule  and  di- 
stinct strife ;  dorsum  with  numerous, 
very  delicate  longitudinal  lines.  Breb. 
in  KSA.  p.  94.  Maiine.  France.  Lateral 
view  lunate,  with  convex  dorsum  and 
straight  venter. 

A.  quadrata  (Breb.). — Frustules  hya- 
line, quadi-angiilar,  with  tnmcate  ends ; 
outer  portion  of  valve  small,  inflexed, 
with  transverse  nodule;  dorsum  with 
numerous,  very  delicate  longitudinal 
lines.  KSA.  p.  95.  Marine.  France. 
Lateral  view  very  nan-ow,  lunate.  A. 
quadrata  differs  from  A.  ostrearia  by  its 
straight  margins  and  truncate  ends. 

A.  rectangularis  (Greg.). — Frustules 
narrow,  linear,  with  truncate  ends ; 
valves  with  a  transverse  nodide,  and  40 
fine  ti'ansverse  stiias  in  -OOl".  Greg. 
TM.  V.  p.  70;  pi.  1.  f.  29.  Scotland. 

A.  nohilis  (Greg.).  —  Frustules  very 
hyaline,  barrel-shaped,  with  truncate 
ends  ;  outer  portion  of  valves  very  nar- 
row, arcuate,  with  transverse  nodVile, 
and  fine  transverse  strife;  dorsum  with 
longitudinal  lines.  GDC.  p.  49,  pi.  5. 
i.  87.  Scotland.  Lai-ge ;  strife  about 
40  in  -OOl";  ventral  mai'gin  of  valves 
concave. 

_A.  acuta  (Greg.).  —  Frustules  elliptic, 
with  truncate  ends;  outer  portion  of 
valves  arcuate,  with  straight  median 
line,  transverse  nodule,  and  distinctly 
moniliform,  transverse  striaa.  GDC. 
p.  52,  pi.  5,  6.  f.  93.  Scotland.  Large; 
strife  about  36  in  -001". 

A.  Utoralis  (Donkin). — Frustules  oval, 
with  ti'uncate  ends ;  outer  compartment 
canoe-shaped,  with  distinct  moniliform 
strife  and  transverse  bar-like  nodule ; 
dorsum  with  longitudinal  series  of  short 

3i 


882 


SYSTEMATIC  HISTOHY  OF  THE  INFUSOEIA. 


transverse  stria3.    Donldn  in  TMS.  vi. 
p.  30,  pi.  3.  £  15.  Mai-ine.  Northumber- 
land,   (vn.  52.) 
3*  Frustides  ivitJi  produced  or  rostrate 
ends  and  roundish  nodules. 
A.  aponina  (K.).  —  Fi'ustules  lanceo- 
late-elliptic, with  produced,  ti-uncate 
anices,  and  no  longitudinal  Imes.  Kp. 
V.  108,  pi.  5.  f.  33.     Italy.  Mmute. 
1-1080"  to  1-650".  _    ^  ^ 

A.  coffeceformis  (Ag.,  K.).— Frustules 
lanceolate,  with  produced,  obtuse  apices, 
strong  mai'ginal  longitudinal  lines,  and 
faint  or  obsolete  median  ones.  KB. 
p.  108,  t.  5.  f.  37.  =  Frustidta  coffece- 
formis, Ag. ;  Navicida  quadricostata,  E 
Inf.  t.  21.  f.  9.  /3.  Fischeri,  with  fewer 
marginal  and  obsolete  median  longi- 
tudmal  lines.     Carlsbad.     1-1720"  to 

A.  «m&scMZrt(K.).— Frustules  turgid- 
lanceolate,  with'  acuminated,  subacute 
apices,  and  strong  marginal  longitudinal 
Ifnes.  KB.  p.  108,  t.  5.  f.  32.  Marme. 
Genoa.    Small.  1-576". 

A.  lineata  (Greg.).— Frustules  eUiptic- 
lanceolate,  with  prolonged  conic  ends 
and  conspicuous  longitudmal  hues ; 
transverse  strias  fine,  obscm-e,  aboiit  4:A 
in  •001".  GDC.  p.  40,  pi.  4.  f.  70.  Scot- 
land. Outer  portions  of  valves  narrow 
hmate,  with  convex  dorsum  and  straight 

^"""A^^'Frgademis  (Greg.).  —  Frustules 
elongated  lanceolate,  with  broad,  shghtly 
produced,  truncate  ends;  transverse  strise 
conspicuous,  about  24  m  -OOl".  GDC. 
p  40  pi  4.  f.  71.  Scotland.  Eemarkable 
for  its  length.  Outer  portions  of  valves 
slender,  with  nearly  straight  venter. 

A.  (Greg.).— Frustules  elliptic- 
lanceolate,  with  slightly  produced,  ob- 
tuse ends;  transverse  stnas  about  ^8  m 
•OOi".  GDC.  p.  42,  pi.  4.  f.  75.  Scotland. 
Small ;  in  size  and  form  it  approaches 
nearest  to  A.  lineata,  but  its  marlnngs 
are  totally  difierent,  Greg. 

A.  Semen,  EM.  pi.  38.  17.  f.  10.  Ice- 
land. In  the  figm-e,  this  species  is  ven- 
tricose,  with  broad,  shortly  produced, 
truncate  ends,  and  without  stnse.  _ 

A.  salina  (S.).— Frustules  eUiptic-ob- 
long,  with  slightly  produced,  ti-iincate 
Pxl5emities;  valves  lunate,  rostrate, 
;thT4  sSri^B  in  'OOI".  SBD.  i  p.  19, 
r.1  ^0  f  251  Brackish  water.  Sussex. 
Scarcely  Jicious.  -0008"  to  -OOIO",  S. 
''T&^a  (Greg.).-FriiBtule^^^ 
elliptic  or  sin^orbicular,  with  short  los- 
3  apices;  outer  portions  semiluna^ 
with  capitate  apices,  and  24  raliici 


coarse  radiant  stri89  in  -001".  GDC. 
p.  38,  pi.  4.  f.  63.    Scotland.  Small. 

A.  monilifera  (Greg.).  —  Frustules 
eUiptic-oblong,  with  short,  broad,  ros- 
trate ends ;  outer  portions  arcuate,  with 
capitate,  reciu-ved  apices;  dorsum  with 
converging  longitudinal  rows  of  distant 
dots.  GDC.  p,  39,  pi.  4.  f.  69.  Scotland. 

A.  cymhifera  (Greg.).— Frustules  in- 
flated, with  short,  subcapitate,  rostrate 
apices;  outer  portions  arcuate,  vnth. 
capitate,  recm-ved  ends,  and  22  rather 
coarse  transverse  striaj  in  '001";  con- 
necting zone  with  converging  longi- 
tudinal bars.  GDC.  p.  54,  pi.  6.  f.  97. 
Scotland,  (vn.  54.)  Large ;  dorsuni 
furnished  with  longitudinal  series  of 
transverse  strise,  separated  by  longi- 
tudinal lines  or  bars. 

A.prohoscidea  (G.).— Frustules  Imear- 
oblong,  with  produced,  truncate  extre- 
mities; valves  arcuate,  with  rosti-ate, 
capitate  ends,  and  20  coarse  ti-ansverse 
strife  in  -001" ;  dorsmnwith  longitudinal 
series  of  transverse  striae.  GDC.  P-  54, 
pi.  6.  f.  98.  Scotland.  Large.  The 
capitate  beaks  of  the  valves  are  longer 
than  in  A.  cymhifera,  and  are  not  re- 
ciu-ved,  but  bent  forwards.  _ 

A.  costata  (S.).— Frustides  ventncose, 
with  short,  broad,  truncate  beaks,  longi-  , 
tudinaUy  costate ;  costse  with  a  double  } 
liue  of  monilifoi-m  puncta.  SBD.  i. 
p.  20,  pi.  30.  f.  253.  Marine.  Bntam. 
Valves  semilimate,  with  capitate  ends ; 
transverse  striae  coarse,  about  16  m 

•001",  Greg.  ,       ^  , 

A.  Terroris  (E.).— Valves  elongated, 
sti-aight,  senulunate,  suddenly  attenuated 
into  stilifoim  beaks;  ti-ansverse  stnse 
sti-ono-lv  gi-anulated,  19  m  1-1^^„- 
ERBA^853,  p.  526 ;  EM.  pi.  35  a.  23. 
f.  2.  Akin  to  A.  fasciata,  but  smaUer 
and  more  sti-ongly  gi-anulate,  E. 

A.  macilenta  (Greg.).— Frustules  nar- 
row   elliptic-lanceolate,    with  short, 
broad,  slightly  produced  apices;  outer 
iDortion  of  valves  with  sti-aight  ventral 
margin,   and  about  30,  mther  coarse 
pardlel  stiiffi  in  -001".     GDC.  p.  38, 
nl.  4.  f.  65.  Scotland. 
^  A.   gramdata    (Greg.).  -  Frustules 
linear-oblong  or  elliptic-oblong,  with 
short,  broad,  trimcate,  sliglitly  produced 
apices;   outer  portion  of  valve  ^yith 
straight  ventral  margin,  rostrate  apices, 
and  from  24  to  30  transverse  stri.Ti  m 
•001" :  dorsum  having  longitudmal  lines 
alternating   with   series   of  gi-anulcs. 
GDC.  p.  53,  pi.  6.  f.  96.  Scotland. 

A.  ventricosa  (Cireg.).-Frustules  lan- 
ceolate, with  turgid  middle  and  tapenug 
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obtuse  ends;  outer  portions  slender, 
ai-cuate,  with  slightly  concave  venter, 
acute  ends,  and  about  22  conspicuous 
transverse  sti-ire  in  -001".  GDC.  p.  39, 
pi.  4.  f.  68.  Scotland. 

4*  Ffustules  neither  constricted  at  the 
middle  nor  rostrate  at  the  ends ;  nodides 
roundish. 

A.  ovalis  (K.). — Finistules  turgid,  oval, 
with  broadly  rounded  or  tnincate  ends ; 
outer  portion  of  valves  canoe-shaped, 
with  24  distinct  moniliforni  stiite  in 
•001" ;  connecting  zone  with  veiy  fine 
longitudinal  lines.  KB.  p.  107,  t.  5. 
f.  35,  39.  =  Navicida  Amphora,  E  Inf. 
t.  14.  f.  3.  Fresh  water,  frequent.  Eu- 
rope, Africa,  (vn.  56 ;  ix.  153.)  Large. 
1-456"  to  1-120". 

A.  Libyca  (E.). — Frustules  oval,  with 
with  broadly  rounded  or  truncate  ends ; 
lateral  view  semilunate,  with  very  con- 
vex dorsum,  obtuse  ends,  and  slightly 
concave  venter.  EA.  t.  3, 1.  f.  42 ;  EM. 
many  figm-es.  Apparently  the  most 
common  species,  since  Ehrenberg  gives 
upwards  of  100  habitats  for  it  in  Em-ope, 
Asia,  Africa,  and  America.  Lougli 
Mom-ne  deposit,  (xn.  38.)  We  are 
imable  to  distinguish  this  form  from  A. 
ovalis,  and  probably  these  have  been 
confounded ;  we  believe  they  are  in 
SBD.,  because  there  no  species  but  A. 
ovalis  is  noticed  as  occmTing  in  the 
Lough  Momne  deposit,  whilst  Ehren- 
berg only  mentions  this  species  as  found 
in  it.  Ehrenberg's  figm-es  and  descrip- 
tion do  not  enable  us  to  decide ;  for  the 
latter  is  too  indefinite,  and  the  former 
vaiy  so  much  as  apparently  to  belong  to 
more  than  one  species.  Almost  the  only 
characters  the  tigm-es  have  in  common 
are  the  oval  form  and  striated  valves. 
The_  median  line  is  either  concave, 
sti-aight,  or  produced  at  the  nodule  ;  and 
the  connecting  zone  is  figm-ed  sometimes 
smooth,  and  sometimes  with  longitudinal 
lines. 

K.pellucida  (Greg.). — Fmstules  very 
hyaline,  oval,  with  broadly  rounded 
ends;  outer  portions  of  valves  canoe- 
shaped,  with  about  30  very  delicate  striffi 
in -001".  GDC.  p.  41,  pi.  4.  f.  73.  Scot- 
knd.  Resembles  A.  ovalis  in  foi-m,  but 
differs  in  its  marine  habitat,  very  hyaline 
aspect,  and  singular  delicacy  of  the  strife. 
The  latter  characters  distinguish  it  also 
from  A.  incurva,  Greg. 

A.  truncnta  (Greg.).— Frustules  baiTel- 
shaped,  with  truncate  ends ;  outer  por- 
tions of  valves  canoc-shaped,  striated; 
dorsum  with  longitudinal  series  of  short 


transverse  stiia).  GDC.  p.  43,  pi.  6. 
f.  77.    Scotland.  Larg^. 

A.  lineolata  (E.). —Frustules  tm;gid, 
elliptic-oblong,  with  truncate  apices, 
stronr?  longitudinal  marginal  lines,  and 
very  ime  ones  in  the  connecting  zone.  E 
In£  t.  14.  f.  14;  EM.  pi.  13. 1.  i.  19;  Rab 
D.  pi.  9.  f.  9, 10.  Fresh  water.  Europe, 
Africa,. America.  1-480"  to  1-140".  The 
figures  referred  to  represent  the  fi-ustule 
as  large,  ban-el-shaped,  with  canoe- 
shaped  outer  portions. 

A.  Grregorii. — Frustules  barrel-shaped ; 
outer  portions  canoe-shaped,  with  about 
34  transverse  strias  in  -001" ;  dorsum vsdth 
longitudinal  series  of  short  transverse 
stiife.  quadrata,  GDC.  p.  49,  pi.  5. 
i.  85.    Scotland.    Ends  trimcate. 

A.  Grevilliana  (Greg.).  —  Frustules 
broad,  linear,  oblong  or  barrel-shaped; 
outer  portions  canoe-shaped,  with  from 
28  to  34  distinct,  moniliform  transverse 
strife  in  -001" ;  dorsum  with  longitudinal 
series  of  transverse  strife.  GTM.  v.  pi.  1. 
i.  36 ;  GDC.  p.  50,  pi.  5.  f  89.  =  ^.  com- 
plexa,  GDC.  p.  51,  pi.  5.  i.  90 ;  A.  fasciata, 
GDC.  p.  51,  pi. 5.  £9L  Scotland."  Large; 
ends  trimcate. 

A.  sulcata  (Br^b.). — ^Frustules  hyaline, 
oblong  or  elliptic-oblong,  with  truncate 
ends ;  outer  portions  canoe-shaped,  with 
38  ti-ansverse  strife  in  -001" ;  dorsum 
with  longitudinal  series  of  ti-ansverse 
strife.  BD.  pi.  18.  f.  8 ;  GDC.  p.  51, 
pi.  5.  f.  92.  France,  Britain.  Large ; 
differs  fi-om  A.  costata  in  its  not  produced 
but  trimcate  apices,  BriSb. 

A.  robusta  (Greg.). — Frustides  broadly 
oval,  with  roimded  ends  and  canoe- 
shaped  outer  portions ;  transverse  strisa 
distinct,  moniliform,  16  in  -001".  GDC. 
p.  44,  pi.  5.  f  79.  Scotland.  Large ; 
conspicuous  fi-om  its  size  and  stoutness. 

A.  Proteus  (Greg.). — Frustules  barrel- 
shaped  or  oblong ;  outer  portions  canoe- 
shaped,  with  22  finely  moniliform  trans- 
verse strife  in  -001".  GDC.  p.  46,  pi.  5. 
f.  81.  Scotland.  Large,  with  truncate 
apices.  Varies  much  in  form  and  length. 

A.  Arcus  (Greg.). — Frustules  barrel- 
shaped;  outer  portions  narrow,  canoe- 
shaped,  with  16  to  18  coai-sely  monili- 
form strife  in  -001" ;  dorsum  with  longi- 
tudinal series  of  moniliform  ti-ansverse 
strife.  GMJ.  iii.  pi.  4.  f.  4 ;  TM.  v.  pi.  1. 
f  37 ;  GDC.  p.  50,  pi.  6.  f.  88.  Scotland. 
Large,  with  truncate  ends.  The  fi-ustulo 
has  the  form  of  a  b.arrcl,  with  ribs  and 
bars.  It  is  distinguished  fi-om  A.  Gre- 
villiana  by  its  coarsely  moniliform  stria3. 
Detachedi  segments  resemble  in  fonn  a 
strung  bow  with  rostrate  apices. 
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A.  veneta  (K.).  —  Frustviles  minute, 
elliptic-oblong,  with  truncate  ends; 
lateral  view  semieUiptic.  KB.  p.  108, 
t.  3.  f.  25.  Marine.  Venice  and  Con- 
stantinople. 

A.  horealis  (K.).— Frustules  minute, 
oblong-lanceolate,  witb  acute  or  tnm- 
cate  apices;  lateral  view  semilanceolate. 
KB.  p.  108,  pi.  3.  f.  18.  Heligoland. 
1-1200". 

A.  Hohenackeri  (Rab.).  —  Frastules 
minute,  oblong  or  oblong-lanceolate, 
with  three  longitudinal  lines  on  each 


side.    RabD.  p.  31,  pi.  9.  f.  11.  South 
Persia. 

A.  hxjalina  (K.).— Frustules  hyalme, 
elliptic-lanceolate,  with  acute  or  trun- 
cate apices,  and  a  few,  very  delicate 
longitudinal  lines;  transverse  striae  ob- 
scufe.  KB.  p.  108,  pi.  30.  f.  18 ;  SBD. 
i.  p.  19,  pi.  2.  f.  28.  Marine.  Eui-ope. 
(vn.  58.)  Imperfectly  silicious.  1-600" 

to  1-422". 

A.  nana  (Greg.).  — Frustules  small, 
narrow  eUiptic-oblong,  _  with  _  roimded 
ends ;  outer  portions  with  straight  ven- 
tral margin,  and  about  50  ti-ansverse 
stri^  in  -001".  GDC.  p.  38,  pi.  4.  f.  64. 
Scotland. 

A.  elUptica  (Ag.,  K.).  —  Frustules 
small,  elliptic-lanceolate,  turgid  at  the 
middle,  with  attenuated  obtuse  apices ; 
valves  distinctly  striated.  KB.  p.  108, 
t.  5.  f.  31.  =  Cymhella  elliptica,  AD.  p.  8. 
Mariue.  Baltic.  Associated  in  amor- 
phous mucus,  K. 

A.  navicularis  (E.).— Frustules  elhp- 
tic-lanceolate,  with  subacute  ends  and 
conspicuous  ti-ansverse  strife.  EA.  p.  122, 
t.  1. 1.  f.  12.  Africa,  America,  (xu.  37.) 

A.  gracilis  (E.).— Frustules  small,  nar- 
row oblong,  trimcate;  valves  slender, 
transversely  striated.  EA.  t.  3. 1.  f.  43 ; 
EM.  t.  37.  3.  f.  1.  Europe,  Asia,  Africa, 
America,  Australia,  (xn.  26.)  Outer 
portion  of  valve  kmate. 

A.  qffinis  (K.).  —  Frustules  oblong, 
slightly  attenuated,  with  rounded  or 
broadly  truncate  apices,  marked  with 
lono-itudinal  lines,  the  central  ones  very 
faint.  KB.  p.  107,  t.  30.  f.  66.  France, 
Britain.    1-960"  to  1-390". 

A.  marina  (S.).— Frustules  elliptic, 
with  somewhat  truncate  exti-emities ; 
nodule  very  faint;  sti-ise  40  m  -001". 
ANH.  1857,  xix.p.  7,  pi.  l.f-  2.  Mmne. 
France,  Britain.'  -OtioO"  to  -0024". 
Cvn  59.)  Not  unfrequent,  but  has  been 
overiooked  from  its  exact  resemblance  m 
outline  to  A.  affinis;  it  may  be  known 
by  its  more  delicate  striaj  and  inconspi- 
cuous nodules,  Sm. 


A.  duhia  (Greg.). — Frustules  oblong, 
with  broadly  rounded  ends  ;  outer  por- 
tions stout,  with  concave  venter,  obtuse 
ends,  and  24  fine  transverse  striae  in 
•001".  GDC.  p.  42,  pi.  5.  f.  76.  Scot- 
land. It  has  some  analogy  with  A. 
marina ;  but  the  striation  is  coarser,  and 
nodules  distinct,  Greg. 

A.  ohlonga  (Greg.). — Finistules  elon- 
gated linear-oblong  or  elliptic-oblong, 
vnth  conic  apices ;  outer  portions  very 
narrow,  canoe-shaped,  with  conspicuous 
nodule,  and  24  distinct  ti'ansverse  striae 
in  -OOl".  GDC.  p.  43,  pi.  5.  f.  78. 
Scotland.  Large. 

A.  elongata  (Greg.). — ^Frustules  elon- 
gated, narrow,  oblong-lanceolate,  trun- 
cate ;  outer  portions  very  nan-ow,  canoe- 
shaped,  with  26  conspicuous  transverse 
striae  in  -001" ;  dorsum  with  longitudinal 
Hues.  GDC.  p.  49,  pi.  5.  f.  84.  Scotland. 
Large. 

A.  angusta  (Greg.). — Frustules  nar- 
row linear-oblong,  truncate;  outer  por- 
tions with  44  fiiie  ti-ansverse  stiias  in 
•001".  GDC.  p.  38,  pi.  4.  f.  66.  Scot- 
land. 

A.  obtusa  (Greg.).  —  Frustules  broad 
linear-oblong,  with  broadly  roimded 
ends ;  outer  portions  canoe-shaped,  with 
70  very  fine  transverse  sti-iae  in  •001". 
Greg.  TM.  v.  pi.  1.  f.  34.  Scotland. 
Large. 

K.plieata  (Greg.).— Frustules  hyalme, 
broad  linear-oblong,  with  rounded  an- 
gles and  ti'uncate  apices ;  outer  portion 
canoe-shaped,  very  faintly  sti-iated; 
dorsum  with  longitudinal  lines.  Greg. 
TM.  V.  pi.  1.  f-  31.  Scotland.  Large. 
The  longitudinal  lines  give  a  plicate 
appearance  to  the  frustule,  Greg. 

A.  crassa  (Greg.).— Frustules  linear 
or  linear-oblong,  with  rounded  or  sub- 
truncate  apices;  outer  poi-tions  canoe- 
shaped,  with  from  12  to  20  coarse  trans- 
verse striiB  in  -001" ;  dorsum  \vith  longi- 
tudinal series  of  transverse  sti-iae.  GDC. 
p  52,  pi.  6.  f.  94.  =A.  sulcata,  Ro.  MJ. 
vi.  p.  18,  pi.  3.  f.  7  ?.    Britain.  Large. 

A.  spcdabilis  (Greg.).  —  Frustules 
broad  linear  or  lineai'-oblong,  with 
rounded  angles  and  subti-uncate  apices : 
outer  portions  canoe-shaped,  with  14  to 
16  distinct  transverse  striae  in  -001  ; 
dorsiun  with  longitudinal  series  of  ti-ans- 
verse  sti-ite.  GDC.  p.  44,  pi.  5.  f.  80. 
Scotland,    (vn.  57.)  Large. 

A.  cxcisa  (Greg.).— Frustules  hyalme, 
broadly  lineai-  or  lineai'-oblong,  tnincate ; 
appearing  notched  at  the  sides  fi-om  the 
marginal  position  of  the  nodules;  outer 
portion  canoe-shaped,  with  52  very  fane 
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transverse  strise  in  -001";  dorsum  with 
longitudinal  series  of  short  strite.  GDC. 
p.  49,  pi.  5.  f.  86.  Scotland. 

A.  arciiaria  (DonMu). — Fi-ustules  hya- 
line, broadly  linear,  with  rounded  angles 
and  slightly  gibbous  middle ;  outer  com- 
pai-fcment  of  valves  canoe-shaped;  dorsum 
faintly  marked  with  longitudinal  lines. 
Donkin,  TMS.  vi.  p.  31,  pi.  3.  f.  16. 
Mai'ine.  Northumberland.  Large  ;>trans- 
verse  striae  obscm-e. 

A.  amphioxys  (Bailey).  —  Frustules 
linear,  with  subtrimcate  apices ;  lateral 
view  arcuate,  finely  striated,  with  convex 
dorsum,  concave  venter,  and  rosteUate 
recurved  exti-emities.  BMO.  p.  39,  pi.  2. 
f.  20-22.  Umted  States.  The  side  view 
bears  a  sti'iking  resemblance  to  Eunotia 
amphioxys,  BaUey. 

A.  biseriata  (Greg.). — ^Fmstules  elon- 
gated lineal",  with  rounded  apices ; 
median  line  marginal,  except  at  the 
centre,  where  it  cui'ves  inwards;  dorsum 
with  longitudinal  series  of  coarse  trans- 
verse striae.  Greg.  TM.  v.  p.  71,  pi.  1. 
f.  32.    Scotland.  Lai^ge. 

A.  tenera  (S.).  —  Frustules  narrow 
linear,  with  rounded  or  truncate  ends ; 
valve  longitudinally  rugose ;  striffi  ob- 
scure, 62  in  -001".  SBD.  i.  p.  20,  pi.  30. 
i.  252.  Marine.  England.  Scarcely 
sUicious.  Professor  Smith  regarded  this 
species  as  the^.  Uneolata,  E., — an  opinion 
in  which  we  are  unable  to  concm-,  since 
its  narrow-linear  foim  is  veiy  unlike  the 
,  broad  inflated  figiu-e  of  the  latter,  and 
coidd  never  be  described  as  tiu-gid. 

A.  hacillaris  (Greg.). — ^Fmstides  nar- 
row linear,  with  slightly  attenuated,  ob- 
tuse ends,  outer  portions  very  narrow, 
arcuate,  finely  striated;  dorsum  with 
longitudinal  series  of  granules.  GDC. 
p.  55,  pi.  6.  f.  100.  Scotland.  Distin- 
guished from  A.  pusilla  by  its  finer  strite 
and  granides,  Greg. 

_  A.  pusilla  (Greg.). — Frustides  narrow 
linear,  with  subtiamcate  apices ;  outer 
portions  very  naiTow,  canoe-shaped, 
with  24  conspicuous  striae  in  -001"; 
dorsum  with  longitudinal  series  of  gi-a- 
nules  or  short  strise.  GDC.  p.  53,  pi.  6. 
f.  95.  Scotland. 

_A.  Erebi  (E.^. — Lateral  view  arcuate, 
with  obtuse  apices,  concave  venter,  and 


about  25  very  fine  strise  in  1-1200", 
ERBA.  1853,  p.  526 ;  EM.  pi.  35  a.  23. 
f.  3.    Assistance  Bay,  North  Polo. 

A.  crystallina  (E.). — Frustules  smooth, 
crystalline,  with  convex  dorsum,  concave 
venter,  and  broadly  trimcate  ends. 
ERBA.  1840,  p.  10.    Tjom.  1-432". 

A..fasciata  (E.). — Frustules  with  con- 
vex dorsiun,  plane  venter,  broadly  trun- 
cate ends,  and  longitudinal  series  of 
closely  set,  fine  strise.  ERBA.  1840, 
p.  11.    Tjom.  1-456". 

A.  carinata  (E.).  — Fiiistides  large, 
navicidar,  with  plane  sides,  acute  apices, 
and  foiu-  lateral  striated  fasciie.  ERBA. 
1840,  p.  10.    Island  of  Tjorn.  1-240". 

A.  Atomus  (E.).  — Veiy  minute,  on 
one  side  elliptic  with  rounded  ends,  on 
the  other  linear  and  trimcate.  1-2640". 

A.  JEgcea  (E.).— Frustules  navicular, 
oblong,  tinncate,  with  10  pimctated 
longitudinal  lines,  oblong  umbilici,  and 
ciu-ved  lines;  the  space  between  the 
umbilici  with  two  straight  lines  cuiwed 
at  each  end.  ERBA.  1858,  p.  13. 
^gean  Sea. 

A.  stauroptera  (Bailey).  —  Frustules 
elliptical,  elongated,  with  striated  mar- 
gins; centi-al  portions  crossed,  as  in 
Staui'optera,  by  a  broad  band.  BC.  vii. 
p.  8,  f.  14, 15.  Halifax,  Nova  Scotia.  The 
figure  is  elongated,  acutely  lanceolate, 
and  the  nodides  connected  by  a  ti-ans- 
verse  central  depression. 

Species,  the  desa-iptions  of  which  are 
unknown  to  us, 

A.  cymbiformis,  EM,  pi,  16.  1.  f.  43. 

Lateral  view  semilunate,  with  convex 
dorsum,  straight  venter,  obtuse  apices, 
diverging  striae,  and  submai-ginal  sutural 
line  and  nodide. 

A.  gigas,  EM.  pi.  6.  2.  f.  13.  North 
Afiica.  Figm-e  imperfect,  large,  oval, 
transversely  striated;  connecting  zone 
vsdth  faint  longitudinal  lines. 

A.  incurva,  Greg.  MJ.  iii.  pi.  4.  f.  5. 
Scotland.  Lateral  portion  canoe-shaped 
and  finely  striated. 

A.  paradoxa  (E.),  A.  vulgaris  (E.), 
Asia;  A.  Nilotica  (E.),  River  Nile ;  A. 
ocellata  (E.),  Florida. 


Genus  RHIZONOTIA  (E.).— Frustules  with  two  median  nodules  (mth 
the  character  and  form  of  Amphora),  but  by  longitudinal  division  often 
becoming  a  mass  united  together  in  a  longitudinal  series  by  a  progeny  of 
stolons  or  silicious  radicles.  This  form  is  adnato  on  Confervse,  and  has  niany 
fine  longituchnal  strise,  which  appear  somewhat  rough  or  granular.  The 
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frustule  is  very  crystalline  and  transparent 
almost  coloniiess  ova,  E. 

Khizonotia  Melo  (E.)— The  lateral 
connecting  portiona  of  the  progeny  in 
self-division  mostly  forked,  3  to  10. 
EKBA.   1843,  p.  139.  =  Bhizosolenia 


It  has  intenially  pale-grcen, 


3Iclo,  EM.  pi.  35.  6.  f.  14,  15  ?.  Swan, 
Avon,  and  Canniag  Rivers  in  Western 
Australia,    (vm.  41.) 


FAMILY  XYII.— GOMPHONEME^. 

Frustules  in  front  view  cuneate,  laterally  attenuated  at  the  base,  with  a 
median  longitudinal  line  and  a  central  nodule.  Mostly  aquatic.  The  Gom- 
phonemeffi  differ  from  the  Meridieae  and  the  Licmophorete,  and  the  cnnea,to 
species  of  SmireUa,  by  the  median  longitudinal  line  and  the  central  module. 
The  cimeate  form  in  the  front  view  distinguishes  it  fi'om  the  rest  of  the 
Diatomacese. 

Genus  SPHENELLA  (K.).— Frustules  in  front  view  cuneate,  free,  neither 
stipitate,  affixed,  nor  enclosed  in  a  common  gelatinous  substance,  ^^^atic. 
"  The  SpheneUffi  only  differ  fi-om  NaviculiB  in  their  cxmeate  form,  perlectiy 
similar  to  that  of  Meridion,  by  which,  too,  the  associations  {S.  angustata) 
become  flabelliform  and  quasi- circular  ;  but  they  differ  by  the  central  nodije 
of  the  lateral  surfaces.  Hence  there  remains  a  gi-eater  similitude  to  the 
Naviculffi;  and  the  distinctive  characters  are  so  sHght,  that  the  generic 
characters  of  at  least  two  species  remain  uncertain  "  (Menegh.  p.  411). 


Sphenella  glacialis  (K.).— Minute; 
lateral  view  lanceolate,  with  subacute 
ends  and  very  delicate  transverse  striae. 
KB.  p.  83,  pi  3.  f.  16.  Monte  Rosa, 
Alps.  1-1320". 

S.  parvula  (I?;.).— Minute ;  lateral  view 
lanceolate,  with  produced  ends,  the  base 
subdilated.  KB.  p.  83,  pi.  30.  f.  63. 
France.  1-960".  Strise  indistinct.  It 
cannot  be  distinguished  fi-om  a  Navicxda, 
except  on  a  fi'ont  view. 

S.  angustata  (K.).  —  Minute,  flabel- 
lately  conjoined,  narrow  linear,  cimeate, 
lateral  view  lanceolate,  with  obtuse 
ends.  KB.  p.  83,  pi.  8.  f.  4.  Germany, 
France,  (xn^  30.)  1-960". 

S.  vulqaris  (K.).— Small;  lateral  view 
finely  striated,  dilated  at  the  middle, 
and  taperrog  to  the  stout  beak-like  i 

Genus  GOMPHONEMA  (Ag.).— Fnistules  affixed  at  the  base  or  stipitate  : 
in  front  view  cuneate ;  lateraUy  attenuated  below,  with  a  median  longitudinal 
Sie  and  central  nodiile.  "  As  Cocconema  fi-om  CymbeUa,  so  Gomphonema 
only  differs  from  Sphenella  by  the  stipes,  on  which  account  species  are  nojN 
referred  to  Gomphonema  which  formerly  belonged  to  Sphenella.  .  .  .  Kutzing 
supSses  the  Gomphonema3  to  be  at  first  free,  like  SpheneUa  and  hat  after- 
wards  they  affix  themselves.  ...  No  direct  observation  confii-nis  this  hyi^o- 
Thest  anJ  IUb  at  least  as  just  to  admit  «ie  other,  that  the  Sphendl.  a^^^^^^^^^ 
first  attached  Ulce  the  Gomphonema  and  afterwards  ^^^^^^^^^ ^.^^^^^^ 
savs  that  the  Gomphonema;  can  become  free  and  agam  adheie  (^f  ^gn. 
p  412)     The  desciiption«  apply  to  the  lateral  view,  unless  otherwise  stated. 


ends.  KB.  p.  83,  pi.  7.  f.  12.  Germany, 
France.  1-1020". 

S.  oUusata  (K.).  —  Small ;  lateral 
view  smooth,  dilated  above  the  middle, 
■with  roimded  obtuse  apices.  KB.  p.  83. 
pl.9.  f.  1.  Prussia,  (xrv.  31.)  1-900". 
Lateral  view  clavate-lanceolate. 

S.  rostellata  (K.). —  Solitary,  smooth, 
broadly  cimeate ;  lateral  view  dilated  at 
the  middle,  acuminate  at  each  end.  KB. 
p.  83,  pi.  9.  f.  3.  ^.  elongata,  larger, 
with  produced,  obtuse  apices.  France. 
1-1820"  to  1-336". 

S.  ?  Italica  (K.).  —  Broadly  cuneate ; 
lateral  view  obovate,  slightly  dilated  at 
the  middle,  and  with  a  transverse  me- 
dian nodule.  KSA.  p.  63.  =  Gompho- 
nema Italimm,  KB.  t.  30.  f.  75. 
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*  jF)-ustt(h'S  in  lateral  view  constricted  be- 
neath the  apex,  appearing  urn-shaped. 

t  Lateral  view  with  the  head  apiculate 
or  acute. 

GoMPHONEMA  corouatum  (E.). — Slen- 
der, with  ventricose  middle,  obcordate 
apiculate  head,  and  lanceolate  base ;  front 
view  crested  at  apex.  EM.  pi.  6. 1.  f.  33. 
=  G.  acuminatum  /3,  SBD.  i.  p.  79,  pi.  28. 
f.  238  ;3.  Europe,  Ameiica,  Asia,  Aus- 
tralia, (xiv.  36.)  G.  cnronatum  is  di- 
stinguished from  the  allied  forms  by  its 
inilated  basal  portion;  but  the  lower 
inflation  is  sometimes  very  obscm-e,  and 
we  believe  Professor  Smith  was  justiiied 
in  regarding  this  form  as  a  mere  variety 
of  G.  acuminatum.  1-480". 

G-.  laticeps  (E.). — Habit  of  G.  corona- 
turn,  but  shorter,  and  head  wider  than 
the  central  inflation.  EM.  pi.  5.  1.  f.  34. 
America,  Asia.  Ehrenberg's  flgau-es  have 
the  basal  portion  linear,  not  inflated. 
He  gives  about  fifteen  habitats. 

G,  Sceptmm  (Rab.).  —  Habit  of  G. 
coronatum,  but  larger  and  more  robust, 
the  middle  more  inflated  and  much 
broader  than  the  obcordate  apiculated 
head ;  base  stallc-like,  not  inflated.  EabD. 
p.  60,  pi.  8.  f.  8.  America. 

G.  acuminatum  (E.). — Slender,  taper- 
ing below  into  the  stalk-like  base,  con- 
stricted above  the  ventricose  middle; 
head  dilated,  acuminate.  SBD.  i.  p.  79, 
pi.  28.  f.  288.  =  G.  trigonocephalum,  EM. 
pi.  6. 1.  f.  36 ;  G.  appendiadata,  Perty  KL, 
p.  204, 1. 17.  f.  12.  Europe,  Asia,  Africa, 
America, and  Austi-alia.  (xm.23.)  Difiers 
from  the  foregoing  species  by  a  cimeate 
or  tapering  apex.  In  a  variety  figured 
by  Professor  bmith  the  constriction  is 
nearly  obsolete.    1-860"  to  1-430''. 

_G.  Brehissonii  (K.). — Slender,  narrow, 
with  a  longly  attenuated  base  and  a 
slightly  ventricose  middle,  separated  by 
a  slight  constriction  from  the  cuneate, 
attenuated,  somewhat  obtuse  head.  KSA. 
p.  66.  Fi-ance.  Stipes  abbreviated  or 
nearly  obsolete.  Alrin  to  G.  acumina- 
tum, but  more  slender,  more  elongated 
into  the  stipes-like  base,  and  head  and 
median  inflation  smaller, 

_G.  Americanum  (E.).  —  Lateral  view 
with  three  inflations,  separated  by  two 
constrictions ;  head  ovate,  subacute. 
EM.  several  figures.  America,  Iceland. 
1-864". 

G.  elongatum  (S.).— Lateral  view  with 
three  inflations,  the  median  one  greatest  • 
upper  one  oblong,  with  cuneate  apex; 
lower  slender,  slight.  S.  in  ANH.  2  ser. 
XV.  p.  0,  pi.  1.  f.  i.=  G.  Brebissonii,  Greg! 


MJ.  ii.  pi.  4.  f.  18.  Franco,  England. 
1-864".  Scarcely  distinct  from  G.  Ame- 
ricanum ;  both  havo  the  inflated  base  of 
G.  coronatum,  and  cuneate  head  of  G, 
acuminatum. 

2 1  Head  roimdod,  neither  acute  nor 
apicidate. 

G.  geminatum  (A.).  —  Frustules  very 
large,  in  front  view  cuneate,  their  ter- 
minal pimcta  obsolete ;  lateral  view  in- 
flated at  the  middle,  constricted  above 
and  below,  with  dilated,  rounded  ends ; 
stiite  distinctly  moniliform.  SBD.  p.  78, 
pi.  27.  f.  235.  =Diotnphala  C/ava  Ilerculis, 
EM.  pi.  15  a.  f.  93.  (vn.  60.)  On  rocks 
in  subalpine  sti-eams.  Em-ope.  This 
species  forms  large  spongy  cushion-like 
tufts  composed  of  densely  matted  fila- 
ments. The  fi'ustules  are  easily  recog- 
nized by  their  large  size,  the  absence  of 
terminal  pimcta  in  the  fi'ont  view,  and 
the  conspicuous  stiise  of  their  lateral 
valves.  The  neck  is  much  constiicted, 
and  the  large  head  broadly  roimded  at 
the  end.  Kiitzing  refers  G.  Herctdsanum 
(E.)  to  this  species,  but,  we  believe, 
erroneously. 

G.  capitatum  (E.). — Lateral  view  tur- 
gid at  the  middle  and  slightly  con- 
stricted beneath  the  broadly  rounded 
head ;  pimcta  in  fr-ont  view  evident. 
SBD.  p.  80,  pi.  28.  f.  237.  =  G.  turgidum, 
EM.  pi.  2. 2.1.40?  Eiu-ope,Asia.  1-1720" 
to  1-280".  Striated,  attenuated  at  its 
base ;  stipes  elongated,  dichotomous. 
Sometimes  the  constriction,  which  is 
less  mai'ked  than  that  of  the  next  spe- 
cies, is  nearly  obsolete,  and  the  fi'ustules 
in  the  lateral  view  are  obovate. 

G.  constrictum  (E.).  —  Lateral  view 
ventricose  at  the  middle,  with  a  short 
neck  and  broadly  rounded  head ;  puncta 
at  upper  end  of  front  view  very  evident. 
SBD.  pi.  28.  i.  286.=  C?.  truncatum,  EM. 
many  figm-es ;  G.  paradoxum,  EM.  pi.  9. 1. 
f.  33,  34;  G.  pohlia^forme,  K.,  Ealfs. 
Forms  a  brown  discoloration  on  aquatic 
plants.  Common,  (x.  187-190.)  1-1720" 
to  l-280[';  striated,  attenuated  at  its 
base ;  stipes  becoming  elongated  and 
branched.  Distinguished  from  G.  gemi- 
natum by  its  much  smaller  size  and 
distinct  puncta  in  front  view.  We  find 
this  species  very  variable  in  the  develop- 
ment of  its  neck;  and  sometimes  in  a 
young  state  the  constriction  is  but  slight, 
and  the  form  resembles  G.  capitatum. 

G.  subtile  (T^.). — Slender,  lateral  view 
twice  constricted ;  head  small,  obtuse ; 
neck  slender,  elongated.  EM.  several 
figures.    Asia,  Africa,  America,  Lough 
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Mom-ue  deposit.  It  difi'ers  from  G.  con- 
strictum  in  its  more  slender  form  and 
longer  neck. 

G.A>i(jUctc77i(E.).—T-mce  constricted ; 
head  rounded,  rather  narrower  than  the 
oblong  inflated  middle,  which  tapers 
below  into  a  linear  stipes-like  base.  EM. 

?1. 15  A.  f.  86.  Lough  Mom-ne  deposit, 
reland.  It  is  allied  to  G.  subtile.  Pro- 
bably both  forms  should  be  united  to 
G.  co)istrictum. 

G.  Mustela,  EM.  pi.  17.  2.  f.  37.  FossU, 
Finland,  France;  recent,  Berlin.  We 
have  seen  no  description  of  this  species. 
Ehrenberg's  figm-es  represent  the  lateral 
view  elongated,  with  an  oblong  median 
inflation,  tapering  below  into  a  linear 
stipes-like  base,  and  above  into  the  ob- 
long head,  which  is  rounded  at  the  apex. 


2*  Frustules  imbedded  in  a  shapeless  gela- 
tinous substance.  (Gomphonella,  Rub.) 

G.  olivacmm  (Lyngb.,  E.).— Frustules 
and  stipes  forming  a  gelatinous  mass; 
front  -^aew  broadly  cimeate,  with  con- 
spicuous tei-minal  pimcta ;  lateral  valves 
obovate  or  stibclavate,  distinctly  stri- 
ated. SBD.  pi.  29.  f.  244.  =  Gomphonella 
olivacmm,  Rab.,  /3.  anr/usta ;  G.  angusta, 
K. ;  G.  angusta,  Hab  D.  p.  61,  t.  9.  f.  2. 
Smaller  and  shorter,  with  obsolete  strias. 
Europe.  1-2300"  to  1-1020".  It  forms 
rather  large  mucous  masses  of  a  pale 
brown  colom-,  which,  when  dried,  be- 
come pale  green  with  a  granulated 
appearance. 

G.  Lenormandi  (Chauvin).  —  Front 
view  narrow,  nearly  linear  j  lateral 
valves  lanceolate  acute,  with  indistract 
striEB.  KSA.  p.  65.  =  Sphenella  ?  Lenor- 
mandi,. KB.  pi.  30.  f.  61 ;  Gomphonella 
Lenormandi,  Rab.  Falaise,  France. 
1-960".  Stipes  slender,  at  length  elon- 
gated. 

G.parvtdum  (K.). —Frustules  of  the 
size  and  form  of  Sphenella  parnda,  but 
stipitate  and  aggregated  into  a  dense 
mucous  stratum.  KSA.  p.  65,  =  Gom- 
phonella parvida,  Rab. 

3  *  Frustules  in  front  vieio  curved,  with 
two  longitudinal  suture-likc  lines  or 
vittce. 

G.  curvatum  (K.).— Fi-ustules  in  front 
view  curved,  with  distinct  terminal 
puncta  and  longitudinal  vittre;  lateral 
valves  clavate.  ItB.  p.  85,  pi.  8.  f.  1-3. 
=  G.  minutissimum,  E.  Common.  Eu- 
rope, Asia,  Africa,  America,  (xn.  9-12 ; 
xin.  11.)  a,  aquatic,  =  G.  curvatum, 
SBD.;  /3,  marine,  =  G.  marmum,  bHV. 


This  species  diftei-s  considerably  from 
the  other  species  of  Gomphonema  in  its 
ciu'ved  frustules  and  longitudinal  suture- 
like strice,  and  perhaps  ought  to  be  sepa- 
rated from  them.    It  agi-ees  with  Rhi- 
pidophora  in  the  latter  character  and 
with  Achnanthes  in  having  a  median 
nodule  in  the  ventral  or  concave  valve 
only.    It  varies  in  its  mode  of  gi-o-wth, 
according  as  it  is  fovmd  in  fresh,  brack- 
ish, saline,  or  marine  waters.    The  frus- 
tules are  scattered,  flabeUately  conjoined, 
or  aggi'egated  in  minute  cushion-like 
tufts.    The  stipes  is  short,  incrassated, 
and  in-egularly  branched,  or  more  or  less 
elongated,  slender,  and  dichotomously 
divided.     Professor  Smith  makes  the 
marine  fomi  a  distinct  species,  and  gives 
the  following  differential  characters: — 
G.  curvatum :  "  Stipes  elongated,  fila- 
mentous and  dichotomous;  stiiee  22  to 
30  iu  -001'"  ;  aquatic."    G.  marinum : 
"  Stipes  incrassated,  branching  m  an 
irregular  manner;  strise  35  in  -001'"; 
marine."     Professor  Smith,  however, 
admits  that  it  is  difficult  to  distinguish 
them  if  we  confine  our  attention  merely 
to  the  frustules;  "but,"  continues  he, 
"  the  general  appearance  of  the  gi-owing 
plants,  ai'ising  fr-om  the  characters  of 
their  stipes,  is  very  difierent,  and  then- 
habitats  are  so  wide  apai-t  that  there  can 
be  no  doubt  of  then-  distinctness."  We 
are  unable  to  conciu-  in  this  opinion  ;  for 
our  experience  is  quite  different,  and,  as 
we  stated  several  years  ago,  we  find  the 
stipes  in  the  maiine  foi-m  more  elon- 
gated than  in  the  aquatic  one.    "  I  have 
attempted  in  vain  to  find  some  specific 
character  to  distingiiish  the  marine  fonn. 
It  is  more  branched,  has  a  rigid  appear- 
ance, and  the  striae  connecting  the  puncta 
on  the  front  suiface  are  strongly  marked ; 
but  intermediate  specimens  occasionally 
occur,  in  which  all  these  differences 
vanish"  (ANH.  xii.). 


4*  Fi-ustules  in  lateral  view  obovate  or 
clavate, 

t  Crested  or  pointed  at  the  apex. 
G.ms<rt<«m(Ra.).— Frontviewcrested; 
lateral  view  obovate,  crowned  mth  a 
minute  point.  SBD.  p.  79,  pi.  28.  f.  239. 
=  G.  nasutum,  EM.  pi.  2.  2.  1.  41 ;  Sphe_- 
nella  ?  appcndiculata,  Pertj',  p.  203,  1. 1/. 
f.  14.  Europe,  Asia,  America,  btipes 
nearly  simple;  frustides  in  front  view 
cuneate,  with  somewhat  roimded  angles, 
crested  as  in  G.  coronatum;  terminal 
puncta  obsolete.  Ehrenberg  descnbes 
his  G.  nasutum  as  allied  to  G.  Augur, 
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but  shorter  and  stouter.  To  G.  cristatttm 
probably  beknigs  the  INIexican  form  de- 
scribed'by  Ehrenberg  as  a  variety  of 
G.  Auf/iii;  having-  the  apex  constricted 
into  a  small  terminal  mucro. 

G.  Augur  (E.).  — Front  view  liuear- 
cimeate,  lateral  view  rhomboid,  with 
subacute  apex  and  acuminated  base. 
EM.  several  figm-es.  Eiu'ope,  Asia, 
Australia,  Africa,  America.  1-960". 
"More  slender  and  with  shai-per  point 
than  G.  cristatum,"  Rab.  Professor 
Kiitzing  imites  G.  cristatum  to  this  spe- 
cies ;  and  certainly  they,  as  well  as  G. 
Lagenula,  seem  closely  allied.  Ehren- 
berg's  figures  vary  considerably  in  form, 
but  all  have  the  apex  more  cuueate  than 
we  have  ever  seen  it  in  G.  cristatum. 

G.  Lagenula  (K.).  —  Slender,  linear- 
cuneate,  finely  striated;  lateral  view 
clavate,  crowned  with  a  minute  point, 
tapering  and  subacute  at  base.  I03. 
p.  85,  pi.  30.  f.  60.  =  G.  sphcei-ophoricm,  EM. 
pi.  35  A.  7.  f.  14.  America,  Europe. 
Stipes  short.  1-720".  This  form  ap- 
parently differs  from  G.  cristatum  only 
in  its  narrower  frastule. 

G.  apimlatum  (E.). — Cimeate ;  lateral 
view  obovate,  with  acute  cimeate  apex 
and  tapeiing  base.  EM.  pi.  4.  2.  f.  39. 
Fossil.  America,  (xn.  28  &  53.)  /3 
more  slender  than  G.  apiculatim :  EM. 
pi.  2.  2.  f.  43. 

G.  Tiirris  (E.).  —  Much  elongated, 
clavate,  its  apex  suddenly  acutely  cu- 
neate.  EM.  several  figm-es.  Africa, 
America,  India,  Japan.  Ehi'enberg's 
figm'es  vary  in  fomi,  but  are  mostly 
clavate,  with  or  without  a  slight  con- 
striction above  the  middle.  "Aliin  to 
G.  gracile,  but  stouter,"  E. 

2 1  Apex  in  lateral  view  neither  acute 
nor  apiculate. 

G.  ahhreviatum  (A^.).  —  Frustules 
broadly  cuneate,  conjomed  in  a  flabel- 
late  manner ;  lateral  view  obovate,  with 
indistinct  striae  and  rounded  apex.  KB. 
p.  84,  pi.  8.  f.  5-7.  =  Echinella  ahhreviata, 
Ehr.  /3.  longipes ,{K.),  stipes  elongated; 
subbranched,  =  G.  rotundatum,  E.  Eu- 
rope, Asia,  Austi-alia,  America.  1-1152" 
to  1-840".  Stipes  rather  thick,  usually 
very  short  and  simple,  but  in  var.  ^ 
more  elongated. 

G.  sphenelloiclcs  (Rab.).  —  Obovate, 
smooth,  with  broadly  roimded  apex; 
stipes  simple,  stout.  Rab  D.  p.  58,  pi.  8. 
f.  1.  Italy.  Front  view  cuneate.  Pro- 
bably only  a  foinn  of  G.  ahhreviatum. 

G.  microptis  (K.). — Front  view  lineai-- 
cuneate,  tnmcate  at  each  end;  lateral 


view  obovate-lauceolate.  KB.  p.  84, 
pi.  8.  f.  12.  Germau)^,  France.  Very 
finely  striated?;  stipes  very  short  and 
obsolete,  or  elongated  filiform  and  sub- 
ramose.  "  Resembles  G.  sphenelloides, 
but  is  smaller  and  more  slender,"  R.  I.  a. 

G.  teneUum  (K.).  —  Minute,  smooth  j 
lateral  view  obovate-lanceolate ;  stipes 
abbreviated,  simple.  KB.  p.  84,  pi.  8. 
f.  8.    Em-ope.  1-1440". 

G.  Persicum  (Rab.). — Lateral  view 
obovate,  -with  rounded  upper  end,  stri- 
ated ;  fr-ont  view  broadly  cimeate.  Rab  D. 
p.  59,  pi.  8.  f.  4.  Persia.  The  figm-e  re- 
presents the  front  view  with  conspi- 
cuous terminal  pimcta  and  longitudinal 
vittfB  or  sutm-e-like  lines. 

G.  Hercynicum  (Rab.). — Lateral  view 
obovate-lanceolate,  with  obtuse  ends, 
the  upper  one  cimeate ;  striae  distinct ; 
fr'ont  -view  broadly  cimeate,  Rab  D. 
p.  59,  pi.  8.  f.  28. 

G.  subramosum  (Ag.).  — Lateral  view 
clavate ;  fr-ont  view  cuneate,  with  acute 
base ;  stipes  long,  slender,  nearly  simple. 
KB.  p.  85,  pi.  8.  f.  \b.=  G.  septatum,  A^ 
CD. ;  G.  oculatum,  KSA. ;  G,  discolor  and. 
G.  clavatum,  E.  (according  to  Kiitzing). 
Common.  Em-ope,  Asia,  Africa,  Ame- 
rica. 1-1140"  to  1-600".  Striaj  very 
faint.  We  quote  G.  clavatum  (E.)  under 
this  species  in  deference  to  Kiitzing's 
authority,  because  the  description  will 
not  determine  the  question ;  and  although 
Ehrenberg,  in  his  'Microgeologie,'  figm-es 
it  fi-om  more  than  twenty  stations,  yet 
those  figures  diifer  so  greatly  as  to  afibrd 
no  decisive  information  :  several  of  them 
are  lanceolate  or  clavate,  whilst,  lilce  G. 
Gluns  (a  species  indeed  described  as 
having  a  general  resemblance  to  G.  clava- 
tum), tlie  greater  number  have  an  inflated 
centre. 

_G.  erosum  (Rab.).  —  Oblong-obovate, 
with  emarginate  apex  ;  fr-ont  view 
nan-ow-cimeate ;  stipes  dichotomously 
divided.  Rab  D.  p.  59,  pi.  10.  f.  12. 
Dresden. 

5  *  Frustules  in  lateral  view  ventricose  at 
the  middle,  attenuated  at  each  end. 

G.  Glans  (E.). — Ovate-oblong,  tiuuid ; 
upper  end  rounded,  with  a  slightly  tu- 
mid neck.  EM.  pi.  4.  2.  f.  35.  Aas,  a 
general  resemblance  to  G.  clavatujn,  but 
IS  shorter,  stouter,  and  more  obtuse. 
Ehrenberg's  figm-es  represent  it  with 
ventricose  centre,  broadlj''  conical  above, 
with  rounded  apex,  and  tapering  below 
into  a  short,  slenderer  base. 

G.  Oregmiicnm,  EM.  pi.  37.  2.  f.  12,  13. 
Fossil.    Oregon.    Ehrenberg's  figure  of 
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the  lateral  view  lias  an  obloug  inflated 
centre,  suddenly  constricted  above  into 
a  cone  with  rounded  apex,  and  taper- 
ing below  into  a  slender  base ;  the  front 
view  is  large,  broadly  cimeate,  with 
striated  lateral  margins,  rounded  base, 
and  conspicuous  puncta  at  upper  end. 
It  difters  Itoiu  G,  Glans  in  its  larger  size 
and  more  elongated  inflated  centi-e. 

G.  Mamilla,  EM.  pi.  37. 2.  f.  10.  Ore- 
gon. Ehrenberg's  figui-e  of  the  lateral 
view  resembles  G.  Oregonimmi,  but  is 
stouter  in  proportion  to  its  length,  and 
the  basal  end  is  shorter  and  more 
truncate. 

G.  giganteum  (E.). — Very  large  and 
tm-gid,  distinctly  striated,  lanceolate, 
the  subacute  apex  rather  more  acute 
than  the  base.  ERBA.  1852,  p.  534. 
Recent.  California.  It  is  more  akin  to 
G,  Mamilla  than  to  G.  Serculeanum, 
but  differs  in  its  larger  size  and  slenderer 
base.    Centre  inflated. 

G.  Herculeanum  (E.). — Very  large, 
minutely  striated,  oblong,  inflated  at  the 
middle ;  the  ends  attenuate  and  rounded, 
the  basal  one  slenderer.  EM.  pi.  35  a. 
7.  f.  12,  13.  Lake  Michigan,  Niagara, 
and  Oregon.  Stipes  long,  hyaline,  dicho- 
tomous  ;  length  of  frustule  1-216".  Pro- 
fessor Kiitzing  imites  this  form  to  G. 
gmninatum ;  but  according  to  Ehrenberg's 
flgm-es,  they  are  very  diflerent.  The  upper 
end  is  figm-ed  in  this  species  as  broadly 
conical,  not  dilated  into  a  head  as  in 
G.  geminatum.  The  front  view  is  repre- 
sented as  more  cimeate,  and  fiu-nished 
with  conspicuous  pimcta  at  the  upper 
end. 

G.  intricatmn  (K.).  —  Inflated  at  the 
middle,  much  produced  at  each  end, 
narrow,  obtuse ;  stipes  rather  rigid,  mu- 
cous, extremely  interwoven,  dichoto- 
mous.  KB.  p.  87,  pi.  9.  f.  4.  Gei-many. 
Foi-ms  a  firm  slimy  stratum  on  rocks. 
1-420".  This  species  is  described  and 
figm-ed  by  Kiitzing  and  Rabenhorst  as 
slender,  with  inflated  centre,  whilst  Smith 
describes  the  British  forms  as  lanceolate, 
 a  difierence  which  renders  their  iden- 
tity problematical.  Front  view  naiTow- 
crmeate. 

G.  longiceps,  EM.  pi.  7.  3  b.  f.  9.  Appa- 
rently common,  since  Ehrenberg  gives 
thirty-eight  habitats  in  Em-ope,  Asia, 
Austi-alia,  Africa,  and  America.  We 
have  seen  no  description  of  this  species ; 
the  figures  represent  it  as  narrow-cune- 
ate  in  the  front  view,  and  the  lateral 
view  striated,  inflated  at  the  centi-e,  with 
the  ends  elongated  into  beaks,  the  apex 
obtuse,  and  the  base  truncate.. 
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G.  veidricomni  (Greg.).  —  Much  in- 
flated at  the  centre,  upper  end  conical, 
lower  slender,  constricted  above  the 
roundish  base.  Greg.  IMJ.  p.  4,  pi.  1.  i.  40. 
Scotland.  -0013"  to  -0018".  This  fom 
much  resembles  G.  Glaus;  the  base,  how- 
ever, is  dilated  and  roimded — characters 
wanting  in  the  figures  of  that  species. 

G.  Cygnns  (E.). — Naii-ow,  with  a  lan- 
ceolate inflated  centre,  and  linear,  elon- 
gated, beak-lilce  extremities.  EM.  pi.  5. 3. 
f.  33.  America,  Asia.  Obtuse  at  apex, 
and  trimcate  at  base.  Kiitzing  thinlcs 
this  may  be  identical  with  his  Sphendla 
rostellata. 

G.  Vihrio  (E.).  —  Elongated,  inflated 
at  the  middle,  and  gradually  tapering 
into  long  beak-like  extremities ;  the 
upper  one  subacute.  EM.  pi.  39.  3.  f.  71. 
Cayenne.  SD.  i.  p.  81,  pi.  38.  f.  242. 
(xn.  35.)  "Akin  to  G.  gracile,  but 
longer,  more  slender,  and  approaching 
to  Pinnularia  ampliioxys  "  (E.). 

G.  rostratum  (Sm.).  —  Lateral  view 
ovate-eUiptical,  produced  at  the  upper 
extremity  into  a  linear  obtuse  rosti-um, 
slightly  constiicted  below;  stiise  30  in 
•001".  SBD.  ii.  p.  99.  Bai-leylake,  Co. 
Cork.  -0009"  to  -0012".   Stipes  distinct. 

G.  ?  Selridense  (Greg.).— Lateral  -dew 
elongated,  narrow-lanceolate,  -svith  in- 
flated centre,  acute  equal  apices,  and 
very  fine  striae.  Greg.  MJ.  ii.  p.  99.  pi.  4. 
f.  19.  MuU  deposit.  Professor  Gregory 
remarks  that  it  seems  to  stand  between 
G,  tenellum  and  G.  Vibrio,  but  that,  only 
its  lateral  view  having  been  seen,  its 
genus  is  uncertain. 

6  *  Frusticles  lanceolate  in  the  lateral 
view. 

G.  dichotomum  (K.).  —  Lateral  -dew 
nan-ow-lanceolate,  vnXh  slightly  obtuse 
apices,  striated ;  fi-ont  view  nan-ow- 
linear,  cuneate.  SD.  i.  p.  79,  pi.  28. 
f.  240.  =  G.  gracile,  EM.  munerous  figures. 
Common.  "1-1150"  to  1-860".  Stipes 
usually  elongated  and  dichotomous,  but 
sometimes  abbreviated  and  sub-simple. 
The  frustides  somewhat  resemble  those 
of  G.  olivaceum,  but  are  narrower ;  theii- 
pimcta  also  are  far  less  distinct.  This 
species  appeai-s  generally  diilused,  smce 
Ehrenberg  gives  upwards  of  100  habitats, 
scattered  over  the  world. 

G.  lanceolatum  (E.).  —  Lateral  view 
striated,  lanceolate,  with  acute  ends; 
front  view  linear-cuneate,  verj  gi-adu- 
ally  tapering  at  each  end.  KB.  p.  8/, 
pi.  30.  f.  59.  America.  Ehreubei-gs 
figures  represent  the  lateral  view  broader 
than  in  6.  dicliotomwn. 
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G.  affine  (K.)-  —  Uatlier  turgid,  elon- 
gate, striated ;  moi'gins  in  front  view 
slightly  curved;  lateral  view  sublau- 
ceolate,  with  an  obtuse  apex.  KB,  p.  80, 
pi.  30.  f.  54.  Trinidad.  1-300".  Stipes 
abbreviated,  subramose.  "  It  differs  from 
G.  dichotomum  in  its  firmer  habit  and 
broader  sides;  lateral  apices  more  ob- 
tuse "  (K.).  According  to  Rabenhorst,  it 
is  slenderer  than  G.  lanceolatum,  but 
scarcely  specifically  distinct. 

G-.  Pibida  (Br(5b.).  —  Slender,  elon- 
gated, very  narrow-cuneate ;  lateral 
view  acicular,  very  slender;  stipes  short, 
nodule  obsolete.  KSA.  p.  65.  France, 
England.  A  Inn  to  G.  dichotomum,  but 
dift'ers'in  its  slenderer  frustules. 

G.  exiguum  (K.).  —  Minute,  smooth, 
lateral  ^dew  lanceolate;  stipes  slender, 
subramose.  KB.  p.  84,  pi.  30.  f.  58.  Ma- 
rine.   France,  Jutland.  1-1440". 

G.  cuspidatum  (Rab.). — Cimeate,  often 
curved ;  lateral  view  smooth,  lanceolate, 
■with  acute  ends.  Rab  D.  p.  59,  pi.  8. 
f.  22.  Saxony.  With  or  without  a 
stipes. 

G.  csquale  (Greg.). — Lateral  view  lan- 
ceolate, with  minutely  capitate  apices, 
an  exactly  central  nodule,  and  conspi- 
cuous striae.  Greg.  MJ.  iv.  p.  12,  pi.  1. 
f.  41.  Scotland.  -OOl".  Stria  22  to  24  in 
•001".  It  agTces  nearly  with  some  foims 
of  G.  tmeUum,  from  which,  however,  it 
differs  in  having  much  wider  and  coarser 
strise,  and  in  the  central  position  of  the 
nodule,  Greg.  I.  c.  A  slight  constriction 
exists  beneath  each  end.  Professor  Smith 
refers  it  to  G,  tenellmn. 

G.  insigne  (Greg.). — Lateral  view  lan- 
ceolate, slightly  rhomboid,  with  obtuse 
ends ;  stiias  18  to  20  in  -001".  Greg.  MJ. 
iv.  p.  12,  pi.  1.  f.  39.  Scotland.  -0016" 
to  -0025".  "  Distinguished  by  its  size  and 
the  coarseness  of  its  striation.  Side  view 
doubly  conical,  the  angles  at  the  broadest 
part  being  strongly  marked."  Professor 
Smith  thinks  it  may  be  a  form  of  G. 
Sarcophagus. 

G.  Sarcophagus  (Greg.). — Lateral  view 
clavate,  lanceolate,  constricted  near  the 
•extremities,  which  are  minutely  capitate. 
Greg.  MJ.  iv.  p.  13,  pi.  1.  f.  42.  Scotland. 
■0014".  Strife  20  to  22  in  -001".  Widest 
part  about  one-third  from  apex.  Pro- 
fessor Gregoiy  compares  the  outline  to 
that  of  a  cofiin. 

G.  mimdissimum  (K.). — Linear-cune- 
ate,  smooth,  with  a  slender  subbranched 
stipes;  lateral  view  naiTow-lanceolate. 
KB.  p.  84,  pi.  8.  f  11.  Marine.  Britain, 
(xn.  17.)  Kiitzing  regards  this  as  the 
Q.  minutissimum  of  Greville;  but  that 


opinion  is  doubtless  eiToneous ;  for  this 
is  a  marine,  and  Greville's  was  an  aquatic 
gatliering  in  which  G.  olivaceum  and  G, 
curvatum  were  mixed  together. 

G.  auritum  (Braun.). — Broadly  cune- 
ate  in  front  view,  the  upper  end  trmicate, 
with  an  awn  at  each  angle ;  lateral  view 
lanceolate,  with  a  tenninal  awn.  Rab  D. 
p.  59,  pi.  8.  f.  3.  Baden.  Habit  of  G^, 
intricatum,  but  furnished  Avith  awnlike 
spines. 

G,  Naviculoides  (S.).  —  Stipes  distinct 
and  regularly  dichotomous ;  fi-ont  view 
subUnear,  trimcate ;  lateral  view  acutely 
lanceolate,  with  the  extremities  equal 
and  nodule  central.  SBD.  ii.  p.  98.  In 
the  Victoria  Regia  tank,  Ediubm'gh. 
According  to  Professor  Smith,  this  spe- 
cies, in  a  lateral  view,  is  not  to  be  di- 
stinguished from  a  Navicula,  as  the 
nodule  is  almost  exactly  centi'al. 

Species  insufficiently  described,  or  known 
to  us  only  by  name. 

G.  digitatum  (K.).  —  Frustules  very 
minute  and  smooth,  linear-ciuieate,  fla- 
bellate;  stipes  simple,  dilated  above. 
KB.  p.  84,  pi.  21.  f.  2. 2.  Marine.  Cux- 
haven.  1-080".  Kiitzing  gives  no  de- 
scription or  figuje  of  the  lateral  view. 

G.  telographicum  K.). — Frustules  mi- 
nute and  very  smooth,  slender,  cimeate, 
somewhat  more  acute  at  base,  umbel- 
lately  aggregated  on  a  simple  abbrevi- 
ated stipes  dilated  at  its  apex.  KB.  p.  84, 
pL8.f.9.  Maritime.  Heligoland.  1-1200". 

G.  crassum  (Rab.).  —  Front  view 
broadly  cimeate,  trimcate  above,  roimded 
at  base  ;  the  lateral  margins  convex, 
faintly  striated.  Rab  D.  p.  59,  pi.  10.  £  13. 
Persia.  Although  only  the  front  view 
is  described  and  figiu'ed,  yet  the  species 
seems  well  distinguished  by  the  convex 
(not  sti'aight)  lateral  margins,  giving 
it  an  obovate  form  with  the  broader 
end  tnmcate.  The  pimcta  are  conspi- 
cuous in  the  figui'e,  as  are  also  two  lon- 
gitudinal lines  or  vittse. 

G.  pidvinatum  (Braim).  —  Front  view 
broad,  linear-cimeate ;  base  smaller  than 
the  very  thick,  sei-pentine,  irregularly 
divided  stipes.  Rab  D.  p.  58,  pi.  8.  f.  16. 
Zmich.  "  Forms  little,  very  thick,  smooth 
knoblike  cushions  of  equal  height." 

G.  ?  contracttmi  (K.). — Very  minute, 
attenuated  at  tlie  base,  slightly  con- 
stricted at  the  middle,  witli  a  dilated 
roimded  apex ;  stipes  simple,  abbreviated 
or  obsolete.  KB.  p.  86,  pi.  14.  f.  21.  3. 
Germany.  1-1440".  Kiitzing's  fioiu-e, 
which  IS  vtn-y  minute  and  pyritorni, 
shows  no  median  line,  nodule,  or  strioc. 
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G.  insulare  (E.),  G.  temdcoUe  (E.), 
Australia;  G.  lonyicolle  (E.),  Australia, 
Asia,  America;  G.  Jordani  (E.),  River 
Jordan ;  G.  obtusum  (E.),  Arabia,  Ame- 
rica; G.  turrititm  (E.),  Arabia;  G.  mti- 
cronatum    (E.),  G.  rhomboidcum  (E.), 


Asia ;  G.  Mosambicmse  (E.),  Africa ; 
G.  Maryaritaceum  (E.),  G.  Savannce 
TE.),  British  Guinea ;  G.  lanceolatum 
{El.),  America ;  G.  Pulea  (E.),  fossil, 
Jui'a  Mountains,  France. 


Genus  SPHENOSIEA  (E.).  —  Frustules  united  into  a  straight  compressed 
filament;  lateral  siu-faces  with  unequal  extremities  and  a  distinct  central 
nodule.  Aquatic.  The  frustules  in  front  view  are  scarcely  cuneate  ;  and  the 
genus  could  be  better  placed  in  the  Kaviculese,  as  indeed  Kiitzing  himself 
suggests ;  it  seems  to  differ  from  them  only  in  the  unequal  ends  of  the 
lateral  surfaces. 


SpHENOsmA  Catena  (E.).— Frustules 
smooth;  lateral  view  vnth  a  mucro  at 
apex  and  a  gradually  attenuated,  some- 


what obtuse  base.  EA.  p.  98,  pi.  3. 1. 
f.  27 ;  KB.  p.  88,  pi.  29.  i  47.  Mexico. 
(XI.  30.) 


FAMILY  XYIII.— NAYICULEiE. 

Frustules  free,  concatenate,  or  included  in  a  more  or  less  definite  frond ; 
front  view  generally  linear  or  quadrangular ;  valves  with  similar  ends,  a 
median  longitudinal  line,  and  central  nodule.  "  The  Naviculeae  fi-equently 
resemble  individuals  in  other  famiHes,  hut  are  to  be  distinguished  by  the 
central  nodule  of  the  lateral  surfaces,  as  weU  as  by  the  regulanty  and 
symmetry  both  of  these  and  the  front  view  "  (Menegh.).  In  the  minuter 
forms  the  nodules  are  frequently  very  indistinct;  when  present  however 
they  usuaUy  appear,  in  the  fi'ont  view,  like  a  pimctum  at  the  middle  of  each 
lateral  margin.  In  doubtful  cases  this  appearance  will  often  aid  m  ascer- 
taining their  presence. 

*  Frustules  nude. 

Genus  NAYICTJLA  (Bory,  Kab.).— Frustules  simple,  free,  prismatic  in  front 
view,  rectangular  laterally,  with  a  longitudinal  median  peUucid  kne  with 
central  and  terminal  nodules.  Navicula  was  divided  by  Ehrenberg  into  two 
genera— Navicula  with  smooth,  and  Pinnularia  with  striated  valves  ;  but 
this  division  was  not  received  by  Kiitzing  or  Brebisson,  and  is  certainly  un- 
sound, as  it  assigns  the  species  to  each  genus  according  to  the  power  ot  the 
author's  microscope,  whilst  stri^,  we  believe,  are  almost  always,  if  not  um- 
yersaUy,  present  on  the  valves.  The  late  Professor  Smith  reconstituted 
Ehrenberg's  genera,  and  made  their  characters  depend  on  the  presence  or 
absence  of  coL.  These  characters  were  far  better  than  those  of  Ehi-enberg ; 
and  were  the  costiE  always  plainly  developed  as  m  Pmnularm  nohlis  and  ite 
allies  no  difSculty  could  occui-  in  determining  the  genera ;  but  in  many  ot  tJie 
more  minute  species  it  is  often  very  dif&cult  to  distinguish  between  striae  and 
Sstaj  We  have  not  admitted  Pinnularia  here,  partly  for  the  reason  just 
given]  but  principally  because  we  cannot  decide  to  which  genus  a  lai'ge  num- 
ber of  Elirenberg's  species  should  be  referred. 

slio'htly  constricted  at  the  middle  and 


A.  Valves  more  or  less  constricted  at  the 
middle  (Diploneis,  E.). 

Navictjla  Americana  (E.).  — Turgid, 
linear-oblong,  with  slightly  constncted 
centre  and  broadly  rounded  ends ;  stn^ 
wanting  or  indistinct.  EM.  pi.  ^-  i- 
16    New  York  and  Rhode  Island. 

N.  Faba  (E.,  K.).  — Tiugid,  oblong, 


rounded  at  the  ends,  marked  by  longi- 
tudinal lines ;  strioe  wanting  or  indi- 
stinct. =  Diploneis  Faba,  EB.  1S40, 
p.  365.  River  Tagus.  The  median  hue 
interrupted  by  the  central  nodule ;  three 
lines  on  each  side  continuous. 

N.  hyalina  (E.,  K.).  —  SUghtly  con- 
stricted at  the  middle,  with  oblong  lobes, 
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rounded  ends,  a  longitudinal  median 
fascia  of  lines,  and  a  narrow  piuuulated 
hordei:  =  Diploncis  ?  hi/alina,  EB.  p.  302. 
Marine.  India.  May  be  more  aJiin  to 
Cymatoplcura  Solea. 

N.  hinodis  (E.).  —  Smooth,  minute, 
narrow  pandmifoi-m,  with  aeimiinated 
rostrate  apices ;  median  nodule  very 
distinct.  EB.  1840,  p.  18 ;  KB.  p.  100,  pi.  3. 
f.  35.  =  Fmgilaria  hinodis,  EA.  p.  127. 
Fossil,  Santa  Fiore  ;  recent  in  pools,  &c. 

N.  duplicata  (E.).  —  Smooth,  small, 
rather  broad  panduriform,  with  attenu- 
ate subacute  apices.  EM.  pi.  21.  f.  35. 
Cuba.  In  Ehrenberg's  figure  the  ends 
are  somewhat  cuneate,  and  the  median 
line  simple. 

N.  incurva  (Greg.). — Small,  smooth, 
sublinear,  with  a  shallow  sinus  on  each 
side,  and  ends  suddenly  contracted  into 
obtuse  subcapitate  beaks.  MJ.  It.  p.  8, 
pi.  1.  f.  26.  Scotland. 

N.  constricta,  EM.  pi.  38.  17.  f.  3. 
Volcanic  ashes,  Iceland.  Ehrenberg  re- 
presents it  as  smooth,  minute,  panduri- 
form ;  ends  roimded,  each  terminated  by 
a  minute  nipple-like  point ;  median  line 
simple. 

N.  eviarginata,  EM.  pi.  39.  f.  83. 
Ehrenberg's  figure  is  minute,  smooth, 
pandm-iform,  with  each  end  suddenly 
contracted  into  an  obtuse,  broad,  mam- 
miform beak. 

N.  paradoxa  (E.). — Large,  smooth; 
oblong,  slightly  constricted  at  the  middle, 
with  four  longitudinal  median  lines  and 
somewhat  obtuse  cimeate  ends.  EA. 
pi.  1.  3.  f.  4.  6.  Peru. 

N.  imperialis  (E.,  K.). — ^Dilated,  with 
constiicted  middle  and  subacute  apices, 
a  simple  series  of  conspicuous  gi-anides 
accompanjdng  the  middle  fun-ow,  which 
is  smooth  on  both  sides;  lateral  series 
alike,  two  perfect  ones  inclosing  an  im- 
perfect median  sinus,  all  intermpted  at 
the  middle.  =  JDiploneis  impmialis,  EB. 
1845,  p.  362.  Marine.  India.  Granules 
large,  pearl-like. 

_  N.  Entomon  (E.).  —  Large  ;  slightly 
fiinuato-constricted  at  the  middle,  with 
oblong  lobes  and  subacute  cuneate  ends ; 
strife  19  or  20  in  1-1200".  EB.  1840. 
=  PinnulariaMitomon,  EA.  pi.  1. 1.  f.  3,  4 ; 
JDiploneis  Entomon,  EM.  pi.  19.  f.  30. 
Marine.  Fossil,  Greece  ;  recent,  Eu- 
rope, Asia,  Africa.  Distinguished  by 
its  shallow  stricture  and  smooth  strife. 

N.  Conops  (E.,  K.).— Small,  panduri- 
fom,  very  finely  striated,  ^vith  cordate 
lobes  and  acute  apiculate  apices,  =  Pin- 
milaria?  Conops,  EA.  pi.  3.  7.  {.  20. 
America. 


N.  tncurvata  (Greg.). —  Panduriform, 
with  rounded  ends ;  striae  30  in  'OOl", 
minutely  moniliform ;  median  line 
straight,  with  dark  shaded  lines  on  each 
side.  TM.  iv.  p.  44,  pi.  5.  f.  13.  Maiine. 
Scotland. 

N.  splcndida  (Greg.).  —  Large,  pan- 
duriform, much  constricted,  with  ellijjtic- 
oblong  lobes  and  obtusely  triangular 
ends ;  striss  distinctly  moniliform.  TM. 
iv.  p.  44,  pi.  5.  f.  14.  Marine.  Scotland. 
Median  line  straight,  and  having  on  each 
side  a  narrow  blank  space. 

N.  Proserpince  (E.).  —  Very  large, 
deeply  constricted ;  lobes  almost  rhom- 
boid, with  subacute  apices ;  sides  stri- 
ated, lines  decussatiag  at  a  right  angle, 
a  broad,  pellucid,  smooth  median  fascia 
divided  by  two  lines  into  three  parts ; 
mnbilicus  circular.  =  Diploneis  Proser- 
pince, EB.  1858,  p.  13.  Marine,  ^gean 
Sea. 

N.  Musca  (Greg.).  —  Small,  pandmi- 
form,  with  turgid  lobes  and  acute  cune- 
ate apices ;  striae  rather  distant,  coarse, 
moniliform,  short,  forming  a  marginal 
band.  GDC.  p.  7,  pi.  1.  f.  6.  Marine. 
Scotland.  Striae  18  in  -001";  median 
line  and  nodule  distinct. 

N.  Bombus  (E.,  K.).  —  Pandm-ifonn, 
with  subcordate  lobes  and  subacute 
apices  ;  striae  dense,  coarsely  moniliform. 
IlSA.  p.  83.  =  PinmdariaBo7nbus,  ERBA. 
1844;  GD.pl.  1.  f.  12;  Diploneis  Bombus, 
EM.  pi.  19.  f.  31.  Eiu'ope.  1-384" ;  strife 
21  in  1-1200".  Granules  of  the  largest 
striae  in  fom-s.  Median  line  broad,  with 
a  scjuare  central  nodule.  Characterized 
by  its  shoi-t  tru-gid  lobes  and  close,  large, 
pearly  granules. 

N.  didyma  (E.,  K.).  —  Rather  broad, 
slightly  constr-icted  at  the  middle,  vdth 
shoi-t  suborbicular  lobes  and  broadly 
rounded  ends ;  stiia3  distinct,  gi-auulate. 
KB.  p.  100,  pi.  4.  f  7 ;  SD.  i.  pi.  17.  i.  154. 
=  Pinnularia  didyma,  EA.  pi.  2.  4.  f.  3. 
Marine.  Em-ope,  Asia,  Africa,  America, 
(vn.  61;  XV.  12.) 

N.  dissimilis  (Rab.).  —  Large,  pan- 
duriform, with  broadly  rounded  ends; 
stria9_  stout,  curved,  converging,  not 
reaching  the  median  lino ;  front  view 
gibbous  at  the  centre  and  tapering  to- 
wards the  ends,  which  are  truncate.  = 
Pinnularia  dissimilis,  Rab.  p.  45,  pi,  6. 
f.  32.  Persia. 

^.  Pandura  (Br(5b.). — Large,  elong- 
ated panduriform,  with  elliptic  lobes 
and  obtuse  apices ;  costte  smooth.  BD. 
pi.  15.  f.  A.  =  Pinnularia  Pandura,  GDC. 
p.  17,  pi.  1.  f  22 ;  N.  nitida,  TM.  iv. 
p.  44,  pi.  5.  I  12.    Europe.    jM,  de  Bi-^- 
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bisson  regards  tliis  form  as  distinct  from 
N.  Cnibro,  E. ;  and  it  undoubtedly  is 
from  the  Trinidad  Diatom  figured  by 
Dr.  Greville  for  that  species.  We  con- 
sider, however,  that  N.  Pandura,  Br^b. 
not  only  agrees  in  its  smooth  costoe  with 
Ehrenberg's  description  and  figure  of  N. 
Onthro,  but  also  better  in  shape  than 
does  Greville's  N.  Crabro,  in  which  the 
constricted  portion  is  less  elongated — a 
fact  pointed  out  by  GreviUe  himself. 

N.  Crabro  (E.,  K.). —  Panduriform, 
deeply  constricted ;  lobes  ovate  or  ob- 
long, with  subacute  apices ;  striae  di- 
stinct, obsciu-ely  moniliform,  nitescent, 
10  in  -001".  KA.  p.  83  ? ;  SBD.  ii.  p.  94  ; 
MJ.  V.  pi.  3.  f.  11.  =  Pinniilaria  Crabro, 
ERBA.  1844,  p.  85  ? ;  Diploneis  Crabro, 
EM.  pi.  19.  f.  29  ?  Fossil,  iEgina;  re- 
cent,America,  Em-ope.  Although  we  defer 
to  the  opinions  of  Brebisson,  Smith,  and 
Greville,  yet  we  think  it  highly  probable 
that  the  preceding  species  is  the  one 
intended  by  Ehrenberg  for  D.  Crahro. 

N.  gemmata  (Grev.).— Broad  linear- 
oblong,  obtuse,  with  straight  or  slightly 
concave  sides ;  strise  moniliform,  inter- 
rupted, 10  in  -OOl",  with  a  single  row  of 
pimcta  near  the  median  line.  Edin. 
New  Phil.  Jom-n.  n.s.  x.  pi.  4.  f.  7.  Oali- 
fornian  guano.  Distinguished  by  its 
distant  striae,  which  form  a  linear  mar- 
ginal band.  Its  affinity  is  vnth  N.  Crabro 
and  its  allies. 

N.  nodulosa  (Br6b.,  K.).— Minute,  ob- 
long, constricted  at  the  middle;  ends 
conti-acted  into  obtuse  mammiform 
beaks  ;  ti-ansverse  striae  not  reaching  the 
median  line.  KB.  p.  101,  pi.  28.  f.  71.= 
Pinnidaria  Ternies,  EM.  pi.  39.  f.  100. 
Recent,  Cuba,  Mexico,  Africa;  fossil, 
Franzensbad. 

N.  qemina  (E.).  —  Small,  striated, 
divided  by  a  median  constriction  in  both 
views  into  two  lenticular  lobes;  in  lateral 
view  terminated  by  a  median  apiculus. 
EB  1840,  p.  19.  Mouth  of  the  River 
Elbe.    1-840"  to  1-648". 

N.  Apis  (E.,  K.).—  Oblong,  so  much 
constricted  as  to  be  nearly  divided  into 
two  semiorbicular  lobes;  striae  slender, 
gramdate  ;  stricture  smooth.  103.  p.  100, 
pi  28.  f.  76.  =Pinnularia  Ains,  EA.  iii. 
pi  7  '  f "  18.  Mexico,  Afi-ica.  Distin- 
guished'by  its  smooth  stricture  and  its 
Inely  granulate  striae  (12  m  1-1200'  ). 

N.  interrupta  (K.)-  -  Smuato-con- 
stricted  at  the  middle,  mth  broadly  ellip- 
tic lobes  and  rounded  ends  ;  stnao  inter- 
rupted opposite  the  nodule.  I03.  p.  iUU, 
pi  29.  f.  93.  =  Navicula,  BAJ.  1842, 
pl.2.  f.  18.    Marine.  America,  J  utlana, 


B.  Valves  divided  into  three  or  more  por- 
tions by  two  or  four  constrictions,  but 
not  constricted  at  the  centre  (Nodosae). 

N.  SiUcida  (E.).  —  Smooth,  linear 
elongated,  divided  by  two  constrictions 
into  three  nearly  equal  nodes;  apices 
.  obtuse.  EM.  '  numerous  figm*es.  =  N. 
ventricosa,  E.  Apparently  common,  since 
Ehrenberg  gives  upwards  of  fifty  habi- 
tats in  Em-ope,  Asia,  Australia,  Africa, 
and  America.  This  species  might  be 
placed  with  almost  equal  propriety  in 
the  following  section. 

N.  polyonca  (Br6b.).  — Elongated,  ba- 
cillar,  sublinear,  divided  by  two  con- 
strictions into  three  nodes,  the  middle 
one  largest ;  ends  roundish-capitate  ; 
striae  wanting  or  indistinct.  KA.  p.  85. 
=  Pinnularia  undtdata,  MJ.  ii.  p.  97,  pi. 
4.  f.  10.    France,  Britain. 

N.  mtchcoclcii  (E.). —  Smooth,  linear- 
oblong,  each  margin  with  three  undula- 
tions; apices  suddeiily  cuneate,  sub- 
acute. EM.  pi.  5.  3.  f.  11.  America, 
(vn.  62.) 

N.  Umosa  (K.).— Smooth  or  obscurely 
striated,  linear,  with  two  consti-ictions 
and  three  inflations,  the  middle  one 
largest;  ends  cuneate,  subacute.  KB. 
pi.  3.  f.  50.  Germany. 

N.  nodosa  (E.). — Linear,  smooth  or  ob- 
sciu-ely  striated,  with  three  nearly  equal 
inflations;  ends  contracted  into  short  ob- 
tuse beaks.  KB.  p.  100,  pi.  28.  f.  82.  Com- 
mon, especially  in  small  pools  by  the  road- 
side, (ix.  143.)  13,  striae  more  evident.  = 
Pinnidaria  Legumen,  EM.  many  figm-es. 
1-430".    Approaches  N.  Sitchcockii. 

N.  trinodis  (S.). — Valves  with  two  con- 
strictions, three  nearly  equal_  inflations, 
rounded  ends,  and  obscm-e  striae. 

N.  mesolepta  (E.).— Smooth, elongated, 
linear,  with  three  inflations,  the  middle 
one  smallest;  ends  sti-ongly  contracted 
into  short  obtuse  beaks.  EM.  pi.  17. 
2.  f.  17.    America,  France.  1-420". 

N.  7iivalis  (E.).— I>Iinute ;  linear,  some- 
what narrow  in  the  middle,  with  tri- 
crenate  sides  and  obtuse  apices.  EB. 
1853,  p.  528 ;  EM.  pi.  35  b.  a  2.  f.  5. 
Monte  Rosa.  Diflers  from  N.  mdosa  in 
its  stouter  apices :  N.  7iodosa  is  lai-ger  and 
more  slender.  Ehrenberg's  figure  shows 
the  valves  verv  minute,  with  foiir  con- 
strictions and  five  nodules,  including  the 
capitate  ends,  which  nearly  resemble  the 
others  in  size  and  form. 

N.  Formica  (E.).  —  Smooth,  linear, 
with  foiu-  constrictions  and  five  oblong 
nodes.  EM.  pi.  4.  3.  f.  8.  Recent,  Hmted 
States;  fossil,  Finland. 
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N.  Monile  (E.,  K.). —  Striated,  linear, 
constricted,  ^vitll  five,  nearly  equal  sub- 
globose  nodes,  including  the  capitate 
ends.  =: Pinnularia  Monile,  EM.  pi.  17.  1. 
f.  12 ;  Pinnularia  isocephala,  EM.  pi.  5. 
8.  f.  21.  Berlin,  America.  It  has  the 
ends  more  capitate  and  the  strioe  stronger 
than  N.  nodosa. 

N.  Kochii  (E.,  K.). — Large,  elongated, 
lanceolate,  with  subacute  apices,  each 
side  with  three  imdiilations,  the  middle 
one  most  distinct ;  stiia3  oblique  ;  the 
median  smooth  band  vei7  broad,  extend- 
ing to  the  apices.  KA.  p.  8'k.=  Pinnu- 
laria Kochii,  E13.  1845,  p.  364.  FossU. 
Kiu'distan. 

N.  Pyrenaica  (S.). — Elongated,  slen- 
der linear,  with  three  iniiations,  the 
median  one  greatest ;  strife  indistinct. 
AJSTH.  1857,  xix.  p.  8,  pi.  2.  f.  5.  Pyre- 
nees. 

N.  undosa  (E.).  —  Small,  smooth, 
broadly  oblong-lanceolate,  with  three 
undidations  on  each  side,  and  conical 
apices.  EM.  pi.  39.  3.  f.  90.  America, 
Africa,  Asia,  France.  Ehi-enberg  de- 
scribes it  as  aldn  to  N.  Hitchcockii. 
Rabenhorst  remarks  that  it  resembles  N. 
Persica  in  foi-m,  but  is  scarcely  one-thii'd 
its  size  and  has  no  secondaiy  undulating 
ribs. 

N.  Persica  (Hab.).  —  Large,  oUong- 
lanceolate,  with  obtuse  mammiform 
apices ;  each  side  with  five  imdulations, 
and  four  coiTesponding  longitudinal  im- 
didated  lines  on  each  side  the  median 
one.  Eab  D.  p.  41,  pi.  6.  f.  55.  South 
Persia,  Broadest  at  the  centre,  and 
tapering  in  a  pyramidal  manner  to  each 
apex. 

_N.  Integra  (S.).  —  Small,  lanceolate, 
with  slightly  undulated  margins  and 
contracted  apicidate  apices;  strife  in- 
distinct, 36  ia  -001",  reaching  the  median 
line  and  most  evident  opposite  the  cen- 
tral nodule.  =  Pm?iMZ«rta  integra,  SD.  ii. 

696  ;  N.  rostrata,  MJ.  iv.  pi.  1.  f.  14. 
ritain. 

N.  undulata.  =  Pinnidaria  mesotyla, 
EM.  pi.  16.  3.  f.  27.  Sweden,  India. 
Ehrenberg's  figure  somewhat  resembles 
that  of  N.  undosa  in  fonn,  but  is  longer 
and  has  parallel  transverse  strise. 

C.  Valves  elongated  linear  or  lanceolate, 
with  gibbous  or  injlated  centre ;  central 
costes,  lohcn  present,  usually  converging, 
and  often  leading  a  dilated  smooth  qoace 
round  the  median  nodule. 

N.  mesotyla  (E.).— Small,  smooth  or 
indistinctly  sti-iated,  nan-owly  linear, 
with  a  central  spherical  inflation  and 


slightly  contracted  obtuse  apices.  EA. 
p.  131,  pi.  4.  2.  f.  7. ;  EM.  pi.  1.  3.  f.  14. 
Asia,  Africa,  America.  1-420". 

N.  inconspicua  (Greg.). — Small,smooth, 
hyaline,  linear,  with  rounded  ends  and 
slightly  gibbous  centre;  median  line 
strong,  complex,  interrupted  by  the  de- 
finite central  nodule.  GD.  p.  6,  pi.  1.  f, 
3.  Scotland. 

N.  IcBvissima  (K.). — ^IMinute,  vitreous, 
clear,  linear,  with  broadly  rounded  ends 
and  slightly  gibbous  centi-e ;  strifB  want- 
ing or  indistinct ;  centi'al  nodide  stauros- 
like._  KB.  p.  96,  pi.  21.  f.  14.  =  Stau- 
rojieis  7-ectangidaris,  MJ.  ii.  pi.  4.  f.  17 
(according  to  Smith).  Fossil,  Santa 
Fiore ;  recent,  Britain.  1-570". 

N.  tumidula  (Rab.).  —  Small,  lineal', 
with  roimded,  slightly  enlarged  ends,  and 
inflated  centre ;  central  nodule  stout. 
RabD.  p.  41,  pi.  5.  f.  9.  Stockholm. 
Closely  allied  to  N.  Silicula. 

N.  scopulorum  (Breb.).  —  Elongated, 
slender  linear,  with  central  and  terminal 
inflations  ;  strife  very  faint,  reaching  the 
median  line,  56  in  '001".  KA.  p.  81.  = 
N.  mesotyla,  KB.  p.  99,  pi.  5.  f.  3 ;  Pin- 
nidaria Johnsonii,  SD.  i.  pi.  19.  f.  179. 
In  marine  or  brackish  waters.  Fi-ance, 
Britain.  Front  view  turgid  at  the  middle. 
M.  de  Br6bisson  assm-es  us  that  Smith's 
species  is  identical  with  his  N.  scojni- 
lorum ;  but  Kiitzing's  figm'e  and  descrip- 
tion woidd  not  lead  us  to  infer  the 
identity. 

N.  gibber ula  (K.). — Linear,  with  gib- 
bous centi'e  and  veiy  slightly  enlarged, 
obtuse,  subtruncate  apices ;  strife  very 
fine.  KB.  p.  101,  pi.  3.  f.  50*.  Em-ope. 

N.  leptogongyla  (E.).  —  Elongated, 
slender  liaear,  striated,  tumid  in  the 
middle ;  apices  slightly  dilated,  oblong, 
obtuse.  Ip3.  p.  99,  pi.  4.  f.  9 ;  EA.  p. 
130.  =  Pinnularia  leptogongyla,  EM. 
many  flgui-es.  Em-ope,  America.  Lough 
Mom-ne  deposit.  Rabenhorst  says  that 
this  species  has  double  the  breadth  of 
N.  scopulorum. 

N.  mesogongyla  (E.,  K.).  —  Styliform 
or  bacillar,  striated,  with  gibbous  middle, 
and  broadly  rounded  but  not  dilated 
ends.  KA.  p.  81.  =  Pinnidaria  meso- 
gongyla, EM.  pi.  10.  2.  f.  2.  Asia,  Africa, 
America.  Akin  to  N.  nohilis,  but  with- 
out dilated  ends. 

N.  nobilis  (E.,  K.). — Very  large,  elon- 
gated, broadly  linear,  gradually  dilated 
at  centre,  and  broadly  rounded  ends ; 
costoo  oblique,  stout,  close,  not  reaching 
the  median  line.  KA.  p.  80.  =  Pin- 
vnlaria  nobilis,  EB.  1840,  p.  20  ;  SD.  i. 
pi.  17.  f.  161.    Europe,  America,  Asia, 
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Australia.    1-84" ;  nodules  large ;  costfe 
16  to  18  in  1-1200". 

N.  gigas  (E.,  K.).— Very  large,  elon- 
gated"; broadly  linear,  with  gibbous  centre, 
and  broadly  rounded,  slightly  attenuated 
ends ;  costae  broad,  plose,  not  reaching 
the  median  line.  ICA.p.  80.  =Pin7iularia 
gigas,  EM.  pi.  2.  3.  f.  1.  America.  Akin 
to  N.  nobilis;  nine  pinnules  in  1-1200". 

N.  major  (K.). — Large,  turgid,  linear- 
oblong,  yvith  slightly  timiid  centre  and 
broadly  roxmded  ends;  costse  converg- 
ing at  the  centre,  stout,  12  in  1-1200". 
KB.  p.  97,  pi.  4.  f.  19,  20.=  Pinnularia 
major,  SD.  pi.  18.  f.  161;  Pinnularia 
viridis,  E.,  in  part.  Common,  (vii.  65 ; 
xn.  15,  31;  xvi.  1-6.)  This  species 
scarcely  diSers  from  N.  nobilis  and  JV. 
gigas,  except  by  its  somewhat  smaller 
size  and  closer  pinnules. 

N.  acrosphceria  (K.).  —  Elongated, 
slender  linear,  with  dilated  centre  and 
ends,  rounded  apices,  and  seventeen  short 
thick  costte  in  1-1200",  which  do  not 
reach  the  median  line.  KB.  p.  97,  pi.  5. 
f.  2.  —  Pinnularia  acrosphieria,  Kab  D. 

45,  pi.  6.  f.  36;  SD.  pi.  19.  f.  183. 
Europe.    Eront  view  narrow-linear. 

^.pachyptera  (E.,  K.).— Large,  bacil- 
lar,  but  short  and  stout,  with  gibbous 
centi'e  and  broadly  rounded  ends,  which 
are  not  constricted ;  pinnules  stout,  not 
reaching  the  median  line,  6  in  1-1200". 
KB.  p.  98,  pi.  28.  f.  58.  =  Pinnularia 
pachyptera,  E.    Labrador,  Australia. 

N!  hebes  (Ralfs).— Small,  oblong,  with 
gibbous  centre  and  broadly  obtuse  ends ; 
stii«  distinct,  33  in  -001",'  nearly  reach- 
ing the  median  line.=iV:  oUusa,  SD.  i. 
p.  50,  pi.  16.  f.  140.  Britain. 

N.  cocconeiformis  (Greg.).  —  Small, 
subelliptic,  with  tumid  centre  and  slightly 
contracted,  broad,  obtuse  ends  ;  stiise  in- 
distinct, median  line  straight,  nodule 
definite.  MJ.  iv.  p.  6,  pi.  1.  f.  32; 
Grev.  ANH.  2nd  series,  xv.  pi.  9.  f.  6. 
Scotland.  It  much  resembles  Achnanthi- 
dium  Jlexellum,  but  its  median  line  is 
quite  straight,  Greg. 

N.  3£acula  (G.).— Small,  oblong,  with 
tumid  middle,  and  very  broad,  subtrun- 
cate  ends ;  strife  very  fine,  parallel,  nearly 
reaching  the  median  line,  except  opposite 
the  laro-e,  transverse,  quadrate  indefinite 
median  space.  TM.  iv.  p.  43,  pi  5  f.  9. 
Marine.  Britain.  Stnaj  about  iO  in 
•001".  In  shape  not  unlike  large  speci- 
mens oiAclmanthidiumJlexenum,  but  the 
median  line  is  straight.  The  central 
nodule  is  obsolete  and  is  replaced  by  the 
larffe,  stain-like  blanlf  space,  Greg._ 
^i!gibba  (E.,  K.).— Bacillar,  striated, 


lanceolate,  with  dilated  capitate  ends. 
KB.  p.  98,  pi.  28.  f.  70.  =  Pinnularia 
gibha,  EA.  pi.  1.  2.  f.  3;  SD.  pi.  19.  f. 
180.  Common.  Europe,  Asia,  Africa, 
America.  Striae  close,  not  reaching  the 
median  line,  .30  in  -OOl". 

N.  Tabcllaria  (E.,  K.).— Bacillar,  elon- 
gated, striated,  rather  turgid,  ventricose 
at  the  middle,  with  dilated,  broadly 
rounded  apices.  KB.  p.  98,  pi.  28.  f.  79. 
=  Pinmdaria  Tabellaria,  EA.  pi.  2.  1. 
f.  26  ;  SD.  i.  pi.  19.  f.  181.  Em-ope,  Asia, 
Africa,  America,  (xii.  21.)  The  centi-al 
dilatation  tapers  less  than  in  N.  gibba, 
and  the  striae  are  more  distant.  It  is 
more  slender  than  N.  nobilis. 

N.  porrecta  (E.,  K.).  — Large,  elon- 
gate-lanceolate, broadly  tumid  at  the 
middle,  and  gradually  tapering  into  the 
broadly  obtuse  apices;  sti-ias  oblique. 
KA.  p.  81.  =  Pinnidaria  ijorrerta,  EA. 
p.  133.  North  America.  Akin  to  N. 
decurrens. 

N.  deatrrens  (E.,  K.).—  Striated,  nar- 
row, elongate-lanceolate,  tumid  at  the 
centre,  somewhat  nai-rowing  towards  the 
ends,  which  are  broadly  rounded.  KA. 
p.  81.  =  Pinmdaria  deciirrem,  EjM.  many 
figures.  /3  slenderer,  =  PMJ««</a''2a  Tra- 
bectda,E.  y,  strife  obsolete,  =  Navimla 
Tr-abecula,  E.  Ehrenberg  gives  upwai-ds 
of  80  habitats.    Akin  to  N.  gibba. 

N.  Hsox  (E.,  K.).—Lai-ge,  elongated, 
striated,  narrow-lanceolate,  with  slightly 
gibbous  centi-eand  attenuated  but  obtuse 
ends ;  striae  parallel,  nearly  reaching  the 
median  line.  KB.  p.  94,  pi.  28.  £  5-3.  = 
Pinmdaria  Esox,  EA.  p.  133,  pi.  1. 2.  f.  4. 
Chili.  (XII.  43.) 


D.  Valves  with  a  smooth,  transverse 
middle  fascia. 

N.  cardinalis  (E.).  —  Large,  broadly 
linear,  with  rounded  ends  ;  costie  stout, 
radiant,  9  in  -001",  interrupted  by  a 
smooth,  ti-ansverse  median  band.  =  P(H- 
nularia  cardinalis,  SD.  i.  pi.  19.  f.  166 ; 
Skmroptera  cardinalis,  EM.  several  fa- 
crures ;  Stauroneis  cardinalis,  KB.  p.  lOb, 
pi  29  f.  10.  Europe,  Asia,  Austi-aha, 
Atrica,  America,  (xn.  72.)  A  well- 
marked  species,  easily  recognized  by  its 
laro-e  size,  rounded  not  attenuated  ends, 
and  coarse  strice,  which  are  shorter  near 
the  transverse  median  fascia.  Perhaps 
this  and  other  species  having  a  traus- 
verse  smooth  median  fascia  might  ad- 
vantageously be  retained  in  Stam;oneis, 
notwithstanding  that  the  fascia  is  not 
formed  by  a  thickened  prolongation  ot 
the  central  nodule. 

N.  dirergens  (S.).  —  Large,  oblong- 
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lanceolate,  somewhat  contracted  towards 
the  rounded  ends ;  costre  radiate  at  cen- 
tre, interrupted  by  a  sniootli  ti;ansvorso 
median  fascia,  11  in  •001".  =  Pi/Diidaria 
divergeiis,  SD.  i.  p.  67,  pi.  18.  f.  177. 
Britain.  The  costas  near  the  centi-al  uo- 
dide  are  shorter  and  radiant ;  the  others 
are  divergent. 

N.  Brebissonii  (K.).  —  Liueai'-oblong, 
with  obtuse  ends  ;  costas  fine,  indistinct, 
close,  30  in  '001",  not  reaching  the  me- 
dian line,  interrupted  by  a  transverse 
median  fascia.  KB.  p.  93,  pi.  3.  f.  49.  = 
Pinnularia  stauroneiformis,  SD.  i.  p.  57, 
pi.  19.  f.  178.  Europe.  Front  view 
linear,  with  roimded  angles. 

N.  glohicqjs  (Greg.). — Minute,  narrow 
linear-oblong,  constricted  beneath  the 
globular  ends;  cost£e  fine,  distinct,  not 
reaching  the  median  line,  interrupted  by 
a  transverse  median  bl.ank  band,  36  to 
40  in  ■Q01".  =  Pinnularia  glohiceps,  MJ. 
iv.  p.  10,  pi.  1.  f.  34.  Scotland.  Di- 
stinguished by  its  capitate  apices  and 
transverse  cross-like  median  band. 

N.  parva  (E.).  —  liinear,  constricted 
beneath  the  capitate  ends;  costse  24  in 
•001",  interrupted  at  the  middle  by  a 
transverse,  blank,  cross-like  band.  =  Stau- 
roptera  parva,  EA.  p.  135,  pi.  3. 1.  f.  19 ; 
Stauroneis parva,  KB.  p.  106,  pi.  29.  f.  23 ; 
Pinnularia  interntpta,  SBD.  i.  p.  69, 
pi.  19.  f.  184.  Europe,  Asia,  America. 
Transverse  band  dilated  outwards. 

N.  Bohemica,  EM.  pi.  10.  1.  f.  4. 
Bohemia.  Ehrenberg's  figm-e  is  rhom- 
boid, with  obtuse  apices,  three  median 
lines,  between  which  and  the  margins 
are  longitudinal  series  of  dots,  all  inter- 
rupted by  a  transverse  median  blank 
space,  but  no  distinct  nodide ;  fi'ont  view 
naiTow-line.ar,  with  rounded  ends. 

_N.  Claviculus  (Greg.). — NaiTow-linear, 
with  two  constrictions ;  central  inflation 
small,  smooth;  terminal  ones  oblong- 
elavate,  sti-iated;  strife  parallel,  nearly 
reaching  the  median  line,  about  32  in 
•001".  GD.  p.  6,  pi.  1.  f.  5.  Scotland. 
Nodide  definite  ;  fi-ont  view  linear,  with 
rounded  angles,  broader  than  the  lateral 
view,  the  margins  striated  except  at  the 
middle. 

E.  Friistuks  in  the  lateral  view  having  the 
atrial  oti  each  side  of  the  median  line 
divided  into  two  series  («  marr/inal  and 
a  median)  by  a  longitudinal  line,  blank 
q)ace,  or  fascia. 

t  Valves  elliptic. 

N.  Lgra  (E.).  —  Elliptic  or  elliptic- 
oblong,  marked  by  two  nari'ow  l()n<n- 


tudinal  blank  spaces,  whicli  are  con- 
nected hy  the  central  nodule,  in  the  form 
of  aljrre;  striae  22  to  24  in  •OOl",  often 
indistinct,  the  middle  ones  longest.  = 
Navicida  and  Pinnularia  Lyra,  E.,  GD. 

SI.  13,  pi.  1.  f.  13 ;  N.  Greqorianu,  Grev, 
IJ.  V.  p.  10,  pi.  3.  f.  7.  Ma!rinc.  Europe, 
Asia,  Africa, America.  N.  Lyra,  var.  recta, 
Grev.,  large,  oblong-lanceolate  obtuse ; 
blank  lines  narrow,  contracted  at  the  no- 
dule, otherwise  parallel  with  the  median 
line ;  striae  24  in  -001" :  Edin.  New  Phil. 
Jour.,  n.s.,  X.  pi.  4.  f.  3:  Califomian 
guano :  distinguished  by  its  large  size 
and  sti-aight  blank  lines.  Either  N.  Lyra 
is  very  variable,  or  more  than  one  species 
has  been  included  imder  the  name.  The 
valve  is  either  rounded  at  the  ends  or 
(more  usually)  has  a  short,  produced, 
conical  _  point.  The  blank  spaces  are 
linear,  inclined  inwards  at  the  nodule, 
and  the  tips,  which  are  attenuated,  usu- 
ally bent  outwards,  but  are  sometimes 
straight  or  even  incurved. 

N.  approximata  (Grev.).  —  Oblong, 
with  produced,  conic  apices ;  strife  inter- 
rupted, 17  in  -001" ;  outer  band  broad,  not 
dilated  opposite  the  nodule  ;  blank  lines 
linear,  nearly  sti-aight.  Grev.  Ediu.  New 
Phil.  J om-.,  U.S.,  X.  pi.  4.  f.  10.  Californian 
guano.  Allied  to  N.  Lyra,  but  distin- 
guished by  the  total  absence  of  any  con- 
traction of  the  blank  spaces  opposite  the 
nodule.  From  N.  Hennedyi  it  difi:ers  in 
its  linear,  subparallel  blank  spaces,  and 
larger  blank  space  round  the  nodule. 

N.  irrorata  (Grev.).— Broad,  parallelo- 
gi-amic  or  oblong,  suddenly  contracted 
at  the  ends  into  mammiform  apices; 
strioB  16  in  -001",  forming  a  broad-linear 
marginal  band,  and  a  naiTow  one  of  very 
miequal  breadth  next  the  median  line"; 
blank  spaces  not  reaching  the  ends. 
Grev.  I.  c.  f.  1.    Californian  guano. 

N.  forcipata  (Grev.).— Oval  or  oblong, 
with  roimded  apices,  and  marked  by  two 
naiTow  longitudinal  blank  spaces,  which 
diverge  from  the  nodule  m  a  curved 
manner  and  converge  at  the  apices; 
strife  35  in  -001",  the  middle  ones  lojigest. 
MJ.  vii.  pi.  6.  f.  10, 11.  Marino.  Britain. 
Distmguished  from  N.  Lyra  by  its 
smaller  size,  closer  strife,  aiid  coniiivent 
points  of  the  blanlc  spaces. 

N.  nummularia  (Grev.).  —  Suborbi- 
culnr;  strife  moniliform,  about  24  in 
•001",  interrupted  by  two  narrow-linear 
blank  lines  which  contract  opposite  the 
nodule,  tlien  curve  outwards,  convei'ge, 
and  meet  at  tlio  terminal  uodides.  Grev. 
Edin.  New  Phil.  Jour,,  n.s.,  x.  pi.  4.  f  0. 
Californian  guano.    Valve  snuill :  strife 
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concentric  with  the  extromities.  The 
blank  spaces  have  a  considerable  resem- 
blance to  those  of  iV.  fordputa,  Grev. 

N.  spectabilis  (Greg.)— ^^^'^''^^ 
tic,  gradually  tapering  to  the  obtuse 
apices  ;  blank  spaces  broadly  linear,  con- 
verging at  nodnle  and  ends ;  striae  22  in 
•001",  "coarsely  moniliform,  the  outer 
series  forming  a  broad  marginal  band 
much  dilated  opposite  the  nodule.  GD. 
p.  9,  pi.  1.  f.  10.    Mariae.  Scotland. 
Lai-ge  (inner)  bands  of  strife  linear. 
Distinguished  from  K  Lyra  by  broader 
blank  spaces  and  the  brown  colom-  of 
the  striated  portions ;  its  nodule  also  is 
indefinite. 

N.  suhorhicularis  (Greg.).  —  Small, 
broadly  oval  or  suborbicular ;  strife  con- 
spicuous, about  18  in  -001",  divided  by  a 
longitudinal  line  into  two  series,  outer 
one  broadest  opposite  the  indefinite  cen- 
tral nodule.  =  N.  Sinithii  suborhicularis. 
GD.  p.  15,  pi.  1.  f.  17.  Marine.  Scotland. 

N.  Cmperi  (Bailey).  —  Large,  oblong 
with  slightly  constricted  sides  and  con- 
tracted mammiform  apices ;  strise  punc- 
tate, divided  into  series  by  two  narrow 
long  itndinal  blank  bands  united  by  the 
transverse  nodule.  =  P«Mm(i«ria  Coupern, 
BMO.  p.  39,  pi.  2.  f.  3.    United  States. 
The  outline  is  like  that  of  N.  paradoxa ; 
and  the  marlnngs  somewhat  resemble 
those  of  N.  Lyra,  p.    Blank  spaces  con 
nivent  at  their  apices. 

N.  Sennedyi  (S.).  —  EUiptical,  with 
rounded  or  mammifoi-m  ends  ;  stiite  mo- 
niliform, divided  into  series  by  two  nar- 
row, hmate  longitudinal  blank  spaces, 
the  marginal  series  of  nearly  equal 
breadth  throughout.  SBD.  ii.  p.  9^: 
Greo-  MJ.  iv.  pi.  5.  f.  3.  =  Stauroncis  an- 
qidafa,  Johnston,  MJ.  viii.  p.  13.  Marine. 
Britain,  (vn.  69.)  Stiiaa  24  m  -001", 
not  perceptibly  longer  opposite  the  cen- 
tral nodule,  which  is  indefimite. 

N.  clavata  (Greg.).— Broadly  elliptical, 
with  apices '  produced  into  mammiform 
points;  striaj  moniliform,  divided  into 
series  by  two  arcuate  longitudinal  blank 
spaces  "bent  outwards  at  their  ends; 
mar'nnal  series  of  nearly  equal  breadth 
throiighout.  TM.  iv.  pi.  5.  f.  17.  Mai'ine. 
Scotland.  Strife  20  in  -001",  not  per- 
ceptibly longer  opposite  the  central  no- 
dule, which  is  indefinite. 


and  indistinct;  striated  portions  bluish 
under  a  low  power  ;  nodule  indefinite. 

N.  prcetexta  (E.).  —  Large,  elliptic 
with  broadly  roimded  ends;  strioe  di- 
stinctly moniliform,  8  to  10  in  -001", 
forming  a  marginal  border  of  nearly  uni- 
form breadth,  which  is  separated  from 
the  nai-row  median  band  by  a  large 
sparsely  granular  space  on  each  side. 
EB.  1840,  p.  20;  GD.  p.  9,  pi.  1.  f.  11. 
=Pinnidaria  prcp.texta,  EM.  pi.  19.  f.  28. 
Marine,  Scotland ;  fossil,  Greece.  1-288". 
This  species  is  distinguished  by  its  large 
size,  coarse  striation,  much  rounded  ends, 
and  a  broad  semilunate  space  between 
the  marginal  and  inner  bands  of  strife, 
furnished  with  scattered  gi-anules. 

N.  Californica  (Grev.).  —  Broadly 
elliptic,  with  flattened  sides ;  sti-ise  mo- 
niliform, divided  into  naiTow  marginal 
and  median  bands  by  a  large,  semilu- 
nate, smooth  intermediate  .space  on  each 
side  the  median  Ime.  Grev.  Edin.  New 
Phil.  Jom-.,  n.s.,  x.  pi.  4.  f.  5.  Califomian 
and  S.  African  guanos.  Marginal  stna) 
20  in  -001".  Difl^rs  fi'om  N.  prcetexta  in 
having  the  sides  of  the  valve  flattened, 
and  the  broad  intei-mediate  space  be- 
tween the  margiaal  and  median  sti-ifB 
smooth. 

N. 2)olysticta  (Grev.).— Elliptical;  stnse 
moniliform,  forming  a  narrow  margmal 
band,  separated  fi-om  the  median  line  by 
an  irregularly  punctate,  lunate  inter- 
mediate space  ;  strias  25  in  -001".  Grey. 
I.  c.  f.  2.  Califomian  guano.  Valve  mi- 
nute. Differs  from  N.  prcetexta  in  its 
smaller  size  and  far  less  roimded  ends. 

N.  SmitUi  (Breb.).  —  Elliptic,  with 
roimded  apices;  sti-ifs  distinct,  21  in 
•001",  mterrupted  on  each  side  of  the 
median  line  by  a  lon^tudiual  line ;  the 
mner  series  narrow,  fainter. =i\''.  eUipttca, 
SD.  i.  p.  48,  pi.  17.  f.  152.  Marine. 
Europe.  The  outer  series  of  stnse  is 
broad,  but  not  dilated  opposite  the 
centi'fil  nodule. 

N.  fusca  (Greg.).  —  Lai-ge,  elliptw- 
oblong,  with  broadly  roimded  ends; 
sti-ia3  coarsely  monilifonn,  about  10  in 
•001",  divided  on  each  side  by  a  longi- 
tudmal  line  into  t^vo  series,  the  imier 
one  famter.  =  iV.  Smithii,  0  fmca,  LrV. 
p.  14,  pi.  1.  f.  15.  Marine.  Scotland. 
T^^:(r..,.',         AT  .(j.xiV/jiVin  ite  much  larffcr 


N  nchdosa  (Greg.).— Elliptic-oblonp-; 
blank  spaces  large,  semilunate ;  strire 
fine,  34  to  36  in  -001",  fornimg  a  nai-row 
mai^inal  baud  of  equal  breadth.  GD. 
n  8  pi.  1.  f.  8.  Marine.  Scotiand.  Inner 
tands  of  stiiffi,  very  narrow  Imeai',  close 
to  median  lino.    Aspect  of  valve  hazy 


Diff-ers  from  N.  Snuthiim  its  mucli  larger 
size  and  more  distant  strire.  ISodule 
indefinite ;  median  smooth  space  narrow 
lanceolate.  ^ 

N.  mtpsccns  (Greg.).— Small,  elliptic- 
lanceolate,  with  obtuse  apices;  strife 
obsciu-cly  moniliform,  about  IG  lu  'OUi  , 
converging  at  centre,  divided  on  cacli 
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side  by  a  longitudinal  line  into  two  series, 
reaching  the  median  line.  =  iV.  SniUhii, 
y  nik'scens,  GD.  p.  15,  pi.  1.  f.  16.  ISIa- 
riue.  Scotland.  Colom'less  mider  a  low 
jjower;  median  lino  linear,  nodule  de- 
huite.  Distinguished  from  iV.  Smithii  by 
its  smaller  size,  the  chai'acters  of  nodule 
and  median  line,  and  its  bright-white 
aspect. 

N.  quadrifasciata  (E.).  —  EUiptic-ob- 
long,  with  attenuated,  obtuse  ends ; 
sti'ife  20  in  1-1200",  divided  on  each  side 
of  the  median  line  into  two  linear  series. 
EB.  1840.  =  Pinniilaria  quadrifasciata, 
EM.  pi.  19.  f.  25-27;  N.  lineata,  Donkin, 
MT.  vi.  p.  32,  pi.  3.  f.  17  ?  Mai-ine.  Fossil, 
Greece ;  recent,  Britain.  1-430".  Series 
of  strite  separated  by  a  naiTow  blank  line. 

N.  elliptica  (K.). — Elliptic  or  linear- 
elliptic,  with  roimded  ends ;  striae  di- 
stinct, connivent,  27  in  -001",  divided 
into  two  series  on  each  side  the  median 
space  by  a  longitudinal  line.  =  N.  Par- 
mula,  KA..  p.  80 ;  N.  ovalis,  SD.  i.  p.  48, 
pi.  17.  f.  153.  Em'ope. 

N.  pt/gmcea  (K.). — Minute,  elliptic  or 
ohlong-elliptic,  with  rounded  ends,  hya- 
line, with  very  faint,  close  striae,  and  a 
pandurifonn  blank  median  space.  KA. 
^.  77. =N.  minuhda,  SD.  i.  p.  48,  pi.  31. 
f.  274.  In  brackish  or  fresh  water. 
France,  England.  Although  the  strise, 
which  are  very  indistinct,  are  not  inter- 
rupted, yet  the  peculiar  form  of  its  me- 
dian space  shows  that  its  proper  position 
is  in  this  group. 

N.  cBstiva  (Donkin).  —  Large,  narrow- 
elliptic,  with  rounded  ends ;  strife  fine, 
distinct,  costate  or  obscurely  monilifonn, 
reaching  nearly  to  the  median  line, 
crossed  on  either  side  near  their  inner 
ends  by  a  longitudinal  line.  TM.  vi. 
p.  32,  pi.  3.  f.  18.  Marine.  Northimi- 
berland.  This  beautifid  species  differs 
from  N.  Smithii  in  its  more  gracefully 
elliptical  figm-e,  in  its  costate  and  much 
finer  striae,  and  in  the  darker-brown 
colour  when  mounted  in  balsam.  The 
dry  valve  is  pale-brown.  Donkin. 

_N.  Allmaniana  (Greg.). — Small,  oval, 
with  subacute  apices ;  co.stfe  about  20  in 
•001",  somewhat  radiant,  nearly  reaching 
the  median  Ime,  divided  by  a  line  near 
to  and  concentric  with  the  margin.  = 
Pinnularia  Allmaniana,  GD.  p.  IG,  pi.  1. 
f.  21.  Marine.  Scotland.  The  marginal 
series  of  costte  narrow,  conspicuous, 
border-like ;  the  inner  one  fainter, 

2  t  Valves  linear,  with  dilated  centre 
and  ends. 

N.  Rahenhorstii  (Ralfs).  —  Elongated, 


slender,  gradually  dilated  at  centre  and 
broadly  rounded  ends;  striae  fine,  short, 
divided  on  each  side  the  median  Hue  by 
a  narrow,  blank,  longitudinal  line.  =  Pm- 
nularia  interrupta,  Kab  D.  p.  44,  pi.  6. 
f.  3.  Italy.  Divided  by  two  constric- 
tions into  three  oblong  portions;  the 
inteiTupting  line  imdidated  like  the 
niai'gins.  This  species  resembles  a  slen- 
der N.  nabilis  with  interrupted  stiiaa. 

F.  Valves  with  capitate  or  rostrate  apices. 
t  Valves  inflated  or  venti-icose. 

N.  Crux  (E.).  —  Cruciform,  with  di- 
verging costae,  which  do  not  reach  the 
median  line.  =  Pinntdaria  Crux,  EM. 
pi.  12.  f.  37.  Asia,  Cassel.  This  species 
has  the  lateral  view  like  a  Biblarium,  but 
with  median  line  and  nodule. 

N.  Trochus  (E.).  —  With  strongly  in- 
flated middle,  and  obtuse,  rostrate  ends, 
longitudinally  stiiated.  Einf.  p.  179, 
pi.  21.  f.  8.    Fossil.    Sweden.  1-860". 

N.  inflata  (K.). — Minute  ;  with  much 
inflated  centre,  and  short,  obtuse,  beak- 
like ends ;  sti-ias  wanting  or  indistinct. 
KB.  p.  99,  pi.  3.  f.  36=iV:  Follis,  EM. 
several  figures.  Fossil,  Sweden,  Santa 
Fiore ;  recent,  Eiu'ope. 

N.  amphishana  (Boiy).  —  Inflated, 
elliptic,  with  capitate  or  conic  apices; 
stiias  close,  delicate.  E  Inf.  p.  178,  pi.  13, 
f  7 ;  SD.  i.  p.  51,  pi.  17.  f.  147.  Common, 
Europe,  Asia,  Africa,  America.  {yrL.  72 ; 
IX.  141.)  1-1700"  to  1-240".  Median 
nodule  orbicidar.  The  Pinnularia  am- 
phisbcena,  EM.,  is  probably  a  state  of  this 
species  exhibiting  more  conspicuous 
striae. 

N.  Placenta  (E.). — Minute,  ventricose, 
roimdish-elliptic,  with  a  nipple-like  pro- 
jection at  each  apex.  EM.  pi.  33. 12. 
f.  23.  Oregon. 

N.  sphcsrophora  (K.). — Elliptic-lance- 
olate, sti-ongly  constricted  into  capitate 
or  conic  apices;  strite  wanting  or  in- 
distinct. KB.  p.  95,  pi.  4.  f.  17 ;  SD.  i. 
p.  52,  pi.  17.  f.  148.  Europe,  Asia.  Very 
similar  to  K  amphishana,  but  it  is  less 
inflated,  and  it  appears  destitute  of  striae. 
According  to  Rabenhorst,  it  dillers  also 
by  having  faint  longitudinal  lines. 
1-320", 

N,  brevis  (Greg.).  —  Small,  elliptic, 
contracted  into  short,  broad,  mammitorm 
ends ;  striae  fine,  about  35  in  -001", 
nearly  reaching  the  median  lino,  shorter 
opposite  tlie  indefinite  central  nodule. 
GD.  p.  6,  pi.  1.  f  4.  Scotland.  Professor 
Walfter  Arnott  is  probably  correct  iu 
uniting  this  to  N.  amphisbcrna. 
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SYSTEMATIC  HISTOBT  OF  THE  INFtTSOUIA. 


N.  tiimens  (S.)— luflatod,  elliptic,  with 
the  ends  suddenly  contracted  into  short, 
obtuse  beaks ;  sti-ito  indistinct,  36  in 
•001".  SD.  i.  p.  52,  pi.  17.  f.  150.  Brack- 
ish -water.  England. 

'N.pusilla  (S.).— Small,  inflated,  eRi^- 
tie,  suddenly  contracted  into  shoi-t,  conic 
beaks  ;  strise  distinct,  punctate,  radiant, 
2G  in  -OOl".  SD.  i.  p.  52,  pi.  17.  f.  52. 
=iV:  (jastroides,  Greg.  MJ.  iii.  p.  40,  pi.  4. 
f.  17.  Brackish  water  ?  Britain.  Prof. 
Gregory  distino'uished  his  N.  gastroidcs 
from  this  species  by  its  stouter  habit, 
larger  size,  and  having  a  brown  colour 
even  in  balsam ;  but  we  imite  them_  as 
Professor  Smith  has  done,  being  unwill- 
ing to  add  another  doubtful  species  to 
this  group,  which  we  believe  is  already 
too  numerous. 

N.  Ancjlica  (Palfs).— Minute,  elliptic, 
suddenly  constricted  beneath  the  round- 
ish capitate  ends;  striaa  very  distinct, 
pimctate,  radiate,  reaching  the  median 
line  24  in  -001".  =  N.  tumida,  SD.  i. 
p.  53,  pi.  17.  f.  146.  ^  ^ 

N.  Carassius  (E.).  — Small,  inflated, 
broadly  lanceolate,  with  the  ends  siid- 
denly  contracted  into  short,  conical 
bealcs ;  striae  wanting  or  indistinct.  EA. 
p.  130,  pi.  2.  2.  f.  11.  France,  America. 
Is  smaller  than  N.  ampliishcena. 

N.  capitata  (E.).  —  Minute,  with  in- 
flated centi'e,  and  short,  obtuse,  beak- 
lilce  ends ;  striae  diverging,  10  in  1-1200". 
E  Inf.  p.  179,  pi.  13.  f.  20.  =  Pimmlana 
capitata,  EM.  pi.  35  a.  1.  f.  4.  Europe, 
Asia,  Australia,  America.  1-1150"  to 
1-576".  .  , 

N.  Semen  (E.).  —  Small,  elliptic-ob- 
long,  slightly  conti-acted  into  the  broad, 
obtuse  ends ;  strias  obsolete  or  apparent. 
EA.  pi.  4.  2.  f.  8 ;  in  EM.  many  figures  ; 
SD.  i.  p.  50,  pi.  16.  f.  141.  /3,  strias  Ax- 
Btmci,  =  Finnidaria  Semen,  EM.  Em'ope, 
Asia,  Africa,  America. 

N.  cequalis  (E.,  K.).— Inflated,  elliptic- 
lanceolate,  suddenly  contracted  at  the 
ends  into  nipple-like  points ;  striae  fine. 


KSA.  p.  77.  =  Pimmlana  ccqnalis,  EA 
131 ;  EM.  many  figures.  Europe.  Lough 
Mom-ne  deposit,  Iceland. 

N.  diomphala  (E.).  —  Striated,  short, 
broadly  lanceolate,  suddenly  conti-acted 
into  obtuse  beaks;  median  nodule  trans- 
verse, divided  by  a  longitudinal  Une  nito 
two  prts.    EA.  p.  132,  pi.  3.  7.  f.  25. 

America.  „  ^  n    i.  •  j.  j 

N.  Gastnm  (E.,  K.).— Small,  .striated, 
inflated,  elliptic,  contracted  at  the  ends 
into  short  conical  beaks;  strire  radiant. 
ICB.  p.  94,  pi.  28.  f.  56.  =  Pinnuhma 
Gastmm,   EM.   several  figures:  Pm- 


nidaria  Placentida,  EM.  several  figures. 
Asia,  Afi'ica,  America. 

N.  hirodrata  (Greg.).  —  Ventiicose, 
elliptic-oblong,  with  shortly  rostrate 
apices ;  striaa  fine,  close,  radiant,  reaching 
nearly  to  the  median  line.  M  J.  iii.  p.  40, 
pi.  4.  f.  5.  Scotland. 

N.  tecniata  (E.).  —  Small,  inflated, 
elliptic,  suddenly  contracted  into  minute, 
rounded,  conical  beaks ;  pinnules  strong, 
forming  a  narrow  marginal  border.  = 
Pinntdaria  tceniata,  EM.  pi.  39.  £  95. 
The  pinmdes  separated  from  the  median 
line  by  a  broad  blank  space.  Perhaps  a 
Mastogloia.  (xv.  15.) 

N.  biceps  (E.).  —  Small,  tiu-gid,  lance- 
olate, slightly  constricted  into  obtuse, 
conical  apices;  sti-iaa  wanting  or  indi- 
stinct. EA.  p.  130 ;  EM.  many  figiu-es. 
Em-ope,  Africa,  America.  Rather  more 
slender  than  N.  ami)liisha;na. 

N.  crassula  (Niigeli).  —  Smooth,  ellip- 
tic, with  capitate  apices ;  front  "sdew 
loroadly  linear,  ti-uncate.  1-720".  KSA. 
p.  890.  Switzerland. 

N.  scidpta,  EM.  pi.  10.  1.  f.  5.  Bohe- 
mia, Asia,  America.  Venti-icose,  sud- 
denly tapering  into  short,  broad,  obtuse 
beaks,  the  median  line  iutemipted  by 
the  indefinite  nodule,  which  extends  on 
one  side  in  a  semicrucial  smooth  band ; 
the  rest  of  the  smface  gi-anidated.  Front 
view  linear,  with  rounded  angles  and 
gibbous  sides. 

N.  sifjnata  (E.).  —  Minute,  mflated, 
prolonged  into  nan-ow  beaks;  striae 
radiant,  reaching  the  median  line,  the 
six  central  ones  sti-onger.  =  Pinnulana 
siqnata,  EM.  pi.  34.  6  a.  f.  7.  Florida. 

'  N.  Postellum  (S.).— Small,  ventncpse, 
oval,  with  the  apices  produced  into  point- 
like  bealcs ;  striae  indistinct,  80  in  -001". 
SBD.  ii.  p.  93=iV;  apicidata,  Greg.  MJ. 
iv.  pi.  1.  f.  13.  Britain. 

2  t  Valves  lanceolate. 
N.  Crassinervia  (B.). —Minute,  lance- 
olate, with  shortly  rostrate  apices;  striae 
wanting  or  indistinct.  SD.  i.  p.  47,  pi.  31. 
f.  271.    Fi-ance,  Britain. 

N.  rh7/ncJioccpJiala  (K.).  —  blender, 
lanceolate,  with  longly  rosti-ate  apices  ; 
sti-ifB  wanting  or  obscure.  KB.  p. 
pi.  30.  f.  35;  SBD.  p.  47,  pi.  16.  f.  132. 
Em-ope.  Is  longer  and  more  slender  than 
K  cryptocqMa,  with  more  produced 
apices,    (vn.  68.) 

N.  leptovhinchus(R.).—^m^\\  smooth, 
linear-lanceolate,  with  straight,  subacute, 
longly  rostrate  apices.     EA.  p. 
Mexico.     Alrin  to  N.  dirlnpichm,  but 


with  longer  beaks. 
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N.  Icptocephalu  (Rab.). — Small,  lanco- 
olato,  with  elougatecl,  slender,  obtuse, 
somewhat  clavate  beaks  ;  striiB  wanting- 
or  indistinct.  Rab  D.  p.  39,  pi.  6.  f.  GO. 
Europe. 

N.  ext'lis  (K.), — Very  minute,  smooth, 
lanceolate,  with  produced,  obtuse  apices. 
KB.  p.  95,  pi.  4.  f.  6.  Germany. 

N.  rostrnta  (E.).  —  Finely  punctated, 
broadly  lanceolate,  almost  rhomboid, 
rapidly  tapering  into  acute  beaks ;  cen- 
tral nodule  large.  EB.  1840,  p.  18  ;  KB. 
p.  94,  pi.  3.  f.  45,  Fossil.  Santa  Fiore. 
1-216".  Fi'ont  view  lineai';  with  trim- 
cate  apices. 

N.  Uharontis  (E.). — Elongated,  smooth, 
oblong-lanceolate,  with  the  ends  con- 
tracted into  conic  beaks.  EB.  1845, 
p.  239 ;  EM.  pi.  35.  bb.  f.  12.  Fom-  times 
as  long  as  broad. 

N.  Otrantina  (Rab.).  —  Oblong-lance- 
olate, with  roimded,  slightly  contracted 
ends.    Rab  U.  p.  44,  pi.  6.  f.  42. 

N.  dirhi/nchus  (E.). — Small,  naiTow- 
lanceolate,  with  conic,  rostrate  apices ; 
stiioe  wanting  or  iudistiuct.  EA.  p.  130, 
pi.  3.  1.  f.  11.    Falaise,  Mexico. 

N.  Garganica  (Rab.).  —  Minute,  lan- 
ceolate, suddenly  contracted  iato  short, 
thick,  obtuse  apices ;  striiB  distinct,  ob- 
lique, reaching  the  median  line,  six  near 
the  central  nodule  stouter  than  the  rest. 
=Pinnularia  Garganica,  RabD.  p.  44, 
pi.  6.  f.  41.  Italy. 

N.  amphiceros  (K.). — Minute,  broadly 
lanceolate,  with  produced,  rosti'ate  apices, 
and  fine  strife.  KB.  p.  95,  pi.  3.  f.  39. 
Gennany,  Asia. 

N.stelligera  (E.,  K.). — Rhomboid-lan- 
ceolate, with  the  apices  suddenly  atte- 
nuated into  obtuse  beaks ;  the  very  fine 
punctated  pinnules  distinctly  radiatino' 
irom  the  orbicular,  smooth  umbilical 
space.  liA.  p.  70.  =Pinmilaria  stelUqera, 
EB.  1845,  p.  364.    Marine.  India." 

N.  Petersii  (E.,  K.) — Dilated,  large  at 
each  end,  suddenly  attenuated  into  a  very 
short  beak ;  median  line  double,  with  a 
naiTow,  longitudmal  umbUical  space ; 
pinnides  veiy  fine.  liA.  p.  70.=lHmm- 
laria  Petersii,  EB.  1845,  p.  364.  Mouth 
of  the  river  Tagus. 

N.  guttulifera  (Rab.). — ^Minute,  slen- 
der, acicular,  with  a  glass-like  globe  at 
each  apex.  RI).  p.  40,  pi.  G.  f.  74.  South 
Persia. 

N.  i)achycephalu  (Rab.).  —  Minute, 
slender-lanceolate,  constricted  beneath 
the  capitate  apices;  stiite  converging; 
central  nodule  stout,  terminal  ones  ob- 
solete. =  Pinindaria  pachucmhala,  RD. 
p.  43,  pi.  0.  f.  40.  Italy. 


N.  cincta.  =  Pinnularia  cinda,  EM. 
pi.  10.  2.  f.  6.  Bohemia.  This  species 
is  figured  as  minute,  lanceolate,  with 
obtuse  apices ;  strias  oblique,  those  oppo- 
site the  central  nodule  radiant  and  stouter 
than  the  others. 

N.  Gregorii  (Ralls).  —  Small,  narrow 
linear-lanceolate,  contracted  at  the  ends 
into  minute  beaks ;  stria3  distant,  parallel, 
scarcely  reaching  the  median  line.  = 
Pinnularia  apticulata,  Greg.  MJ.  iii.  p.  41, 
pi.  4.  f.  21.'  Scotland. 

N.  angustata  (S.).  —  Miuute,  narrow- 
lanceolate,  constricted  beneath  the  capi- 
tate apices ;  striae  indistinct,  45  in  -001". 
SD.  i.  p.  52,  pi.  17.  f .  156.  =  N.  diccphala  i3, 
liA.  p.  76?  Britain,  Falaise.  Front 
view  narrow-linear. 

N.  cryptocephala  (K.). — Very  minute, 
lanceolate,  with  globose,  capitate  apices ; 
striiB  wanting  or  indistinct.  KB.  p.  95, 
pi.  3.  f.  20.  Em-ope. 

N,  Veneta  (K.).  —  Very  minute,  lan- 
ceolate, rather  broad,  with  produced, 
slightly  obtuse  apices;  strios  wanting 
or  indistinct.  KB.  p.  95,  pi.  30.  f.  76. 
BracMsh  water,  Venice.  Resembles  N. 
crgptocephala,  but  is  shorter  and  broadei-. 

N.  Fusidium  (E.).  —  Narrow-lanceo- 
late, distinctly  but  slightly  constricted 
beneath  the  capitate  apices.  EM.  pi.  5.  3, 
f.  4.    America,  Asia. 

N.  leptostylus  (E.).  —  Lateral  view 
tm'gid-lanceolate,  suddenly  tapering  into 
short  beaks  with  capitate  apices.  =  iV. 
Platalea,  EM.  pi.  15  a.  f.  42. 

N.  ampldrrhina  (E.)  =  Pinnularia  am- 
phirrhina,  EM.  pi.  15  a.  f.  20.  Lough 
Mom-ne  deposit,  Japan,  America.  Ehr- 
enberg  figures  this  species  as  inflated- 
lanceolate,  rapidly  tapering  into  subacute 
beaks;  striae  parallel. 

N.  ampliirhynchus  (E.).  —  SmaU;  tm'- 
gid-lanceolate, suddenly  constricted  at 
the  ends  into  short,  subcapitate  beaks; 
striae  indistinct  or  wanting.  EA.  pi.  3. 1. 
f.  10 ;  KA.  p.  76.  Em-ope,  Asia,  Aus- 
tralia, Africa,  America,  (xu.  6.) 

N.  amiyhistylus  (E.,  K.). — Elongated 
bacillar,  with  tm-gid  middle,  attenu- 
ated, filifom,  obtuse  apices,  and  deli- 
cate pinnules.  KSA.  p.  7 5.=  Pinindaria 
amphistylus,  EB.  1845,  p.  79.  Fossil. 
Oregon.  1-372". 

N.  ordinata  (Breb.). — Minute,  smooth, 
connected  in  a  parallel  mamier  into 
short,  fragile  filaments ;  -v-alves  slender- 
lanceolate,  contracted  at  the  ends  into 
short,  often  capitate  beaks.  Breb.  =  N, 
aponina  (3,  KA.  p.  69.  Falaise. 

N.  ciiryc(i>/i(da  (Rab.).  —  Lnrgo,  ro- 
bu.st,  oblong,  slightly  contracted  at  the 
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euda  iuto  very  stort  and  broad,  trimcate 
Leaks,  llab  D.  p.  40,  pi.  0.  i'.  70.  Ger- 
many. Median  Hue  and  nodide  strongly 
developed.  Kescmbles  Sluuruncis  platy- 
stoHia,  but  with  a  rounded,  not  trans- 
verse median  uodide. 

3 1  Valves  linear. 

N.  dicephala  (E.). —Elongated  linear, 
c()n.stricted  at  the  ends  into  capitate  or 
broadly  conical  beaks ;  strife  either  ob- 
scure or  distinct,  19  in  l-V200".  =  Navi- 
cula  and  Pinmduria  dici-phala,  EM.  many 
iignres;  Pinmduria  biceps,  Greg.  MJ.  iv. 
pi.  1.  f.  28  ?  Common.  Emope,  Asia, 
Africa,  America.    1-860"  to  1-480". 

^.  producta  (S.). —Linear-,  abruptly 
contracted  at  the  ends  into  short,  obtuse 
beaks;  sti-ia3  faint,  42  to  48  in  -001". 
SD.  i.  p.  51,  pi.  17.  f.  144.  =  N.  mnplii- 
rynclms,  SD.  i.  p.  51,  pi.  16.  £  142.  Britam. 
(VII.  66.) 

N.  hirostris  (E.).— Elongated  narrow- 
linear,  suddenly  contracted  at  the  ends 
into  conical  apices ;  stiiffi  distinct,  close, 
parallel.  =  Pinnularia  hirostris,  EM.  pi. 
15  A.  f.  24.  Fossil.  Lough  Mom-ne  de- 
posit ;  Sweden.  This  fomi  seems  scarcely 
to  differ  from  N.  dicephala,  except  in 
having  slenderer  fr-nstules. 

N.  f/raciUima  (Greg.).— Slender,  nar- 
row-linear, constricted  beneath  the  capi- 
tate apices ;  costte  fine,  27  in  -001",  not 
reaching  the  median  line.  =  Pinmdaria 
(/raciUima,  MJ.  iv.  p.  9,  pi.  1.  f.  31 ;  SD. 
ii.  p.  95 ;  Pinnularia  tenuis,  MJ.  ii.  pi.  4. 
f.  9  ?  Britain. 

N.  linearis  (Greg.).— Minute,  narrow- 
linear,  constricted  beneath  the  subcapi- 
tate  ends ;  costffi  very  fine,  about  40  in 
•001",  parallel,  reaching  the  median  Ime. 
=  Pinmdaria  linearis,  MJ.  iv.  p.  8,  pi.  1. 
f.  29.  Scotland. 

N.  suhcapitatu  (Greg.).— Minute,  nar- 
row-linear, constricted  beneath  the  capi- 
tate ends;  strite  subdistant,  conspicuous, 
short.  =  Pinnularia  subcapitata,  MJ.  iv. 
p.  9,  pi.  1.  f.  30.  Scotland. 

N.  Mr/inensis  (Greg.).— Minute,  linear, 
constricted  beneath  the  subquadrate 
capitate  ends;  striffi  fine,  about  30  in 
•001"  slightly  oblique,  reaching  the 
median  lino.  =  Pinmdaria  Elijinensis,U:5 . 
iv.  p.  9,  pi.  L  f.  33.  Scotland. 

Isf.  limpida  (Berty).  —  Rather  largo, 


striated,  broadly  linear-oblong,  suddenly 
contracted  at  the  ends  into  short,  broad, 
obtuse  beaks.  Forty,  Mic.  Org.  of  Alps, 
P.  204,  pi.  17.  f.  9.  Alps.  Frout  view 
linear,  witl)  truncate  ends;  stritc  10  to 
n  in  1-1200". 


N.  Pisciculus  (E.,  K.).  —  Elongated, 
slender,  striated,  narrow-linear,  slightly 
contracted  at  the  ends  into  conic  beaks ; 
striie  very  delicate.  KA.  p.  75.  =  Pin- 
mdaria Piscicidus,  EA.  pi.  2.  1.  £.  30. 
Cayenne,  India,  P'alaise. 

iS[.  limbata  (E.).— Small,  linear,  each 
end  suddenly  contracted  into  a  short, 
broad,  trimcate  beak,  and  a  wide  border 
appearing  within.  EA.  p.  130,  pi.  1.  2. 
f.  16.  Chili. 

N.  lonyicvps  (Greg.).  —  Minute,  nar- 
row-linear, with  the  ends  contracted 
into  short,  obtuse  points ;  nodule  inde- 
finite; strife  wanting  or  inconspicuous. 
MJ.  iv.  p.  8,  pi.  1.  f.  27.  Scotland. 

N.  ajfinis  (E.). — Small,  linear-oblong, 
^^■ith  the  ends  suddenly  contracted  into 
short,  broad,  obtuse  beaks;  strife  want- 
ing or  indistmct.  EA.  p.  129,  pi.  2. 2.  f.7; 
SD.  i.  p.  50,  pi.  16.  f.  143.  Very  common. 
Ehrenberg  g-ives  upwards  of  seventy 
liabitats.  (xn.  32.)  1-570"  to  1-420". 
Resembles  N.  dicephala. 

N.  dubia  (E.).  —  Small,  linear-lanceo- 
late, with  the  ends  suddenly  contracted 
into  conic  beaks;  sti-ife  wanting  or  in- 
distinct. EA.  p.  130,  pi.  2.  2.  f.  8.  Asia, 
Australia,  Africa,  America.  AMn  to 
N.  affinis. 

N.  ambigua  (E.).  —  Small,  oblong, 
somewhat  inflated,  with  the  ends  sud- 
denly contracted  into  short,  conic  beaks ; 
sti'ice  wanting  or  indistinct.  EA.  pi.  2.  2. 
f.  9 ;  EM.  pi.  15  B.  f.  15.  America,  Aus- 
tralia, Lough  Mom-ne  deposit.  Re- 
sembles N.  affinis  and  N.  dicephala. 

N.  rostellata  (K.).  —  Minute,  sti-iated, 
linear-oblong,  with  elongated,  rosti-ate, 
acute  apices.  KB.  p.  95,  pi.  3.  f.  6o. 
Wangerooge. 

N.  cohimnaris  (E.).— Large,  elongated, 
broadly  linear,  suddenly  contracted  mto 
short,  very  broad,  rounded  ends,  and 
marked  bj^  numerous  longitudinal  lines. 
EM.  pi.  14.  f.  23.  Berlm.  ^  ^  ^  ^  ^ 
N.  ampliata,  EM.  pi.  1/.  2.  f.  & 
pi  15  A,  f.  32.  Finland,  Siberia,  Lough 
Moiu-ne  deposit.  Ehrenberg's  figm-es  re- 
present this  species  as  large,  smooth, 
broadly  linear,  suddenly  contmcted  fit 
the  eiids  iuto  broad,  rounded,  maimm- 
form  bciiks.  . 

N.  Vesjja  (R.).— Small,  Imear-oblon,!:-. 
constricted  beneath  the  capitate  apicos  ; 
nodides  minute;  stria)  parallel,  close, 
nearly  reaching' the  median  line.  =i//'- 
nulai-ia  Vespa,EU.  pi.  33.  5.  f.  9.  Asia, 
Africa,  America. 

N.  incnrra  (Greg.).  —  Small,  linear, 
with  sligbtly  sinnatod  .sides;  ends  con- 
tracted into  short  ti-imcalo  beaks ;  striaj 


or  THE  NAVICCLE.li. 


903 


•wanting-  or  inconspicuous.  MJ.  iv.  p.  8, 
pi.  1.  f.  2G.  Scotland. 

N.  apiculuta  (Brdb.). — Striated,  linear, 
siiddenlj'  attenuated  at  oacli  end  into  a 
short  apieulus ;  front  \-iew  broad,  qua- 
drate, witli  striated  lateral  margins : 
striic  strong,  14  in  -001",  nearly  reaching 
the  median  line.  Breb  DC.  p.  16,  pi.  1. 
f.  20.  =  Piiintilaria  rosteUata,  GDC.  p.  16, 
pi.  1.  f.  20.  Marine.  Europe.  Strife 
somewhat  radiant.  The  frustules  are 
much  compressed,  and  very  similar  in 
the  front  view  to  those  of  iVT  retiisa. 

4t  Valves  subquadrate  or  elliptical,  with 
conical  terminal  points, 

N.  lacustris  (Greg.).  —  Small,  oblong 
or  subquadi'ate,  i^ith  acute-  or  shortly 
rostrate  apices ;  striffi  fine,  distinct, 
slightlv  oblique,  nearly  reaching  the 
median  line,  28  or  30  in  -001".  MJ.  iv. 
p.  6,  pi.  1.  f.  23.  Scotland.  Tlie  only 
species  with  which  this  could  be  con- 
founded is  N.  Jinna ;  but  the  latter  is 
longer  and  lai-ger,  of  a  brown  colour-, 
with  finer,  less  conspicuous,  and  pai-aUel 
strife. 

N.  humerosa  (Breb.). — Striated,  sub- 
quadrate  ;  ends  truncate,  with  a  minute, 
conic  central  point;  strite  tine,  monili- 
form,  24  in  -001",  radiant,  reaching 
nearly  to  the  median  line,  shorter  oppo- 
site the  roundish  tunbilical  space.  SD. 
ii.  p.  94.  =  N.  quadrata,  Greg.  TM.  iv. 
p.  41,  pi.  5.  f.  5.  Marine.  Em-ope.  Ac- 
cording to  Dr.  Donkin,  the  dry  valve, 
under  a  low  power,  is  hyaline  and 
colom-less. 

ISi .  granidata  (Br^b.). — Striated,  rather 
large,  elliptic  or  subquadrate ;  ends  with 
a  conic  central  point ;  stria3  conspi- 
cuously moniliform,  16  in  -001",  radiant, 
reaching  nearly  to  the  median  line. 
Donkin,  TM.  vi.  pi.  3.  f.  19.  Mai-ine. 
Europe.  Distinguished  from  N.  hume- 
rosa by  its  more  distant  and  coarsely 

franulated  strife.    "  Di-y  valve  of  a  dull 
luish    coloui-,   inclining   to   pm-ple " 
(Donkin). 

N.  cowpacttt  (Grev.).  —  Small,  sub- 
quadrate, with  slightly  concave  sides, 
rounded  shoulders,  and  the  median  line 
prolonged  into  conic  points  ;  strife  faint, 
42  in  -001",  reaching  nearly  to  the  me- 
dian line.  Greg.  MJ.  v.  p.  11,  pi.  3.  f.  8. 
Marine.  Not  imcommon.  The  stria3  are 
nearly  parallel.  A  species  well  marked 
by  its  quadrate  shape. 

N.  lalmima  (Greg.).— Broadly  elliptic, 
with  .slightly  produced  mammiform 
npicos ;  stria3  distinct,  finely  moniliform, 


radiant,  nearly  reaching  tlie  median  line, 
shorter,  and  leaving  an  orbicular  hvaline 
space  round  the  central  nodide.  TM.  iv. 
p.  40,  pi.  5.  f.  4.  Marine.  Britain, 
(vii.  70.)  Distinguished  from  N.  </ni- 
mdata  by  its  straw  or  light-brown  colour 
in  balsam,  and  less  conspicuous  granules. 

N.  Barclayana  (Greg.).  —  Elliptic- 
oblong,  with  minute,  conic  apices  ;  strife 
about  38  in  -001",  finely  moniliform, 
short,  forming  a  narrow  marginal  band, 
and  enclosing  a  large,  lanceolate  smooth 
median  space.  GDC.  p.  8,  pi.  1.  f.  9. 
Marine.  Britain.  The  mavgiual  striated 
band  is  of  neaily  uniform  breadth,  ex- 
cept near  the  base,  where  it  becomes 
naiTower. 

N.  viarina(RsMs). — Oval,  with  slightly 
produced  conic  apices,  and  33  distinct, 
moniliform,  radiant  strife  in  -001",  which 
reach  the  median  line.  =  iV;  punotidata, 
SD.  p.  52,  pi.  16.  f.  151.  Marine.  Eng- 
land. 

N.  produeta  (Ralfs). — Oblong-elliptic, 
much  constricted  at  each  end,  as  if  ob- 
tusely mucronate  ;  sm-face  elegantly 
marked  by  decussating  pimctated  lines ; 
puncta  in  quincunx.  =  iV'.  decussata,  EB. 
1843,  p.  256.    Habit  of  N.  Ampliishcena. 

G.  Valves  lanceolate  or  rhomboid. 

N.  rhomhoides  (E.).  —  Rhomboid-lan- 
ceolate, vnth  subacute  apices  and  85, 
very  faint,  parallel  sti-ife  in  -001".  EA. 
^1.  3.  1.  f.  15  ;  SBD.  i.  p.  46,  pi.  16. 
1.  129.    Mexico,  Em-ope,  Austi-filia. 

N.  rhombica  (Greg.).  —  Rhomboid- 
lanceolate,  ■with  very  fine  but  distinct 
strife,  45  in  -001",  reaching  the  median 
line.  MJ,  iii.  p.  40,  pi.  3.  f,  16 ;  TM,  iv, 
p.  38,  pi.  5.  f.  1.  Marine.  Scotland, 
(vn.  71^  According  to  Professor  Gre- 
gory, N.  rhombica  is  distinguished  fi'ora 
N.  rhomhoides  by  the  different  appear- 
ance of  its  median  line  and  central 
nodide,  as  well  as  by  its  distinct  strife, 

N.  rhombea  (E.). — Broadly  rhomboid- 
lanceolate,  with  acute  apices,  and  delicate 
longitudinal  Hues  on  each  side;  trans- 
verse strife  wanting  or  indistinct.  EA. 
p.  131,  pi.  3.  7.  f,  27.  Mexico,  1-480" 
to  1-.360". 

N.  Demerara  (E.). — Smooth,  rhom- 
boid, tumid,  strongly  tapering  into  acute, 
subrostrate  apices.  EB.  1845,  p.  79. 
Demerara,  1-570".  "  Distinguished  from 
JV;  rhombea  only  by  its  subrostrate  ends  " 
(Rabenhorst). 

N.  decussata  (E.,  K.).  —  Rliomboid- 
lancciolate,  with  subacute  apices,  an  ob- 
solete imibilical  space,  and  very  line, 
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decussating;,  punctated  strite.  KA.  p.  70. 
=  Pinnuluria  dectissata,  EB.  1845,  p.  364. 
Mariuo.  India. 

N.  IncUca  (E.).  —  Ehoniboid-lanceo- 
late,  with  somewhat  obtuse  apices,  a 
small  imibilicus,  and  thick-set,  hue,  lon- 
gitudinal, pimctated  lines  (8  on  each 
side).  EB.  1845,  p.  363.  Marine.  India. 
Somewhat  resembles  N.  decussata. 

N.  P  aspcnda  (E.,  K.). — Turgid,  short, 
rhomboid-lanceolate,  six-angled,  rough 
with  punctated  strite;  mnbilicus  subor- 
biculav;  the  longitudinal  median  space 
luuch  dilated  near  the  imibilicus.  liA. 
^.  71.  =  Pinnnlcu-ia?  usperula,  EB.  1845, 
p.  364.    Marine.  India. 

N.  Libdlus  (Greg.).  —  Rhomboid-lan- 
ceolate, with  obtuse  ends;  sti-ire  fine, 
uniform,  about  60  in  -001",  reaching  the 
median  Ihie ;  front  yiew  broadly  linear, 
with  the  central  portion  longitudinally 
lined.  GDC.  p.  57,  pi.  6.  f.  101.  Scotland. 
In  form  it  much  resembles  N.  rhoni- 
bica,  but  is  more  obtuse  and  broader, 
with  imiform  strife.  Professor  Walker- 
Arnott  regards  this  species  as  escaped 
frustides  of  Scldzonema  Grevillii, — an  opi- 
nion, indeed,  shared  by  Professor  Gre- 
gory himself. 

N.  suUilis  (Greg.).— Elongated,  trans- 
lucent, very  slender,  rhomboid-lanceo- 
late, wth  a  minute,  definite  nodule; 
costte  about  30  in  -OOl",  parallel,  reach- 
ino'  the  median  \iae.  =  Pinmdana  subtilis, 
GDC.  p.  16,  pi.  1.  f.  19.  Marme.  Scot- 
land. 

N.  Icmceolata  (Ag.,  K.).  —  Mmute, 
naiTOw-lanceolate,  with  44  indistinct, 
parallel  stiire  in  -001".  KB.  p.  94,  pi.  28. 
f.  38 ;  SD.  i.  p.  46,  pi.  31.  f.  272.  Europe, 
America. 

N.  scrians  (K.).  — Small,  lanceolate, 
with  fine  longitudinal  lines,  and  subacute 
apices ;  front  view  broadly  linear.  KB. 
pf  92,  pi.  28.  f.  43;  SD.  i.  p.  47,  pi.  16. 
f.  130.  =  iV:  lineolata,  EM.  several  figmes. 
Em'ope,  Asia,  Australia,  Africa,  Ame- 
rica. 1-288".  Frustides  fi-equently  co- 
hering. 

N.  Sidiula  (K.).— Elongated,  slender, 
naiTow-lanceolate,  with  tapering,  sub- 
acute apices,  and  fine  longitudinal  lines. 
KB.  p.  91,  pi.  30.  f.  19.  Marine.  Europe. 

N.  tenella  (Breb.).  —  Minute,  smooth, 
very  narrow  -  lanceolate,  with  acute 
apices ;  front  view  linear,  sliglitly  con- 
stricted at  themiddle.  KA.p.  /4.  Europe. 

N.  amphioxys  (E.).— Elongated,  nar- 
row-lanceolate, with  acute  apices;  strne 
indi.stuict  or  wanting.  EA.  pi.  1_.  -  i-  ! 
EM.  many  figures.  Europe,  Asia,  Aus- 
tralia, Africa,  America,  Lough  Mouruc 


deposit.    More  slender  than  N.  gracilis. 
Front  view  nan-ow-linear. 

N.  Cari  (E.). — Minute,  smooth,  lance- 
olate, slender,  acute  at  both  sides,  with  a 
circular  median  nodide.  EI.  p.  179 ;  EM. 
pi.  12.  f.  20.    Fossil.    Cassel.  1-1150". 

N.  oxyphyllwm  (K.). — Pellucid,  gla.ssy, 
smooth,  siender- lanceolate,  gi-adually 
tapering  to  the  acute  apices;  median 
nodide  obsolete.  KB.  p.  92,  pi.  30.  f.  17. 
Marine.    Near  Flinsbm'o;. 

N.  velox  (K.).  —  Mmuto,  smooth, 
broadly  or  oblong  lanceolate,  -with  acute 
apices.  KB.  p.  91,  pi.  3.  f.  66.  =  A^.  ob- 
longa,  EA.  pi.  3.  1.  f.  14.  Wangerooge, 
Mexico. 

N.  apontna  (K.).  —  Minute,  smooth, 
slender-lanceolate,  with  acute,  subros- 
trate  ends.  KB.  p.  91,  pi.  4.  f.  1.  Em-ope. 
Front  view  nan'ow-linear. 

N.  Cesatii  (Rab.).  —  Minute,  smooth, 
slender-lanceolate  ;  fi-out  view  linear, 
with  rounded  ends.  Rab  D.  p.  39,  pi.  6. 
f.  89.  Piedmont.  Very  like  JV.  aponina, 
but  more  slender  iu  the  lateral,  and 
broader  in  the  front  view. 

N.  digito-radiata  (Greg.).— SmaE,  ob- 
long-lanceolate, with  obtuse  ends ;  striae 
fine,  distinct,  about  25  in  -001",  reaching 
the  median  line,  those  neai'  the  centi-al 
nodide  more  distinct  and  highly  radiant. 
=  P{nnulana  diqito-radiata/Mi.  iv.  p.  9, 
pi.  1.  f.  32.  Scotland. 

N.  Solaris  (Greg.).  —  Elongated,  nar- 
row-lanceolate, with  obtuse  ends ;  strife 
fine,  very  distinct,  36  in  -001",  oblique, 
radiant,  and  shoi-ter  opposite  the  inde- 
finite central  nodule.  TM.  iv.  p.  43, 
pi.  5.  f.  10.  •  Marme.  Scotland.  Colour 
brown;  striiB  so  highly  radiant  round 
the  centi-al  blank  spot  as  to  present  the 
appearance  of  a  sim  with  rays.  It  is 
longer  than  N.  radiosa,  with  finer  and 
more  inclined  stiite. 

N.  Mediterranea  (K.).— Mmute,  nar- 
row-lanceolate, with  obtuse  apices  and 
20  striaj  in  1-1200" ;  fi'ont  view  stiictly 
lineal-,  ti'uncate.  KB.  p.  93,  pi.  3.  f.  17. 
Marine.   Em-ope.  1-1200". 

'N.piincttd(da,EU.  pi.  15a.  f.34,B.f.  13, 
14.  Lough.  Moiu-ne  deposit,  Sweden, 
Africa.  Ehrenberg  figm-es  this  species 
as  rhomboid-lanceolate,  with  longitu- 
dinal, parallel,  dotted  lines. 

N.  appeiidictdata  (Ag.,  K.).— Mmute, 
lanceolate,  with  slightly  tm-gid  middle 
and  subrosti-ate  obtuse  ends.  KB.  p.  J3, 
pi.  3.  f.  28.  =Frusitih'a  and  CgmbeUa  ap- 
px-mlicidata,  Ag.  Eiu-opo.  Front  \aew 
linear,  with  truncate  ends.  In  the  lateral 
view  the  apices  are  somewhat  produced, 
but  sciu-cely  rostrate. 
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N.  obtusa  (E.).  — Small,  oblong-lan- 
ceolate, witli  obtuse,  rounded  apices. 
EA.  p.  131.  North  America,  Asia, 
Africa.  Kiitziug  thinks  it  probably 
identical  with  JV.  appendictilata. 

N.  injlexa  (Greg.). — Small,  lanceolate, 
with  subacute  apices;  costre  conspi- 
cuous, 26  in  •001",  uighly  radiant,  nearly 
reaching  the  median  line,  except  oppo- 
site the  central  nodule,  where  they  are 
short,  lea^dng  a  large,  rormdish  blank 
space.  =Pmntda)-ia  in^.exa,TM..  iv.  p.  48, 
pi.  5.  f  20.  Scotland.  Beneath  each 
apex  is  a  strong,  dai'k  cross-bar,  pro- 
bably caused  by  a  depression,  Greg. 

N.  fortis  (Clreg.).  —  Small,  oblong- 
lanceolate  or  somewhat  rhomboid,  with 
obtuse  apices ;  costfe  conspicuous,  16  ia 
•001",  not  reaching  the  median  line, 
gradually  shorter  and  more  radiant  near 
the  centi^al  nodule.  =  Pinnularia  fortis, 
TM.  iy.  p.  47,  pi.  5.  f.  19.  Scotland. 
Tm^gid ;  costiE  prominent,  so  as  to  appeal' 
more  distant  than  they  actually  are. 

N. (K.). — Very  minute,  smooth, 
turgid-lanceolate,  with  distinct  median 
and  terminal  nodules.  ID3.  p.  93,  pi.  3. 
f.  32.    Wangerooge.  1-1560". 

N.  Jurcjensii  (K.).  —  Minute,  smooth, 
turgid  or  oblong-lanceolate,  with  obtuse 
apices  and  obsolete  median  nodide ;  front 
view  broadly  linear,  with  trimcate  ends. 
KB.  p.  93,  pi.  3.  £  8.  Island  of  Wan- 
gerooge, Germany.  1-720". 

N.  nViVMa  (K.).  —  Small,  lanceolate, 
with  obtuse,  slightly  produced  apices; 
stiiae  wanting  or  indistmct.  KJB.  p.  91, 
pi.  4.  £  10.  15.  Em-ope. 

N.  carinata  (E.).  —  Large,  lanceolate ; 
front  view  linear,  with  a  broad  dorsal 
longitudinal  keel.  EB.  1840,  p.  18. 
Fossil.  Shores  of  the  Rhine,  in  volcanic 
schists.  1-216". 

N.  dkiphana  (E.).  —  Large,  smooth, 
diaphanous,  elongated,  lanceolate,  with 
obtuse  apices ;  the  umbilicus  intercepting 
the  double  median  line.  EB.  1845, 
p.  78.  Guia,na.  1-192".  lUhit  oi  Stau- 
roneis  phmnicenteron. 

N.  Schomhurf/kormn  (E.).  —  Large, 
elongated,  lanceolate,  with  obtuse  apices, 
and  the  habit  of  N.  diaphana,  but  with 
three  longitudinal  median  lines.  EB. 
1845,  p.  79.    Guiana.  1-180". 

N.  latiuamla  (K.).  —  Eather  large, 
oblong  or  elliptic-lanceolate,  with  rather 
obtuse  apices ;  striae  shorter  opposite  the 
central  nodule,  10  to  12  in  1-1200" 
KB.  p.  93,  \>\.B.i.4a.  =  N.paiida.  SD. 
i.  p.  40,  pi.  16.  f.  1.39.  Europe,  Ireland. 
T\\ace  as  long  as  broad ;  front  view 
broadly  linear,  with  truncate  onda. 


N.  Schomhun/Ui  (E.,  K.).  —  Large, 
lanceolate,  equal,  three  times  as  long 
as  broad,  with  subacute  apices,  and  25 
stria)  in  1-1152".  KA.  p.  7L  =  Pin- 
nularia  Schomhun/ldi,  EB.  1845,  p.  80. 
Guiana.  Is  smaller  and  more  obtuse 
than  N.  cequalis. 

N.  palpiibralis  (Brdb.).  — Broadly  lan- 
ceolate, with  subacute  apices,  and  27 
radiant  strife  in  •OOl",  which  do  not 
reach  the  median  line.  SD.  i.  p.  50, 
pi.  31.  £  273.  Mai'ine.  France,  Britain, 
bti'ite  short,  leaving  a  lanceolate  median 
blank  space. 

N.  angidosa  (Greg.). — Broadly  lanceo- 
late or  oblong,  with  subacute  apices; 
strise  conspicuous,  short,  forming  a  nar- 
row marginal  baud,  shorter  near  the 
middle,  and  leaving  a  smooth,  rhomboid 
median  space.  TM.  iv.  p.  42,  pi.  5.  £  8. 
Marine.  Britain.  N.  cmgidosa  is  larger 
than  iV;  palpiehralis,  and  the  angular  me- 
dian space  is  a  good  and  permanent  mark 
of  distinction ;  nodule  definite. 

N,  radiosa  (K.).  —  Small,  slender- 
lanceolate,  with  subacute  apices,  and 
from  15  to  18  distract,  radiant  striae  in 
1-1200".  KB.  p.  91,  pi.  4  £  23.  =  Pin- 
nularia  radiosa,  SD.  i.  p.  56,  pi.  18.  £  173. 
Gei-many,  Britain.  With  stronger  striae 
than  N.  gracilis. 

N.  vulpi?ia  (K.). — Rather  turgid,  lan- 
ceolate, with  acute  apices;  fi'ont  view 
broadly  linear,  with  trimcate  ends  and 
punctate  mai-gins ;  stiise  obscure.  liB. 
p.  92,  pi.  3.  £  43.  Germany.  Inter- 
mediate between  N".  gracilis  and  N.  cus- 
pidata, 

N.  cuspidata  (K.).  —  Broadly  lanceo- 
late, with  acute  apices,  a  very  minute, 
orbicular  central  nodule,  and  close,  very 
fine  transverse  striae.  KB.  p.  94,  pi.  3. 
£  24,  37 ;  SD.  i.  p.  47,  pi.  16.  £  lZl.  =  Na- 
■ciculafulva,  EM.  many  figm-es.  Common. 
Em-ope,  Asia,  Africa,  America,  (xn.  5.) 
Front  view  nai-row-linear.  1-1150"  to 
1-180".  The  lateral  view  is  broader  and 
more  rhomboid  than  hi  N.  c/racilis. 

N.  Cantonensis  (E.). — Broadly  oblong- 
lanceolate,  with  acute,  slightly  produced 
apices ;  stria3  wanting  or  indistuict.  EB. 
1847,  p.  484.  Canton.  1-480".  It  difters 
from  N.  cuspidata  in  its  shorter  and  acute 
apices. 

N.  amjyJmpJienia  (E.).  —  Lanceolate, 
navicidar,  gradually  attenuated  into  the 
apices,  with  an  oblong  median  nodulG*^ 
si  lire  wanting  or  obscure.  EA.  p.  129; 
EM.  pi.  9. 1.  1.  16.  America,  Asia,  Africa, 
Europe!.  Distinguished  from  N.  t-(Asy«- 
daia  by  its  oblong  uodide. 

N.  phyllvpla  (K.).  —  Minute,  .slender, 


806 


SYSTEMATIC  HISTOUY  OF  TUB  INFtTSOEIA. 


smooth,  narrow-lanceolate,  with  acute 
apices;  front  view  strictly  linear,  with 
truncate  ends.  KB.  p.  '04,  pi.  30.  f.  5(3. 
Marine.  Em-ope. 

N.  Melccujris  (K.). — Somewhat  turgid, 
lanceolate-acuminate,  with  an  elegantly 
punctate  margin.  KB.  p.  92,  pi.  30.  f.  37. 
Marine.  Em'ope.  Front  view  broadly 
linear. 

N.  gradlis  (E.). — Small,  elongated, 
slender-lanceolate,  with  subacute  ends; 
sti-ise  very  fine,  radiant,  22  in  •001", 
reaching  the  median  liae.  E.  Infus. 
p.  176 ;  EM.  many  figures.  Europe,  Asia, 
Afi'ica,  America,  Lough  Mom-ne  deposit. 
1-1500"  to  1-560". 

N.  oxyptera  (K.). — Elongated,  slender, 
nan-ow-lanceolate,  with  acute  apices,  and 
fine,  slightly  radiant,  transverse  striae. 
KSA.  p.  QQ.^Pinnularia  amphioxys,  EM. 
many  figures ;  P.  acuta,  SD.  i.  p.  56,  pl.  lS. 
f.  171.  Em-ope,  Asia,  Australia,  Africa, 
America. 

N.  Kefcingensis  (E.).— Small,  striated, 
lanceolate,  navicvdar;  sti-iee  converging 
at  the  centre,  17  in  1200".  EB.  1840, 
p.  20.  =  Pinnularia  Kefvingmsis,  EM. 
pi.  10.  2.  f.  4,  5.  Fossil.  Bohemia, 
Asia. 

N.  peref/rina  (E.,  K.).— Striated,  nar- 
row-lanceolate, gradually  tapering  to  the 
subacute  apices ;  pinnules  oblique,  reach- 
ing the  median  Ime,  13  in  -001".  KB. 
p.  97,  pL  28.  f.  52.  =  Pinnularia  peregrina, 
EA.  p.  133,  several  figm-es ;  SI),  i.  p.  56, 
pi.  18.  f.  170.  Mai-ine.  Europe,  Asia, 
Africa,  America. 

N.  leptostigma  (E.).  —  Striated,  lan- 
ceolate, with  subacute,  slightly  produced 
apices;  the  transverse  dotted  stiise  in- 
conspicuous. EB.  1845.  =  Pinnularia 
Iqotostigma,  EM.  pi.  33. 12.  f.  25.  FossU. 
United  States.  Twice  as  long  as  broad. 
1-432". 

N.  JEhrenbergii  (K. )  .—Lanceolate,  with 
somewhat  acute  apices,  and  fine,  radi- 
ating striaj.  KB.  p.  92,  pi.  3.  f.  38.  = 
Navicula  lanceolata,  E.  Iu£  pi.  13.  f.  21. 
Europe. 

N.  neqlccta  (K.).— Tm-gid,  lanceolate, 
with  subacute  apices,  margins  longitu- 
dinally costate  and  transversely  striated. 
KB  p  92,  pi.  28.  f.  4.4:.=  Pinnularia  lan- 
ceolata, EA.  pi.  3. 1.  f.  6.  Europe,  Ame- 
rica. Front  view  oblong,  with  mcras- 
sated  middle  and  truncate  ends.  1-1150" 
to  1-280" ;  striaj  13  in  1-1200  . 

N.  Sempronia  (Perty).  —  Mmiite, 
acutely  lanceolate;  striffl  not  reaching 
the  median  line;  front  view  linear, 
slightly  narrowed  towards  tlie  ^ds. 
Po°-ty,-Microsc.  Org.  p.  204,  pi.  17.  1.  8. 


Alps.    Belongs  to  the  smaller  species, 
and  is  very  lilce  N.  cxilis. 

N.  directa  (S.).  —  Slender,  nan-ow- 
lanceolate,  acute ;  costte  fine,  parallel, 
reaching  the  median  line,  20  in  -001". 
=  Pinnularia  directa,  SD.  i.  p.  56,  pi.  18. 
f.  172.  Maiine.  Sussex.  Front  view 
narrow-linear. 

'N.pidchra  (Greg.). — Broadly  lanceo- 
late or  somewhat  rhomboid ;  stiise  radi- 
ant, strongly  mouilifonn,  nearly  reaching 
the  median  line,  shorter  opposite  the 
slightly  dilated  indefinite  nodides.  TJI. 
iv.  p.  42,  pi.  5.  f.  7.  Marine.  Scotland. 
Rapidly  tapering  to  the  obtuse  apices. 

N.  longa  (Greg.). —  Much  elongated, 
lanceolate  or  slightly  rhomboid,  acute; 
costse  conspicuous,  about  12  in  -001", 
nearly  reaching  the  median  line,_  some- 
what shorter  and  radiant  opposite  the 
central  nodide.  —Pinmdaria  longa,  Greg. 
TM.  iv.  p.  47,  pi.  5.  f.  18.  Scotland.  The 
only  known  form  to  which  it  has  any 
resemblance  is  N.  directa,  but  the  latter 
form,  is  not  rhombic,  and  the  striae  ai-e 
much  more  numerous  and  parallel. 

N.  acutiuscula  (Greg.).  —  Elongated, 
slender,  linear-lanceolate,  acute;  costae 
distinct,  about  30  in  -001",  reaching  the 
median  line,  centi-al  ones  radiant  and 
more  conspicuous.  =  PiH?H/?arta  acxitius- 
cula,  TM.  iv.  p.  48,  pi.  5. 1  21.  Scotland. 

N.  costata  (K.)_.  —  Oblong-lanceolate, 
with  obtuse  apices,  and  longitudinal 
pmictated  lines;  median  nodule  large, 
terminal  ones  minute.  KB.  p.  93,  pi.  3. 
f.  56.  Fossil.  Santa  Fiore.  Front 
view  oblong,  with  broadly  rounded 
apices. 

N.  Norvegica  (E.,  K.).— Broadlv  ob- 
long, with  acute  apices,  a  naiTOw  stiiated 
border,  and  a  smooth  median  space ;  stri:e 
30  in  1-1200".  KA.  p.  1%. -Pinnularia 
Norvegica,  E.  Marine.  Europe.  ^  Front 
view  narrow-linear,  trimcate.  1-360''. 

N.  Libyca  (E.).  —  Small,  striated, 
acutely  oblong-lanceolate,  with  14  sti-its 
in  1-1200";  front  view  quadi-augular, 
with  ti-uncate  ends.  EB.  1840,  p.  20. 
Sinai.  1-550".  It  has  the  habit  of  N. 
fulm,  but  is  wider,  and  not  rostrate. 

N.  Piqnda  (K.).  —  Minute,  smooth, 
oblong-lanceolate,  vnth  slight  produced 
apices.   KB.  p.  93,  pi.  30.  f.  40.  Em-ope. 

N.  aljnna  (S.).— Large,  oblong-lan- 
ceolate, with  obtuse  ends,  and  7  t^  9 
stout,  distant,  radiant  cost;u  in  -001", 
which  do  not  reach  the  median  linc.= 
Pinnularia  alpina,  SD.  i.  p.  55,  pi.  lb. 
f.  168.  Fi-ance,  Scotland.  Front  view 
broadly  lineai-,  with  truncate  ends;  costo; 
shorter  near  the  central  nodule. 
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N.  distans  (S.).  —  Tjanceolate,  with 
subacute  apices ;  costro  railiaut,  distant, 
10  iu  -001",  not  reaching  tlie  median 
]iuo.  =  2'iHiiiil(iria  (Uslaiis,  SU.  i.  p.  5(3, 
pi.  18.  f.  IGl).  Marino.  Common,  espe- 
cially from  deep  dredgings.  CostiB 
shorter  opposite  tlie  central  uodido. 

N.  eleijiDis  (S.).  —  Broadly  or  elliptic 
lanceolate,  -nath  slightly  acuminated 
ends ;  striue  distinct,  24  in  •001",  waved, 
radiate,  nearly  reaching  the  median  line, 
shorter  opposite  the  central  nodule. 
SD.  i.  p.  49,  pi.  16.  f.  137.  Maiine. 
England. 

N.  jm-magna  (Bai.).  —  Large,  turgid- 
lanceolate,  with  obtuse  apices,  a  mar- 
ginal hand  of  pimctated  strite,  and  a 
broad,  lanceolate,  longitudinal  median 
blank  space;  nodide  indefinite.  =P/n«i<- 
hiviaim-maqna,  BMO.  p.  40,  pi.  2.  f.  28  & 
38.    United  States. 

H.  Vukes  linear  or  ohlong,  neither 
rostrate  nor  constricted. 

t  Ends  scarcely  cuneate. 

N.  BaciUum  (E.). — ^Linear,  with  tiam- 
cate,  rounded  ends  ;  strife  indistinct,  54 
in  -OOl".  EM.  several  figures.  =  N.  hacil- 
laris,  Greg.  MJ.  iv.  pi.  1.  f.  24.  Ehren- 
berg  gives  about  50  habitats  in  Em'ope, 
Asia,  Australia,  Africa,  and  America. 

N.  horealis  (E.,  K.). — Small,  striated, 
linear,  with  slightly  attenuated,  rounded 
apices ;  stiias  stout,  rather  distant,  not 
reaching  the  median  line,  13  in  -001". 
ICB.  p.  96,  pi.  28.  f.  68-72.  =  Pimmlaria 
horealis,  EM.  numerous  figm'es;  Pinnu- 
luria  latcstriata,  Greg.  MJ.  ii.  pi.  4.  f.  13. 
(vii.  74.)  A  very  common  and  vndely 
difi'used  species.  Ehrenberg  gives  about 
200  habitats  for  it.  )3  longer  and  more 
dilated  at  the  middle,  =  Pimmlaria 
Caraccana,  E.  Under  moss  on  trees. 
The  front  -view  of  this  species  is  linear, 
■with  tnmcated  ends  and  striated  mar- 
gins, and  resembles  that  of  detached 
iinstules  of  Denticida  and  Odontidium. 

N.  Cliilemis  (E.,  K.). — Large,  linear, 
with  broacQy  rounded  apices,  and  11  or 
12  stout  costaj  in  1-1200".  KA.  p.  79.  = 
Pinnularia  CMensis,  EM.  pi.  34.  11.  f.  3. 
Australia,  Asia,  Africa,  America,  (xii. 
33.)  Costre  parallel,  equal.  Approaches 
to  N.  viridis,  but  is  shorter  and  broader. 

N.  rectungulata  (Greg.). — Linear,  with 
truncate  rounded  ends ;  costiB  rather  di- 
stant, 22  in  -001",  nearly  reaching  the 
median  line,  except  opposite  the  dilated 
indefinite  nodule,  and  there  shorter  and 
diverging.  GDC.  p.  7,  pi.  1.  f.  7.  Marine. 
Scotland. 


N.  Iridis  (E.).  —  Large,  elongated, 
linear-oblong,  tapering  into  the  obtuse 
apices,  finely  striated  both  longitudinally 
and  transversely,  iridescent.  EA.  p.  130, 
pi.  4.  1.  f.  2.    iSTew  York. 

N.  oblonga  (K.).— Elongated,  slender, 
oblong  or  linear-oblong,  with  roimded 
apices ;  eostte  stout,  connivent  at  the 
centre.  IvB.  p.  97,  pi.  4.  f.  2\.  =  Pimm- 
laria pohjptcra,  EA.  p.  133 ;  P.  macilenta, 
E.  Common.  We  follow  Kiitzing  and 
Smith  in  refening  P.  macilenta,  E.,  to 
this  species ;  Ehrenberg's  figm'es,  how- 
ever, diifer  from  theirs  in  being  more 
linear,  with  less  tapering  apices.  1-140". 

N.  Oregonica  (E.,  K.).  —  Elongated, 
bacHlar,  imiformly  and  gradually  de- 
creasing towai'ds  the  rounded  apices; 
pinnules  stout,  23  in  1-1152".-  KA. 
p.  71.  =Pinnidaria  Oregonica,  EB.  1845, 
p.  79.  FossU.  Oregon.  1-228".  It 
approaches  to  N,  Digitus,  but  is  more 
slender. 

N.  truncata  (K.). — Minute,  smooth, 
linear,  with  tmncato-rounded  ends,  and 
an  inner  marginal  border  twice  con- 
stiicted ;  front  view  broadly  linear, 
truncate.  KB.  p.  96,  pi.  3.  f.  34.  Eu- 
rope. 

N.  Liber  (S.). — Linear-oblong,  with 
rounded  apices,  and  48  delicate  striae  iu 
•001" ;  colour  of  dry  valve  pm-plish. 
SD.  i.  p.  48,  pi.  16.  f.  133.  Marme. 
Sussex. 

N.  Styhis  (E.).  —  Elongated,  nan-ow- 
lincar,  with  roxmded  ends,  and  having- 
longitudinal  dotted  lines  on  each  side. 
EM.  ph  15  A,  f.  36.  Asia;  Lough Mom^ne 
deposit. 

N.  Ergadensis  (Greg.). — ^Eather  small, 
narrowly  linear-oblong,  with  rounded 
ends ;  costaj  distinct,  25  in  -001",  nearly 
reaching  the  median  line,  shorter  and 
radiant  opposite  the  roundish,  smooth 
umbilical  STpa.ce.= Pinnularia  Er(/adcnsis, 
TM.  iv.  p.  48,  pi.  5.  f.  22.  Scotland. 

N.  styliformis  =  Pimmlaria  sti/lifonnis, 
EM.  pi.  38  A.  17.  f.  6.  Australia,  Africa, 
America.  Ehrenberg's  figm-e  represents 
a  portion  of  an  elongated,  naiTow,  strictly 
linear  valve,  vsith  rhomboid  ends,  and  fine, 
parallel  stiias  which  reach  the  median 
line. 

N.  Dactylus  (E.,  K.). — Large,  elon- 
gated, linear-oblong,  passing  hy  a  very 
gentle  curve  into  the  slight!}'  narrower, 
broadly  rounded  apices  ;  pinnules  14  iu 
1-1200".  KB.  p.  98,  pi.  28.  f.  59.= 
Pimmlaria  Dactylus,  EA.  p.  132,  pi.  4.  1. 
f.  3.  I'Airope,  Asia,  Africa,  America. 
Lough  Mourno  deposit. 

N.  firidis  (Nitzsch,  K.).— Elongated, 
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slender,  linear-oblong  or  linear  lanceo-  I 
late,  with  ohtuse  apices ;  12  to  14  radiant 
cost£D  in  1-1200",  shorter  opposite  the 
central  nodule.  KB.  p.  07,  pi.  4.  f.  18.  = 
Pinnularia  viridis,  E.,  in  part?  ;  Navicula 
virichda,  E.  (ix.  133-136.)  Common. 
1-3000"  to  1-280". 

N.  Jwmiptcra  (K.). — ^Narrovir,  linear- 
oblong,  with  obtuse,  conic  apices,  and 
14  or  15  radiant  costjB  in  1-1200",  which 
do  not  reach  the  median  line.  KB. 
p.  97,  pi.  30.  f.  11.  =  Pmmdaria  hemiptera, 
SD.  ii.  p.  95,  America,  Europe.  Front 
view  linear,  with  rovmded  angles.  Often 
overlooked  from  its  resemblance  to  N. 
viridis,  from  which  it  is  distinguished  by 
its  finer  stritB  and  narrower  valve. 

N.  cequinoctialis  (Mont.).  —  Rather 
large,  linear-oblong,  with  rounded  apices, 
and  4  stout,  radiant  pinnules  in  1-2600". 
Montague,  Annales  des  Sciences  Nat. 
1850,  p.  309.  Guiana.  1-260"  to  1-150". 
In  form  it  resembles  N.  Bactylus,  but 
differs  in  its  size  and  much  larger  strise. 
In  the  latter  respect  it  approaches  to  N. 
pachyptera,  bvit  has  not  the  median  infla- 
tion of  that  species. 

N.  pleuroplwra  (K.).— Large,  stout, 
oblong,  or  linear-oblong,  with  broadly 
roimded  ends,  and  6  stout  cost^  in 
1-1200".  KA.  p.  79.  =Pinnularia  costata, 
EM.  pi.  4. 2.  f.  5 ;  Pinnularia  megaloptera, 
EM.  pi.  3.  1.  f.  4.    America,  Asia. 

N.  Suecica  (E.).— Oblong-eUiptic,  with 
broadly  roimded  ends,  short,  stout,  rather 
distant  marginal  costas,  and  large  central 
blank  space.  E  Lif.  p.  189,  t.  21.  f.  18.  = 
Pinnidaria  Suecica,  EM.  FossU.  Sweden. 

N.  lata  (Breb.).— Large,  linear-ob- 
long, with  roimded  apices,  and  8  stout 
costfe  iu  -001",  which  do  not  reach  the 
median  line,  and  are  shorter  and  some- 
what connivent  opposite  the  central 
nodule.  KA.  p.  79.  =  Pinnularia  lata, 
SD.  i.  p.  55,  pi.  18.  f.  167.  France,  Bri- 
tain. Front  view  very  broad  linear,  with 
rounded  angles,  trimcate  ends,  and 
striated  margins;  the  central  nodules 
large.  This  species  approaches  closely 
in  character  to  N.  Suecica. 

N  Digitus = Pinnidaria  Digitus,  EM. 
pi.  33.  8.'  f.  15  ;  pi.  38  a.  3  b.  f.  1.  Ame- 
rica, Java.  This  species  is  figiu-ed  as 
large,  linear-oblong,  with  broadly 
rounded  ends,  and  stout,  parallel  costtc 
which  do  not  reach  the  median  line. 

N.  Dux= Pinnidaria  Dux,  EM.  pi. ».  2,. 
f  5.  Fossil.  Hungary.  Ehrenbcrg  repre- 
sents it  as  largo,  elliptic-oblong,  with 
rounded  ends  and  divergent  costie,  which 
do  not  reach  the  median  line,  and  arc 
shorter  opposite  the  central  nodule. 


N.  oslrearia  (K.).  —  Small,  elliptic- 
oblong,  with  rounded  ends,  large  central 
nodule,  and  close,  fine  strias.  KA.  p.  77. 
Marine.  France. 

N.  rctusa  (Br(5b.). — Striated,  naiTow- 
linear,  with  rounded  ends;  front  -vdew 
broad,  quadrate,  with  rounded  angles, 
trimcate  ends,  and  concave  and  stiiated 
lateral  margins.  Breb  DC.  p.  16,  pi.  1. 
f.  6.  Marine.  Eiu'ope.  The  frustules 
are  much  compressed ;  and  consequently 
the  front  view  is  so  much  broader  than 
the  lateral  sm-faces,  that  it  is  difficult  to 
obtain  a  good  sight  of  the  latter.  N. 
retusa,  N.  apiculata,  and  a  few  allied  spe- 
cies probably  ought,  as  suggested  by  M. 
de  Brebisson,  to  fonn  a  separate  gi'oup,  if 
not  a  distinct  genus,  distinguished  by 
the  great  comparative  breadth  of  its 
front  view,  with  its  sti-iated  and  sinu- 
ated  or  constricted  lateral  margins. 

N.  scita  (S.). — Nitescent,  lineai--ob- 
long,  with  attenuated,  obtuse  ends;  sti-ia3 
very  faint,  45  in  -001" ;  nodule  small. 
ANH.  1857,  xix.  p.  8,  pi.  2.  f.  4.  Pyrenees. 

N.  parmda  (Greg.). —  Small,  narrow 
linear-lanceolate,  with  obtuse  ends  and 
distinct  costce,  which  do  not  reach  the 
median  line.  =  Pinnularia  pai-va,  MJ.  ii. 
p.  98,  pi.  4.  f.  11.  Mull. 

2t  Valves  linear  or  oblong,  with 
cimeate  ends. 

N.  amphigomphus  (E.).  —  Large, 
broadly  linear,  with  shai-ply  cuneate  ends, 
with  or  without  obscm-e  _  longitudinal 
lines ;  sti-ise  obsolete  or  distinct.  EA. 
p.  129,  pi.  3.  1.  £  8;  EM.  many  figm-es. 
America,  Asia,  Em-ope.  Lough  Moume 
deposit.  jS,  stria3  distinct.  =  Pinnularia 
ampliigomplius,  EM.  pi.  14.  f.  11. 
Caveune,  France. 

N.  dilatata  (E.).— Lai-ge,  oblong  or 
broadly  lineai-,with  obtuse,  cuneate  ends, 
and  furnished  with  longitudinal  lines 
neai-  the  margins.  EM.  many  figmes. 
Europe,  Lough  Moume. 

N.  dispJienia  (E.,  K.).  — Lineai-,  elon- 
gated, -svith  sharply  cimeate  ends,  finely 
striated  near  the  margins.  KB.  p.  93, 
pi.  28.  f.  54.  —  Pinnularia  disphema,  EA. 
p.  132.  America,  Austaralia.  Approachv,- 
to  N.  amphigomphus. 

"N.  acuta  (K. ) .  — NaiTOW-linear,  smooth . 
with  acute,  shortlv  cuneate  apices.  KK 
p.  93,  pi.  3.  f.  49.  "Island  of  Wangerooge, 

Australia. 

N.  subacuta= Pinnularia  suba<^uta,l^M. 
pi.  35  A.  U.  !■  12.  rerth,  Austraha. 
Ehrcnbcrg's  figure  represents  thisspecu  s 
as  linear,  with  cuneate  apices,  fine,  closi\ 
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parallel  striro,  wliicli  reach  the  median 
line,  and  a  small  central  nodule. 

N.  acmninnta  (S.).  —  Ijineai",  with 
acutely  ciiueato  ends  and  parallel  costas, 
which  do  not  reach  the  median  line.= 
Piiuiiiluria  acianinata,  SD.  i.  p.  55,  pi.  18. 
f.  1G4.    Premnay  peat. 

N.  minor  (Greg-.). — Minute;  lateral 
view  linear,  with  acutely  cuneate  ends  j 
strife  tine,  nearly  parallel,  not  reaching 
the  median  line,"36  to  40  in  -001".  GDO. 
p.  5,  pi.  1.  f.  1.  Scotland. 

N.  crassa  (Greg.). — Linear-  or  elliptic- 
oblong,  with  obtusely  cimeate  ends ; 
sti'iiB  fine,  but  distiiict,  moniliform,  radi- 
ant, nearly  reaching  the  median  line,  but 
leaying  an  orbicular  blank  space  roimd 
the  central  nodule.  MJ.  iii.  p.  41,  pi.  4. 
f.  18.  Scotland.  Is  of  a  brown  colour 
in  balsam. 

N.  Utriculus  (E.,  K.).  —  Striated, 
linear-oblong ;  ends  attenuated,  with  a 
slight  marginal  curyatm'e,  into  the  obtuse 
apices.  TCR  p.  93.  =  Piimularia  Utri- 
culus, EA.  p.  134.  Mexico.  Akin  to 
N.  disphenia. 

N.  trigonocephala  (E.).  —  Striated, 
linear,  with  the  ends  dilated  into  large 
cuneate  heads.  =  Pinnularia  trigonoce- 
phala, EM.  pi.  34.  8.  f.  ll._  Japan.  Very 
milike  any  other  species  in  having  the 
cimeate  heads  much  dilated  and  broader 
than  the  intermediate  poiiion. 

N.  microstoma  (K.). — Large,  turgid, 
elongated  oblong,  with  obtusely  cuneate 
ends,  longitudinal  lines,  and  a  veiy  mi- 
nute oblong  median  nodide ;  strife  nume- 
rous, obscure.  ILA.  p.  71.  =  iVi  KB. 
p.  92,  pi.  3.  f.  51 ;  N.  Jirma,  SD.  p.  48, 

i)1.16.£l38.  Em-ope.  Front  view  broadly 
inear,  with  trimcate  ends,  rounded  an- 
gles, and  broad  lateral  borders,  tm-gid  at 
the  middle.  Perhaps  Professor  Smith 
was  right  in  imitiug  this  to  N.  Jirma. 

'N.Jirma  (K.). — Large,  tm-gid,  oblong- 
lanceolate,  with  obtuse,  cuneate  ends, 
thick  borders,  and  large  median  nodide  ; 
stripe  wanting  or  obscure.  KB.  p.  92, 
pi.  21.  f.  10.    Fossil.    Santa  Fiore. 

N.  maxitna  (Greg.). — Large,  striated, 
linear,  with  longitudinal  lines,  and  ob- 
tuse, cuneate  or  conic  ends ;  strife  fine, 
parallel,  nearly  reaching  the  median  line, 
shorter  opposite  the  central  nodide, 
about  52  m  -001".  GDO.  p.  15,  pi.  1. 
f.  18.  ]\Iarinc.  Britain.  (vir.  75.) 
i  \  cncrally  elongated  ;  nodule  definite, 
.suiTounded  by  a  smooth  space.  Front 
view  linear,  nairowest  at  tiie  middle, 
^\  itli  striated  margins.  Dificrs  from  N. 
firma  in  its  paler  coloiu",  finer  strife,  and 
ninre  obtuse  apices.  Grog. 


N.  formosa  (Greg.). — Tiarge,  striated, 
liueixr  or  linear-oblong,  with  longitudinal 
lines,  obtuse,  cuneate  or  conic  ends ; 
strife  distinct,  slightly  inclined,  not 
reaching  the  median  lino,  shorter  oppo- 
site the  lai'ge  central  nodule,  about  35 
in  -001".  TM.  iv.  p.  42,  pi.  5.  f.  6. 
Marine.  Scotland.  Agrees  in  form  with 
N.  maxima,  but  is  distinguished  by  its 
more  conspicuous  and  slightly  inclined 
strife  which  do  not  reach  the  median 
line,  leaving  a  longitudinal  median  blank 
band. 

N.  Kergiielmsis  (R.).  —  Oblong,  with 
obtusely  cuneate  ends ;  costaj  stout, 
radiant ;  nodule  indefinite.  =  Pinnularia 
Kerguelensis,  EM.  pi.  35  a.  2.  f.  15.  Africa. 

I.  Valves  elliptic,  with  rounded  ends. 

N.  cocconeoides  (Rah.).  —  Small,  ellip- 
tic, with  broadly  rounded  ends,  and  11 
to  13  parallel  and  distinct,  but  faint 
strife  in  1-1200",  which  reach  the  median 
line.  =  Pinnularia  cocconeoides,  Eab  D. 
p.  4.3,  pi.  6.  f.  18.  Stockholm. 

N.  scutelloides  (S.).  —  Small,  subor- 
bicular,  with  18  moniliform,  radiant 
striae  in  -001",  nearly  reaching  the 
median  line.  SD.  ii.  p.  91 ;  Greg.  MJ.  iv. 
pi.  1.  f.  15.  Britain. 

N.  pectinalis  (Breb.). — Linear-elliptic, 
with  roimded  ends,  and  22  striae  in  •001". 
SD.  ii.  p.  92.  Marine.  France,  Britain. 
Front  view  with  trimcate  ends. 

N.  Algeriensis  (Mont.). — Elliptic-ob- 
long, with  10  strife  on  each  margin. 
M.  Fl.  d' Alger,  p.  190.  Maiine.  Algiers. 

N.  Cluthensis  (Greg.). — Elliptic,  with 
broadly  rounded  ends ;  strife  conspicu- 
ous, moniliform,  reaching  the  median 
line,  about  20  in  -001";  median  line 
broadest  at  the  central  nodule,  elio-htly 
attenuated  towards  the  ends.  dDC. 
p.  6,  pi.  1.  f.  2.    Scotland,    (ra.  73.) 

N.  oralis  (Nag.).  —  Finely  striated, 
oval  elliptic  ;  front  view  broadly  linear. 
1-720"  to  1-600-'.  KA.p.800.  Switzer- 
land. 

N.  ohlongclla  (Nag-.).  —  Smooth,  ob- 
long-oval;  front  \iew  broadly  liuciir. 
1-720"  to  1-430".  KA.  p.  890.  "Switzer- 
land. 

^  N.fossilis,  EM.  pi.  10. 1.  f.  G.  Bohemia. 
Ehrenbcrg's  figure  sliows  this  species 
elliptic,  slightly  rhomboid,  -with  rounded 
ends ;  the  median  sutim;  of  three  lines, 
inteiTupted  by  the  indefinite  central 
nodule. 

N.  nana  (Greg.  MS.).— Mmnte,  oval, 
obtuse;  costis  radiant,  nearly  roachino- 
the  median  line;  umbilical '  .space  not 
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dilated.  =  Pinnidana  pyiimtea,  EM. 
pi.  10.  1.  f.  9;  MJ.  iv."  pi.  1.  i.  8. 
Europe. 

N.  lepida  (Greo\).— Minute,  hynliue, 
oval,  or  oblong,  with  obtuse  ends ;  striaj 
indistinct  from  their  transparency, 
slightly  radiant.  MJ.  iv.  p.  1,  pi.  1. 
f.  25.  Scotland. 

N.  oceanica.  —  Elliptic-oblong,  twice 
as  long  as  broad,  with  subacute  apices, 
small,  round,  clearly-defined  umbilicus, 
and  double  median  line;  margin  deli- 
cately but  widely  striated ;  pinnules  20 
in  1-1200".    Southern  Ocean.  1-570". 

K.  Median  linejlexuose. 

N.  tiimida  (Br(§b.).  —  Large,  tumid, 
stiiated,  twisted,  oblong,  with  obtuse 
apices,  a  iiexuose  median  line,  and  close, 
line  strife,  which  reach  the  median  line. 
liA.  p.  77.  =  N.  Jennern,SI>.  i.  p.  49, 
pi.  16.  f.  134.  Marine.  France,  Britain. 
(vn.  55.)  Front  view  broad  linear  ob- 
long, with  roimded  angles;  {i-ustules 
twisted,  so  that  the  hyaline  central  por- 
tion appears  flexuose. 

N.  convexa  (S.). — Large,  tumid,  stri- 
ated, twisted,  linear  oblong,  with  conic 
apices,  a  flexuose  median  line,  and  21 
stria3  in  -001",  which  do  not  quite  reach 
the  median  line.  SD.  i.  p.  49,  pi.  18. 
f.  136.  Marine.  England.  Front  view 
broadly  linear-oblong,  with  roimded 
angles,  and  a  narrow,  flexuose,  longi- 
tudinal median  band. 

N.  Westii  (S.). — Broadly  lanceolate, 
■v\ith  subacute  apices,  and  38  delicate 
strife  in  -001",  which  nearly  reach  the 
sliu-htly  flexuose  median  line.  SD.  i. 
p.  ^49,  pi.  16.  f.  135.  Marine.  England. 
Coloiu-  of  dry  valve  dark  pui-ple;  front 
view  linear,  with  rounded  angles,  and  a 
narrow,  slightly  flexuose  median  band. 

N.  ?  campylogramma  (E.).  —  Small, 
ovate,  obtuse,  smooth,  with  a  flexuose, 
sig-moid  median  line,  and  orbicular  cen- 
tral nodide.  EB.  1853,  p.  36.  Bavaria, 
Bhine.  Probably  identical  with  Achnan- 
thidiumjlfxdhmi,  since  Ehrenberg  states 
that  he  has  seen  it,  together  with  Ach- 
nantJies?  JBavarica,  distributed  under  the 
name  of  Cymbcllajlexella. 

N.  toHuosa  (E.).— Smooth,  crystalline, 
rather  tm-gid,  and  somewhat  tortuous, 
so  that  one  end  has  a  more  obtuse  apex. 
EB.  184.3,  p.  27L  1-288". 

N.  dissimilis  (S.).— Frustules  oblique  ; 
elliptic ;  median  line  somewhat  diagonal 
from  the  obliquity  of  the  frustulo,  re- 
curved at  extremities;  strife  obscure. 
ANIL  1857,  xix.  p.  8,  pi.  2.  f.  6.  Pyrenees. 


L.  Fruskden  lunatcly  curved  in  the 
front  view. 

N.  genujlexa  (K.). — Parasitic,  smootli, 
narrow-lanceolate,  obtuse;  front  view 
linear,  with  truncate  ends,  lunately 
cmwed.  KB.  p.  101,  pi.  21.  f.  6.  Marine. 
Peru. 

M.  Frustides  Innately  curved  in  the 
lateral  view. 

N.  NoapoUtana  (Bab.).  —  Lunately 
cm'ved,  linear,  with  truncate  eud.s,  and 
transA'erse  strife.  —  Fulcatella  Neupoli- 
tana,  Rab  D.  p.  46,  pi.  5.  f.  3.  Italy. 

N.  lunata  (K.). —  Smooth,  small,  lu- 
nately cui-ved,  naiTow-linear,  with 
slightly  roimded  ends ;  front  view 
linear,  tiiincate.  KB.  p.  101,  pi.  4. 
f.  1.  4.  =  Falcatella  lunula,  Rab  I),  p.  40. 
Italy. 

N.  Romana  (Rab.). — Smooth,  attached 
by  a  gelatinous  base;  Innately  cun'ed, 
linear,  with  truncate  ends ;  front  view 
linear  lanceolate,  trimcate.  =  Fulcatella 
Romana,  Rab  D.  p.  46,  pi.  5.  f.  1.  Italy. 

Doubtfid  or  insufficiently  described 
Species. 

N.  varians  (Greg.). — Form  and  size 
variable;  strife  oblique,  14  to  18  in 
•001",  nearly  reaching  the  median  line, 
more  conspicuous  opposite  the  centrfil 
nodide,  and  highly  radiant.  TM.  iii. 
p.  12,  pi.  2.  Britain.  In  this  species 
Professor  Gregory  disregarded  fomi  and 
size,  considering  the  nmnber  and  dispo- 
sition of  the  sti'iaj  as  the  essential  cha- 
racters. 

N.  mutahilis  (Greg.).— Form  and  size 
variable ;  sti-ifB  as  in  N.  varians,  but 
finer,  and  from  24  to  26  in  ;001".  TM. 
iii.  p.  14:.=Pinnidaria  exigua,  MJ.  ii. 
pi.  4.  f.  14.  Britain.  We  concur  in 
opinion  with  the  late  Professor  Smith, 
that  these  species  are  too  vaguely  de- 
fined, and  that  probably  they  are  con- 
stituted of  forms  belonging  to  various 
other  species. 

N.  minutissima  (Rab.). — Exceeduigly 
minute,  but  with  distinct  median  nodule. 
Rab  D.  p.  39,  pi.  6.  f.  80.  Persia, 

N.  mcf/alodon  =  Pinnularia  megalodon, 
EM.  pi.'  33.  14.  f.  21.  America.  The 
central  portion  of  a  large,  oblong  species, 
with  stout,  distant,  parallel  costte,  which 
do  not  roach  the  median  line. 

N.  omphalia  (E.).— Lar^o,  iridescent, 
with  very  fine,  granulated,  decu.ssating 
lines;  umbilicus  orbicular,  solid,  hyaline, 
divided  by  the  straight  median  lino. 
Fossil.    Fragments  in  Bermuda  deposit. 
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N.  Rhaphoneis  =  Piimularia  Ehnpho- 
neis,  EM.  pi.  JJS  a.  9.  f.  7.  Giuigos. 
Miuute,  oblong:,  with  subacute  apice.^,  a 
small  central  nodule,  and  diverging  stiite. 

N.  enrysoma  (E.). — Minute,  smooth, 
elliptic,  with  roimded  ends,  and  marked 
by  two  narrow,  longitudinal  blank  lines, 
which  converge  at  each  end  and  are 
connected  at  the  centre  by  the  transverse 
nodule.  EB.  18.38.  =  Stauroneis  enry- 
soma, EM.  pi.  21.  £  36.  Fossil.  Algiers. 
Apparently  more  allied  to  the  Ipate 
gi-oup  of  Navicula  than  to  Stauroneis. 

Species  from  Elirenberg,  known  to  tcs 
only  by  name. 

N.  ceratostigvia,  N.  Jordani,  N.  Legu- 


vicn,  N.  amphilqda,  N.  obliqm,  N.  turyida, 
N.  Smeyulansis,  N.  FuJhlandue,  N.  Catha- 
rince,  N.  conspcrsa,  N.  SacuniKe,  N.  aula- 
cophwna,  N.  Jiarhailcnsis,  N.  JEicryuli; 
N.  leptoceros,  N,  spharoptera,  N.  Vibrio, 
N.  leptotermia. 

Pinmdaria  affinis,  Ehrenberg  gives  30 
habitats.  It  may  be  a  fomi  of  Navicula 
affinis,  with  jnore  evident  strioB. 

P.  ambiyita,  P.  australis,  P.  insularis, 
P.  pleuroncctes,  P.  Preissii,  P.  Fusus,  P. 
Phenana,  P.  Craticula,  P.  ptcrojjhccna, 
P.  platysoma,  P.  CatharincB,  P.  anomula, 
P.  Hemprichii,  P.  Licuarce,  P.  Cajxmsvi, 
P.  Caffra,  P.  antarctica,  P.  Folium,  P. 
mic?-osphc}iia,  P.  j^leuroncctes,  P.  Arau- 
canice,  P.  JBarbadensis, 


Genus  STAUEOjSTEIS  (Ehr.,  Kiitz.).— Frustules  simple,  free  in  front  view 
paraUelogramic ;  valves  with  median  line  and  nodules,  central  nodule  trans- 
versely dilated.  Stauroneis  differs  from  Navicula  in  having  the  central 
nodule  prolonged  into  a  ti-ansverse  pellucid  band  (stauros)  free  fi'om  stria3. 

In  a  few  cases  we  meet  \nth.  the  semblance  of  a  staiu'os  in  the  genus 
Piiimilaria  [Navicula]  ;  but  in  these  instances  a  closer  examination  will  show 
that  this  appearance  arises  from  the  interruption  of  the  costas  merely,  and 
not  from  the  dilatation  of  the  central  nodule,  which  is  still  found  unchanged  " 
(Smith).  Ehrenberg  divides  this  genus  into  Stauroneis  and  Staui-optera — the 
former  having  smooth,  and  the  latter  striated  frustules ;  but  we  agree  vnth 
Professor  Kiitzing  in  thinking  the  distinction,  as  in  Navicula  and  Pinnularia, 
unsatisfactory,  and  that  many  species  would  be  referred  by  the  observer  to 
the  one  or  other  genus  according  to  the  magnifying  power  of  the  microscope 
used  in  the  examination. 

S.  Leyumen  (E.).  —  Small,  oblong- 
lanceolate,  each  margin  with  three  un- 
didations;  apices  apiculated;  stauros 
linear,  reaching  the  margin.  EB.  1844, 
p.  135;  EM.  pi.  39.  3.  f.  104;  Gres?. 
MJ.  iv.  pi.  1.  f.  9.  =  Stauroneis  linearis, 
SD.  i.  p.  60,  pi.  19.  f.  193.  America, 
Em-ope.    (vn.  67.) 


*  Valves  constricted  at  the  centre. 

Stauroneis  constncta  (E.). — Small, 
oblong,  deeply  constricted  at  the  centre, 
and  slightly  conti'acted  into  obtuse 
apices.  EA.  p.  134,  pL  1.  2.  f,  12  b. 
Chili,  Austraha,  Africa. 

S.  Rabenhorstii. — Linear,  with  broadly 
rounded  ends  and  concave  sides;  costte 
stout,  oblique;  stam-os linear.  =  Stauro- 
ptera  constricta,  Bab  D,  p.  50,  pi.  9.  f.  10. 
Italy. 

2*  Valves  with  2  or  3  undulations. 

S.  injlata  (K.). — Small,  linear,  with 
two  constrictions,  and  three  dilatations ; 
ends  broadly  roimded;  stauros  linear, 
reaching  the  margin.  ICB.  p.  105,  pi.  30. 
f.  22.    Trinidad.    1-480"  to  1-428". 

S.  Fulmen{Jive\).). — Lanceolate,  acute, 
with  two  undulations ;  stauros  very 
slightly  dilated  towards  the  margin ; 
strife  distinct,  22  in  '001" ;  front  view 
rectaugadar.  -008"  to  -015".  TM.  vii. 
p.  180,  pi.  9.  f.  6.  Fresh  water.  Mel- 
bom-no.  This  beautiful  species  resembles 
S.  acuta,  but  is  easily  distinguished  by 
its  marginal  imdulations. 


3*  Valves  with  a  sigmoid  median  line, 

_  S.  Sigma  (E.).  —  Stout,  lanceolate, 
sigmoid,  with  obtuse  apices:  staui-oa 
abbreviated.  EB.  1844,  p.  88  ;  EM. 
pi.  18.  f.  63.  Fos.sil.  Bichmond  deposit. 
It  has  the  foiiu  and  size  of  Plcurosit/ma 
acuminatum;  but  its  median  noduie  is 
dilated,  as  if  geminate.    1-240".  Ehr. 

S.  obliqua  (Greg.).  —  Small,  short,  ob- 
long, or  broadly  lanceolate, -nath  a  sigmoid 
or  oblique  median  line  ;  stauros  reaching 
the  margin ;  strife  fine,  45  in  -001".  M.I. 
iv.p.  10,  pL  L  f.35.  Lochleven.  (vii.G3.) 

4*  Valves  vxith  rostrate  or  capitate 
apices. 

S.  dilatala  (E.). — Small,  ventricoso 
with  minute,  mammiform  bealvs ;  stauros 
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linear,  nearly  reaching  tho  mavf>:in.  EA. 
pi.  1.  2.  f.  12a;  SI),  i.  p.  00,  pi.  19. 
f.  191.    America,  Australia,    (xu.  115.) 

S.  exilis  (K.).— Very  minute,  ventri- 
cose,  shortly  rostrate;  stauros  linear. 
KB.  p.  105,  pi.  30.  f.  21.  Trinidad. 
1-2400". 

S.  punctata  (K.)_.  —  Small,  ventricose, 
with  rostrate  apices,  and  27  radiant 
punctate  sti-ite  in  -OOl" ;  stauros  linear, 
abbreviated.  103.  p.  106,  pi.  21.  f.  9 ; 
SD.  i.  p.  61,  pi.  19.  f.  189.  Britain. 
Fossil,  Santa  Fiore. 

S.  anceps  (E.).  —  Small,  lanceolate, 
constricted  beneath  the  subcapitate 
apices ;  stauros  linear,  not  reaching  the 
margin  ;  stria3  very  delicate,  45  in  -001". 
EA.  p.  134,  pi.  2.1.  f.  18 ;  SB.  i.  p.  60, 
pi.  19.  f.  190.  Em-ope,  Asia,  Afi'ica, 
America.  . 

S.  Crucicula  (S.).  —  Small,  elliptic- 
lanceolate,  somewhat  ventricose,  pro- 
duced at  the  ends  into  minute,  conical 
bealis;  staiu-os  very  naiTow,  linear, 
reaching  the  margin.  SD.  i.  p.  60,  pi.  19. 
f.  192.    Marine.    Ireland,    (vii.  64.) 

S.  ventricosa  (K.).  —  Very  minute, 
ventricose,  consti-icted  beneath  the  capi- 
tate apices  :  staiu'os  linear,  not  reaching 
the  mai-gin.  KB.  p.  105,  pi.  30.  f.  27. 
Gei-many,  France,  Britain. 

S.  capitata  (E.).— Very  smaU,  oblong, 
twice  as  long  as  broad,  suddenly  con- 
sti-icted  beneath  the  capitate  apices; 
stiitB  18  in  1-1560".  EB.1844.  Southern 
Ocean.    Front  view  linear.  1-1152". 

S.  phyllodes  (E.).— Turgid-lanceolate, 
with  the  apices  produced  into  short, 
subacute  beaks ;  stauros  linear,  reaching 
the  margin.  EA.  p.  135,  pi.  1.  2.  f.  10. 
America,  China,    (xn.  7-9.) 

S.  Semen,  EM.  pis.  35  a,  and  38  a. 
many  figiu-es.  Ehrenberg  gives  about 
80  habitats  in  Asia,  Africa,  and  Ame- 
rica. Lateral  -view  small,  ventricose, 
with  mammiform  apices  and  linear 
staiu'os. 

S.  Tuscula  (E.).  —  SmaU,  striated, 
elliptic-oblong;  apices  suddenly  con- 
tracted, lunbonate  ;  stauros  lineai-,  reach- 
ing the  margin ;  striffi  obliftue.  =  iVar«c(firt 
Tlscula,  EB.  1840,  F  21 ;  KA  p  77 ; 
Stauroptera  Tuscula,  EM.  pi.  b.  1.  i.  L6. 
Fossil.  Santa  Fiore,  Siberia.  Front 
view  linear. 

S.  mesopachya,  EM.  pi.  15  a.  f.  26. 
Loucrh  Moimie  deposit.  Large,  oblong- 
lanceolate,  suddenly  contractecTinto  mam- 
miform, obtuse  anices ;  stauros  l"icar^ 

S.  hirostris  (fe.).  -  Small,  narrow- 
lanceolate,  with  produced,  rostrate,  sido- 
acute  apices ;  stauros  linear.  LA.  p.  y-i*, 


pi.  2.  2.  f.  1.    America,  Africa. 

S.  riutaka  (E.). — I^atcral  view  slender 
lanceolate,  constricted  beneath  the  capi- 
tate apices  ;  stauros  linear.  EM.  pi.  15  a. 
f.  30.    Lough  Mourne  deposit ;  Mexico. 

S.  Sieholdii  (E.).  —  Large,  turgid- 
lanceolate,  tapermg  into  obtuse  bealrs; 
stauros  linear.  EM.  pi.  34.  8.  f.  12. 
Japan. 

S.  Ehrenhei'gii  (E.).  —  Small,  inflated, 
oval,  with  produced,  maimnifomi  apices  ; 
stam'os  linear;  strias  paraUol.  =  8tai(- 
roptora  platystoma,  EM.  pi.  14.  f.  13. 
Berlin. 

S.  platystoma  (E.,  K.).  —  Linear-ob- 
long, contracted  at  the  ends  into  raammi- 
foi-m  beaks ;  staiu'os  linear.  KB.  p.  105, 
pi.  3.  f.  58;  EM.  pi.  3.  1.  f.  S.=Naciciila 
platystoma,  E  Inf.  pi.  13.  f.  8.  Genuany, 
America,  Asia.  (ix.  142.)  1-1100"  to 
1-240". 

S.  ampJncqjJiala  (K.).— Linear-oblong, 
with  produced,  rosti'ate,  capitate  apices ; 
stam-os  linear.  KB.  p.  105,  pi.  30.  f.  25. 
Germany,  France. 

B.  linearis  (E.). —Minute,  linear-ob- 
long, with  parallel  mai-ginal  lines,  at- 
tenuated at  the  apices  into  somewhat 
obtuse  beaks ;  staui-os  linear.  EA.  p.  135, 
pi.  1.  2.  f.  11.  America,  Em-ope.  Lough 
Mourne  deposit. 

S.  macrocepihala  (K.).— Linear,  slen- 
der, constricted  beneath  the  capitate 
apices;  transverse  strise  vei-y  dense. 
KA.  p.  ^2.  =  Stauroptera  inacrocephala, 
Rab  D.  p.  49.    France.  1-425". 

S.  platycephttla  =  Staurojitera  platycc- 
phala,  EM.  pi.  17.  2.  f.  9.  FossU.  Fin- 
land. Linear,  suddenly  constricted  be- 
neath the  dilated,  broadly  rounded  ends ; 
stauros  linear,  reaching  the  margm; 
sti'ite  parallel. 

S.  cxcellms  (Perty).— Stiiated,  broadly 
linear,  suddenly  contracted  into  broadly 
roimded,  mammifoi-m  beaks.  Perty,  Int. 
p.  205,  t.  17.  f.  11.  Alps.  Form  and 
size  of  S.  jilatystoma,  but  stiiated.  lt# 
nearest  ally  is  S.  microstaiiron,  E. ;  but  il 
is  lai-ger  and  somewhat  broader,  with 
less  broadly  rounded  ends.  _ 

S.  microstauron  (E.,  K.).  —  Sti-iatcd, 
linear,  suddenlv  constricted  beneath  tlu> 
broadlv  rounded,  subcapitate  np'cc^  ^ 
stam-os  linear.  KB.  p.  106,  pi.  29  f.  1  ■ 
=  Stauroptera  microstauron,  LA.  pi.  i.  -J- 
f.  1.    Asia,  Africa,  America. 

S.  monoyramma  (E.).— Oblong,  turgid 
at  the  middle,  and  contracted  at  each 
end  into  a  broad,  rounded,  conical  bealc. 
EA.  p.135;  TvB.  p.  105,  pi.  29.  f.  \>. 
Surinam.  Resembles  Achnanlhcs  rm- 
tricosa. 
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S.  granulata  (E.).  —  Bacillar,  ^^'itll 
tm-gid  middle  and  obtiise  ends;  trans- 
verse strire  gi-anulated.  =  Stauroptera 
yranulata,  EB.  1847,  p.  484.  Canton. 
1-480".  Allied  to  Fraf/ilaria  ?  vwsotyla, 
and  to  Achnantlies  ventricosa. 

5*  Valves  neither  constricted,  rostrate, 
nor  furnished  with  a  sigmoid  median 
line, 

t  Valves  lanceolate. 

S.  Phcenicenteron  (Nitzscli.,  E.).  — 
Large,  broadly  lanceolate  or  somewhat 
rhomboid,  gi-aduaUy  attenuated  into 
rather  obtuse  apices;  stam-os  slightly 
dilated  outwards,  reaching  the  margin ; 
stiife  fine.  EA.  pi.  2.  5.  f.  1;  SD.  i. 
p.  59,  pi.  19.  f.  185.  =Bacillaria  Phomi- 
ccnteron,  Nitzsch ;  Cymhella  Phoenicen- 
teron,  AD.  p.  10;  Navicida  Phcenicen- 
teron, E  Inf.  Common.  Eui-ope,  Asia, 
Afiica,  America,  (rs.  139 ;  xn.  17, 18.) 
1-400"  to  1-140". 

S.  ptei-oidea  (E.). — Large,  broadly  or 
shai-ply  lanceolate,  with  obtuse  apices, 
and  very  fine,  punctated,  transverse 
striae ;  stauros  linear,  reaching  the  mar- 
gin. EA.  p.  135;  EM.  pi.  3.  3.  f.  7. 
America.  Akia  to  S.  Baileyi;  larger 
than  S.  Phcenicenteron,  E. 

S.  Baileyi  (E.). — Large,  broadly  lan- 
ceolate, tapering  gradually  to  the  obtuse 
apices ;  sm-fiace  with  very  fine  longi- 
tudinal, undulated  lines  ;  staiu'os  linear, 
reaching  the  margin.  EA.  p.  134 ;  EM. 
several  figures.  America.  Aliin  to  S, 
Plicenicenteron  and  S.  pteroidea,  E. 

S.  amphilepta  (E.). — Lanceolate,  little 
acimiinated,  with  obtuse  apices ;  stauros 
linear;  striae  none,  or  indistinct.  EA. 
pi.  1.  2.  f.  9-13.  America,  Africa, 
Siberia.  It  is  scarcely  dietinct  from  S. 
Phoc^nicenteron. 

S.  gracilis  (E.).  —  Slender-lanceolate, 
gi-aduaUy  attenuated  into  obtuse  apices ; 
stam'os  linear,  scarcely  reaching  the 
margin;  strias  indistinct,  very  delicate. 
EA.  pi.  1.  2.  f.  14 ;  SD.  i.  p.  59,  pi.  19. 
f.  186.  America,  Europe,  Asia,  Africa. 
Smaller  and  more  slender  than  the  pre- 
ceding species. 

S.  apiculata  (Grev.). — Oval,  obtusely 
apiculate ;  stam-os  linear,  abbreviated ; 
striee  fine,  34  in  -OOl".  Edin.  New  Phil. 
Joum.,  U.S.,  X.  pi.  4.  f,  8.  Californian 
guano.  Inflated,  suddenly  contracted  at 
the  ends  into  conic  beaks;  stam'os  not 
reaching  more  tlian  halfway  from  the 
median  line  to  the  margin. 

S.  lanceolata  (K.).  —  Slender-lanceo- 
late, tapering  into  the  narrow,  subrostrate 


ends ;  stam-os  linear,  reaching  the  mar- 
o-in ;  striaB  obsolete  or  indistinct.  KB. 
S.  104,  pi.  30.  f.  24.  Falaise.  1-180" 
to  1-160". 

S.  Athintica  (E.).— Small,  lanceolate, 
with  obtuse  apices;  front  view  linear. 
EB.  1845,  p.  155.  In  pumice  from  the 
Isle  of  Ascension.  Akin  to  S.  atnpltUepta, 
but  more  obtuse.  1-1152". 

S.  salina  (Sm.).— Small,  slightly  con- 
tracted at  the  obtuse  apices;  stauros 
linear,  nearly  reaching  the  margin  ;  striae 
faint,  45  in  -001".  SD.  i.  p.  60,  pi.  19. 
f.  188.    Marine.  Britain. 

S.  minuta  (K.). — Smooth,  lanceolate, 
rather  obtuse,  three  times  as  long  as 
broad.  KA.  p.  89.  Thuringia.  1-1200", 

S.  duhia  (Greg.).  —  Minute,  smooth, 
narrow-lanceolate,  with  somewhat  trim- 
cate  apices ;  stam'os  linear,  nearly  reach- 
ing the  margin.  MJ.  iv.  p.  11,  pi.  1. 
f.  37.  Scotland.  When  examined  under 
a  high  power,  the  valve  exhibits  two 
parallel  lines  within  the  mai'gin  on  each 
side. 

S.  staurophoena  (E.).  —  Lanceolate, 
smooth,  slightly  contracted  at  the  sub- 
acute apices ;  stauros  linear,  not  reaching 
the  margin.  EA.  p.  135 ;  EM.  pi.  2. 3.  f.  11. 
North  America.  Distinguished  from  S. 
Phcenicenteron  by  its  abbreviated  stam-os, 

S.  Grregorii  (Ralfs). — Rhomboid-lan- 
ceolate, with  acute  apices ;  stam-os  lineai-, 
reaching  the  margin ;  striae  fine,  nearly 
parallel,  60  in  ■O0V'.=.Staiironeis  am- 
phioxys,  Greg.  TM,  iv.  p.  48,  pi.  5.  f.  23. 
Scotland.  Highly  convex,  and  even  in 
the  best  position  showing  the  mai-gin  aa 
a  broad  black  line,  Greg. 

S.  inanis  (Perty). — Striated,  lanceo- 
late or  elliptic-lanceolate,  with  very  fine 
tTansverse  striae.  Pei-ty,  Inf.  p.  206,  pi.  17. 
f.  7.  Alps.  In  form  neaa-ly  agreeuig  with 
S.  linearis,  E.,  but  striated. 

S.  lineolata  (E.). — Broadly  lanceolate, 
with  obtuse  apices,  and  parallel,  dotted, 
longitudinal  Imes ;  stam-os  linear.  EA. 
p.  135,  pi.  2.  1.  i.  19.  Cayenne. 

S.pmnila  (K.). — Minute,  eUiptic-lau- 
ceolate,  with  acute  apices,  and  short, 
marginal,  punctated,  transverse  striae ; 
stauros  reaching  the  margin.  KB.  p.  106, 
pi.  30.  f.  43.  Marine.  Christiania.  Fi-ont 
view  linear,  with  rounded  angles  and 
truncate  ends.    1-1440"  to  1-1080  '. 

S.  Achnanthes  (E.,  K.).  —  Lanceolate, 
with  obtuse  apices ;  striae  distinct,  ob- 
lique ;  stauros  linear,  reaching  the  mar- 
gin. KB.  p.  106,  t.  29.  f.  22.  =  Stauroptera 
Achnanthes,  EA.  p.  135,  pi.  3.  3.  f.  7; 
EM.  pi.  17.  1.  f.  10.  Australia,  Ame- 
rica, Falaise. 

3  N 
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S.  truncata  (Rab.).  —Minute,  oblong- 
lanceolate,  with  very  obtuse  apices ; 
stauros  linear;  striaj  distinct,  oblique, 
14  or  15  in  l-12QiO" .^Stauroptcra  trun- 
cata, Rab  D.  p.  49,  pi.  9.  f.  12.  Bosnia. 

S.  acrocephala  (Rab.). —Broadly  lan- 
ceolate; tm-gid  at  the  middle,  rapidly 
tapering  to  the  acute  apices;  stauros 
dilated  outwards,  reaching  the  margin  ; 
sti'ise  pimctate,  parallel.  Rab  D.  p.  48, 
pi.  9.  f.  19.  Saxony. 

S.  acuta  (S.).  —  Elongated  slender- 
lanceolate  or  rhomboid,  tapering  to  the 
subacute  apices;  stauros  conspicuously 
dilated  outwards,  reaching  the  margin  ; 
strice  oblique,  30  in  -001".  SD.  i.  p.  59, 
pi.  19.  f.  187.    Britain,    (vii.  76.) 

S.  pulchella  (S.).  —  Lanceolate,  or 
linear-lanceolate;  stauros  conspicuously 
dilated  outwards,  reaching  the  margm  ; 
striae  oblique,  very  distinct,  punctate, 
30  in  -001".  SD.  i,  p.  61,  pi.  19.  f.  194. 
Marme.  Britain.  (vn.  77.).  Front 
view  broad,  linear-oblong,  with  roimded 
angles  and  constricted  centre. 

S.  aspe)-a  (E.,  K.).— Turgid,  lanceo- 
late or  liaear-lanceolate,  with  subacute 
apices ;  strise  oblique,  pimctate-asperate ; 
stauros  abbreviated,  dilated  outwards. 
KB.  p.  \OQ.  =  Stauroptera  aspera,  EA. 
p.  134,  pi.  1.  1.  f.  12  ;  BC.  vii.  pi.  1. 1 18. 
America,  Europe.  Front  view  hnear, 
with  trimcate  ends. 

2t  Valves  oval  or  oblong. 

S.  Fenestra  (E.).— Small,  elliptic-ob- 
long, with  parallel  margkial  liues,  and 
obtuse,  cnneate  apices.  EA.  pi.  2.  1. 
f.  20.    America,  Japan. 

S.  Peckii  (Rab.).— Small,  oval,  with 
rounded  ends ;  costse  stout,  11  or  12  m 
1-1200";  stauros  linear,  reaching  the 
margra.  =  Staiiroptera  Peckii,  Rab  D. 
p.  49,  pi.  9.  f.  13.  Lusatia. 

S.  pohjgramma  (E.).— Elliptic-oblong, 
with  rounded  ends  and  longitudinal 
dotted  lines  ;  stauros  abbreviated.  EA. 
p.  135,  pi  2.  6.  f.  30.  Cuba. 

S.  semicruciata  (E.). — Very  large,  re- 
sembling Navicula  viridis,  but  having  the 
cnicial  umbilicus  of  Stam'oneis.  =  <S^aM- 
roptera  semicruciata.  EB.  1843,  p.  45. 
Asia. 


3t  Valves  linear. 
S.  dendrohutes  (E.).  —  NaiTOW-linear, 
with  obtuse  ends,  and  a  densely  and 
obliquely  striated  border;  front  view 
oblong-quadrate.  =  Stauroptcra  dendro- 
hatcs,%.  Under  moss  on  trees.  America. 

1-490".  „  . 

S.  Roraimo'  =  Staurnpfera  Boraimw, 


EM.  pi.  34.  5  A.  f.  9.  Linear,  with  cu- 
neate  ends,  a  transverse  median  line,  and 
parallel  stiiiB. 

S.  ohlom/a  (Bail.). — Linear,  with  acute, 
cuneate  ends,  and  oblique  punctato-as- 
perate  stria3 ;  stauros  abbreviated,  dilated 
outwards.  =  (S'iawrop^era  uhlonya,  BC.  vii. 
p.  10,  pi.  1.  f.  17.  America.  The  size 
and  markings  of  Stauroptcra  aspera, 
E.,  but  having  its  valves  oblong,  -with 
parallel  sides,  and  acute  angular  ends. 
Bailey. 

S.  Isostauron  (E.,  K.).  —  Elongated, 
linear,  with  broadly  rounded,  slightly 
attenuated  ends ;  stam-os  linear,  reaching 
the  margin ;  stiise  parallel.  KB.  p.  100. 
—  Staiiroptera  Isostauron,  EA.  p.  135; 
EM.  pi.  16.  1.  f.  7.  Labrador,  Sweden, 
Finland,    (xn.  73.) 

S.  Liostauron  (E.).— Styliform,  lineai-- 
oblong,  with  scarcely  attenuated,  rounded 
apices ;  stam'os  Iraear.  EA.  p.  135 ; 
EM.  pi.  5.  1.  f.  16.  Iceland. 

Doubtful  Species. 
S.  ?  expUcata  (Perty).  —  Small,  not 
stiiated,  with  roimded  ends,  and  much 
inflated  centre  (cruciform) ;  enlarge- 
ments acute.  Pert}'  Inf.  p.  205,  pi.  17. 
f.  10,  Alps.  About  the  size  of  S.  ven- 
tricosum,  K.,  but  still  more  inflated  at 
the  middle,  and  the  iaflations  pointed, 
not  roimded,  Pei-ty.  The  figm-e  has  no 
median  line  or  other  markings,  and  re- 
sembles a  Biblaiium  rather  than  a  Stau- 
roneis. 

S.  mesogongyla  (E.).  —  Lateral  view 
linear,  with  rounded  ends  and  gibbous 
centi-e;  ti-ansverse  strise  parallel,  inter- 
inpted  by  a  ti-ansverse  central  band. 
Probably  a  Navicula,  since  the  figure 
shows  a  small,  definite  centi-al  nodule. 
EM.  pi.  6.  1.  f.  7.    Guiana.  Fossil,  San 

Fioro.  „  ,^   .  , 

S.  gihha  (E.,  K.).— Form  of  Navicula 
gibba,  but  fiimished  with  an  imperfect 
transverse  fascia.  KB.  p.  107,  pi.  29. 
f.  24.  =  Stauroptcra  ?  gihha,  EA.  p.  ISn, 
pi.  1.  2.  f.  3.  America,  Africa,  The 
figure  represents  a  Navicida  with  the 
strice  shorter  opposite  the  dilated  um- 
bilical space. 

S.  paucicostata  (Rab.).— Small,  linear, 
with  inflated  centre,  and  dilated,  rounded 
apices ;  costa3  distant,  4  or  5  in  1-1200", 
much  inclined.  =  Stauro2)tera  pauci- 
costata, Rab  D.  p.  49,  pi.  9.  f.  15.  Eu- 
rope. The  figure  shows  a  rhomboid 
umbilical  space  resembling  the  dilated 
nodule  seen  in  many  NaAiculse,  but  not 
a  true  stauros. 

S.   mnmhtn   (Bail).  —  Ovnl,  with 
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slightly  produced,  mammifomi  apices ; 
siu'l'ace  pimctato-striate,  with  a  large 
smooth  central  space.  BMO.  p.  40, 
pi.  2.  f.  82.  Florida.  Resembles  S. 
punctata,  K.,  but  is  larger,  and  has  the 
ends  not  so  much  produced.  The  figm-e 
shows  a  dilated  umbilical  space  rather 
than  a  true  stam-os. 

S.  scalaris  (E.,  K.). — Small,  linear- 
oblong,  with  roimded  ends ;  costtB  stout, 
parallel,  12  in  1-1200",  not  reaching  the 
median  line.  KU.  p.  106.  =  Stauroptera 
scalaris,  EA.  pi.  4.  2.  f.  3.  Labrador, 
(xii.  10,  14,  30.)  Scai-cely  belonging  to 
thisgenus,  since  Ehrenberg's  figm-es  show 
a  definite  central  nodule.  It  differs  from 
Navicula  borealis  by  its  coarser  costte  and 
their  inten'uption  opposite  the  median 
nodule. 

S.  amphioxys  =  Stauroptera  amphioxys, 
EM.  pi.  6.  1.  £  14.  Fossil.  Santa  Fiore. 
Ehrenberg's  fig^e  represents  an  elon- 
gated, naiTow-lanceolate  Navicula,  with 
acute  apices,  and  a  minute  centi-al  nodide 


which  is  not  dilated  into  a  stauros ;  strije 
radiant. 

S.  perec/rina  =  Stauroptera  pcrcgrina, 
EM.  pi.  6."  1.  f.  15.  Fossil.  Santa  Fiore. 
Ehi-enberg's  figure  represents  a  small, 
lanceolate  Navicida,  with  a  minute 
central  nodule,  but  no  staui'os ;  sti-iae 
radiant. 

S.  ?  ovalis  (Greg.). —  Small,  smooth, 
oval ;  staui-os  broad,  indistinct,  reaching 
the  mai'gin.  MJ.  iv.  p.  11,  pi.  1.  f.  36. 
Britain.    Perhaps  a  Cocconeis. 

Species  from  Ehrenherg  known  to  us 
only  by  name, 

S.  pusilla,  S.  sphmroplioron,  S.  Indica, 
S.  Placentiila,  S.  Holoyramma,  S.  gibbosa, 
S.  JEthiopica,  S.  Amphisbaina,  S.  Capensis, 
S.  Galapagica,  S.  decurrens,  S.  brevirostris, 
Stauroptera  nobtUs,  Stauroptera  leptoce- 
phala,  Stauroptera  Distaiiridium,  Stau- 
roptm-a  Braziliensis,  Stauroptera  Tabel- 
laria,  S.  asperida,  Stauroptera  Siamensis, 
Stauroptera  trinodis. 


Genus  STAUEOGEAMMA  (Eab.).— Like  Stauroneis,  but  with  decussating 
striae,  and  prominent  knots  at  the  intersections,  Eab. 

median  line  dilated  towards  the  ends. 
RabD.  p.  50.  =  Stauroptera  decussata, 
Eab  D.  pi.  9.  f,  14.    Persia,    (vm.  36.) 


Stathiogbamma  Persicum  (Eab.). — 
Oblong-lanceolate,  with  tnmcate  apices ; 
stam-os  linear,  reaching  the   margin ; 


Genus  PEOEOSTAUEOS  (E.).  —  Frustules  simple,  free ;  with  the  cha- 
racters of  Stauroneis,  except  that  its  terminal  puncta  ia  the  front  view  are 
approximate  and  not  lateral.  We  doubt  whether  this  genus  can  be  separated 
from  Stam-oneis ;  for,  if  we  understand  Ehrenberg's  definition,  the_  apparent 
position  of  the  terminal  puncta  depends  upon  the  greater  convexity  of  the 
lateral  valves,  which  therefore  appear,  in  the  front  view,  like  a  border  on 
each  side  of  the  connecting  zone,  and  the  puncta  are  within  the  angles.  The 
species  are  imknown  to  us.    EB.  1843,  p.  136. 

Peobostaubos  splendens(E.^. — Eiver 


Senegal. 


v.?  subulatus?  (E.). — Senegal,  Cape  of 
Good  Hope.  At  first  si^ht  it  reminds 
one  of  Gomphonema  gractle,  E. 


Genus  PLEUEOSIPHONIA  (E.).  — The  characters  of  this  genus  are 
unknown  to  us ;  but,  from  Ehrenberg's  figure  of  P.  affinis,  we  think  it  is 
probably  identical  with  Mastogloia. 


PLBUBOsrPHONiA  affinis  (E.).  —  Ob- 
long-lanceolate, with  capitate  ends,  me- 
dian line  and  nodules,  and  a  marginal 
band  of  transverse  8tris3.  EB.  1856, 
p.  .32.  =  Fragilaria  Navicida,  E.  1841 ; 
EM.  33. 1.  f.  14.    Arabia,  Afiica,  Peru. 


Species  known  only  by  naine. 
P.  A7nphisboena  (E.),  Ai'abia,  Africa, 
Peru,  Mexico ;  P.  fulva  (E.),  Arabia, 
Africa;  P.  Phmiicimteron  (E.),  Arabia,, 
Africa ;  P.  Libyca  (E.),  Afi-ica ;  P.  obtusa 
(E.),  Aftica;  P.  gracilis  (E.)  Afiica. 


Genus  PLEUEOSIGMA  (Smith)  (Gyrosigma,  Hassall,  Babenhorst,  &c.). 
— Frustules  simple,  free,  elongated  ;  front  view  linear  or  lanceolate,  narrower 
than  the  lateral  view ;  valves  depressed  or  slightly  convex,  sigmoid  (rarely 
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straight),  with  a  sigmoid  median  line,  central  and  terminal  nodules,  and  fine 
decussating  striae,  which,  are  resolvable  into  dots.  Pleurosigma  is  distinguished 
from  Donldnia  and  Amphiprora  by  the  elongated- narrow  front  view  and 
more  depressed  valves.    The  median  line,  also,  is  sigmoid,  whilst  in  those 
genera  it  is  usually  straight,  or  appears  sigmoid  merely  from  the  twisting  of 
the  frustule.    This  genus  was  first  separated  by  Dr.  Hassall  from  Navicula, 
under  the  name  of  Gyrosigma.    Hassall,  however,  hke  Ehrenberg,  erroneously 
considered  it  identical  with  the  Sigmatella  of  Kiitzing,  whereas  they  belong 
to  very  distinct  families ;  and  even  their  sigmoid  forms  belong  to  different 
surfaces,  Sigmatella  having  it  in  the  front,  and  this  genus  in  the  lateral  view. 
Gyrosigma  has  been  adopted  by  Eabenhorst  and  others ;  nor  do  we  think  the 
name  so  objectionable  as  to  render  its  rejection  necessary.   If,  then,  we  admit 
Professor  Smith's  name,  we  do  so  for  the  reasons  given  by  Brebisson  : — 
"  Gyrosigma  (Hass.). — Peutetre  ce  dernier  nom  de  genre  n'etait-il  pas  bien 
convenable  selon  les  lois  de  la  nomenclature ;  dans  tons  les  cas,  il  est  certain 
que,  malgre  son  droit  de  priorite,  il  est  a  pen  pres  generalement  abandonne. 
D'ailleurs,  on  est  d'autant  moins  dispose  a  reprocher  ce  changement^  de  nom 
a  M.  W.  Smith,  que  le  soin  tout  monographique  qu'il  a  apporte  a  I'etude  des 
nombreuses  especes  de  Pleurosigma  qu'il  a  decouvertes,  en  fait  un  genre  tout 
a  lui  "  (Breb  DC.  p.  17).    Ehrenberg  does  not  admit  Pleurosigma,  because  it 
"  does  not  differ  in  its  physiological  characters  from  Navicula  "  (EB.  1854, 
p.  236). 


*  Frustules  rostrate. 

t  Beaks  filifoi-m. 

V'L^VB.osiQMAFasciola  (E.,  S.). — Tm-- 
gid-lanceolate,  with  long  hnear  beaks 
abraptly  curved  in  contrary  du-ections ; 
strife  64  in  -001",  indistinct.  SD.  i.  p.  67, 

El.  21.  {.  111.=  Ceratonds  Fasciola,  E. 
larine.  Europe,  (xii.  60,  61.)  Colour  of 
dry  valve  pale-pink.  1-430".  Mr.  SoUitt 
states  this  Diatom  near  HuU  is  veiy 
small,  the  markings  90  in  '001",  while 
those  from  Boston  in  Lincolnshke  are 
large,  with  only  50  sti-ise  in  -001". 

P.  macrum  (S.). — Elongated  slender- 
lanceolate,  with  very  long  filiform  beaks 
cui-ved  in  contrary  directions ;  transverse 
strise  85  in  -001",  very  indistinct.  SD. 
i.  p.  67,  pi.  31.  f.  276.  Brackish  water. 
England. 

P.  prolongatum  (S.).  —  Narrow-lance- 
olate, gradually  tapering  into  slender 
beaks  curved  in  contrary  directions; 
transverse  striae  65  in  -001",  mdistinct. 
SD.  i.  p.  67,  pi.  21.  f.  212.  Marine. 
England. 

P.  arcuatum  (Donlrin).  —  Turgid-lan- 
ceolate, straight,  with  long,  very  slender, 
strongly  arcuate  beaks  cm-ved  in  con- 
trary directions ;  sti-ife  obscui-e  ;  median 
luie  straight,  central.  TM.  yi.  p.  25, 
pi  3  f  10.  Marine.  England.  Closely 
aliied  to  P.  macrum,  but  distinguished 
from  it  by  the  long,  strongly  arcuate 
beaks.  Dry  vnlves  very  pale-brown. 
(Donlrin.) 


2  t  Beaks  short,  stout. 

P.  distoHum  (S.)_.— Stout,  turgid-lan- 
ceolate, prodiiced  into  short,  broad,  ob- 
tuse, subrostrate  extremities,  which  ai-e 
abruptly  bent  in  contrary  •  directions  ; 
transverse  striae  obscure,  75  in  -OOl" ; 
median  line  centi-al.  SD.  i.  p.  67,  pi.  20. 
f.  210.  Marine.  England.  Small;  colour 
pale  pink.  1-320". 

P.  ^stuarii  (Br^b.,  S.).  —  Broadly 
lanceolate,  rapidly  tapeiing  into  sub- 
rostrate, obtuse  ends;  median  line  di- 
agonal, submarginalnear  the  ends  ;  strise 
oblique,  54  in  -001"  ;  colour  pale  purple. 
SD.  i.  p.  65,  pi.  31.  f.  275.  =  Navi- 
cida  jEstiiarii,  KA.  p.  890;  Gyrosigma 
jEstuarii,  Br6b.  Marine.  Em-ope. 
Kather  smaU;  1-290".  Habit  of  P. 
TImringiciim,  but  smaller,  paler,  and 
without  the  marginal  notch,  Kutz. 

P.  morale  (S.).  —  Tui'gid-lanceolate, 
rapidly  attenuated  into  the  curved,  sub- 
rosti-ate,  somewhat  acute  ends  ;_  loiigit[i- 
dinal  striae  conspicuous,  24  m  -001  , 
transverse  50  in  -001";  colour  pur- 
plish. SD.  i.  p.  67,  pi.  22  f.  ^14. 
Marine.  Europe.  1-200"  ;  median  hue 
subcentral. 

2  *  Vakes  gibbous  at  the  middle. 
P.  Sinensis  (E.).  —  Large,  elongated, 
broadly  linear,  flexuose,  sigmoid,  with 
gibbous  centre  and  broadly  roxmdeil, 
somewhat  incrassated  ends,  which  are 
curved  in  contraiy  directions.  =  i\'arfr!^/rt 
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Sinensis,  EB.  1847,  p.  481 ;  EM.  pi.  34.  7. 
f.  11.    China.  1-80". 

P.  reversum  (Greg.).  —  Elongated 
narrow-linear,  with  iniiated  or  lanceolate 
centre,  and  dilated  ends  which  are  tiu'ned 
in  contrary  directions  ;  median  line  sig- 
moid, siibceutral  except  near  the  ends ; 
strise  extremely  fine.  GDC.  p.  58,  pi.  6. 
f.  105.  Mai-ine.  Scotland.  This  form 
may  be  identical  with  P.  Sinensis;  but 
the  valves  are  naiTOwer  and  with  less- 
rounded  apices  than  in  Ehrenberg's 
figure  of  that  species. 

3  *  Valves  linear. 
■  P.  Balticiim  (E.,  S.).— Large,  broadly 
linear,  sti'aight,  except  towards  the 
attenuated  obtuse  ends,  which  are  curved 
in  contrary  directions  ;  longitudinal  and 
transverse  striae,  38  in  -001";  colour 
dark  brown.  SD.  i.  p.  66,  pi.  22,  f.  207. 
=Navicula  Baltica,  E  Inf.  pi.  13.  f.  10  ; 
Gyrosigina  Balticum,  Rab  D.  p.  47,  pi.  5. 
f.  6;  P.  makron,  Johnston,  MJ.  viii. 
Maiine  or  brackish  waters.  Common, 
(vm.  33;  ix.  144.)  1-70".  Median 
line  flexuose,  subcentral. 

P.  obsmrum  (S.). — Small,  linear,  with 
attenuated,  rather  obtuse  ends ;  median 
line  very  flexuose,  not  central ;  striae  ob- 
lique, 75  in  -001".  SD.  i.  p.  65,  pi.  20. 
f.  206.  Marine  or  brackish  waters.  Britain. 
Var.  ^  smaller.  1-193" ;  colom*  pale  pink ; 
median  line  marginal  near  the  ends. 

P.  simum  (E.).  —  Small,  linear,  with 
the  ends  obliquely  rounded  on  opposite 
sides ;  median  line  sigmoid,  nearly  cen- 
tral. =  Navicula  sima,  EB.  1845,  p.  363  ; 
EM.  pi.  34.  7.  f.  9.    India.  1-430". 

P.  Scalpellum  (K.).  —  Small,  linear, 
slightly  sigmoid,  gradually  attenuated 
into  the  obtuse  apices  ;  median  line  sub- 
central.  =  Navicula  Scalpellum,  KA.  p.  85 ; 
KB.  pi.  30.  f.  13  ;  Gyrosigma  Scalpellum, 
Rab  p.  p.  47,  pi.  5.  f.  10.  Trinidad, 
Persia. 

P.  Sciotoensis  (Sullivant).  —  Linear, 
moderately  sigmoid,  gi-adually  attenu- 
ated into  the  rather  obtuse  ends ;  stiise 
transverse  and  longitudinal,  40  in  -001". 
SiUiman's  J.  xxvii.  p.  251.  Fresh  water. 
United  States.  -001".  "  Not  imlike  P. 
Spencei-ii,  for  which  it  has  passed  as  a 
variety ;  but  it  is  a  larger  species,  with 
sides  more  parallel  and  ends  less  acute. 
Its  striation  at  once  distinguishes  it " 
(Sull.). 

4  *  Vakes  lanceolate  or  linear-lanceolate. 
t  Valves  linear-lanceolate. 
P.  Wanabeckii  (Donkin). — Linear-lan- 


ceolate, with  tapering,  subacute,  slightly 
sigmoid  ends;  median  lines  sigmoid, 
not  central ;  longitudinal  and  transverse 
striffi,  about  50  in  '001".  Donkin,  TM. 
vi.  p.  24,  pi.  3.  f.  7.  =P.  Balticum,  0,  SD. 
Maiine.  England.  Pale  sti-aw-coloured. 
•0045"  to  -005".  Much  smaller  than  P. 
Balticum,  and  with  more  numerous  stiiae. 

P.  lamprocampum  (E.).  —  Slender, 
narrowly  linear-lanceolate,  tapering  to 
the  rather  obtuse  apices ;  sigmoid,  with 
fine  transverse  striae ;  median  line  cen- 
tral; front  view  linear.  =iVay«c?<^a  lam- 
procampa,  EB.  1840,  p.  20 ;  KB.  p.  102, 
pi.  4.  f.  5  ;  Gyrosigma  lamprocampum, 
Rab  D.  p.  47,  pi.  5.  f.  9.  Maiine.  Em-ope, 
1-144". 

P.  curvulum  (E.). — Linear-lanceolate, 
with  rather  obtuse  apices,  sigmoid.  = 
Navictila  curvula,  E  Inf.  pi.  13.  f.  14 ; 
Gyrosigma  curvulum,  Rab  D.  p.  47,  pi.  5. 
f.  8.    Em-ope,  America. 

P.  speciosum  (S.). — Lineai'-lanceolate, 
flexed  chiefly  at  the  somewhat  abrupt, 
obtuse  ends ;  median  line  submarginal 
near  the  ends  ;  striae  oblique,  44  in  -001" ; 
SD.  i.  p.  63,  pi.  20.  f.  197.  England. 
Pale  straw-colom-.  1-85".  It  is  shorter, 
less  tapering,  and  has  more  rounded 
apices  than  P.  formosum ;  the  median 
line  also  is  not  diagonal  at  the  centre. 

7.  formosum  (S.). — Large,  elongated, 
linear-lanceolate,  much  flexed,  gi-adually 
tapering  to  the  obtuse  apices  ;  median 
line  diagonal ;  stiiae  oblique,  36  in  -00 1", 
SD.  i.  p.  63,  pi.  20.  f.  195.  Mai-ine.  Eng- 
land, (vm.  32.)  Colour  chestnut-brown. 
1-66".  Well  distinguished  by  the  po- 
sition of  its  median  line,  which,  owing 
to  a  twist  in  the  valves,  appears  to  coin- 
cide with  the  edges  for  a  considerable 
distance  at  either  end,  and  then  crosses 
in  a  diagonal  direction. 

P.  Longinum  (Bri.).  —  Lanceolate, 
flexm-e  moderate,  exti-emities  gi-eatly 
elongated,  acute;  median  line  centi-al; 
stiiae  ti-ansverse,  36  in  -001".  -020"  to 
•025".  Coloiu-  pale  straw.  TM.  vii. 
p.  180,  pi.  9.  f.  7.    Arctic  regions. 

P  sinuosum  (E.).  —  Small,  stiiated, 
linear-lanceolate;  8tria3  15  in  1-1200". 
1-480".  =  Navicula  sinuosa,  EB.  1840, 
p.  21.  Marine.  Europe.  Has  the  figure 
of  P.  simum,  but  is  more  slender. 

P.  subtile  ^Br(5b.). — Veiy  slender,  pel- 
lucid and  delicate  ;  slightly  sigmoid,  very 
narrow  linear-lanceolate,  subuliform  with 
rather  obtuse  apices.  =  Navicula  subtilis, 
KA.  p.  87.  Marine.  Fi-ance.  1-160" 
to  1-120". 

P.  tenuissimum  (S.).  —  Very  narrow 
linear-lanceolate,  gi-adually  tapering  to  a 
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fine  point ;  transverse  stria3  48  in  -001 " ; 
median  line  central.  SD.  i.  p.  67,  pi.  22. 
f.  213.    Brackish  water.  Essex. 

P.  Apulum  (Eab.).  —  Slender-lanceo- 
late, mucli  curved,  with  obtuse  ends, 
ti-ausverselv  striated ;  front  view  broadly 
linear.  Eab  D.  p.  47,  pi.  5.  i.  7.  Italy. 
In  the  figiu'es  the  valves  are  linear,  very 
but  not  symmetrically  sigmoid,  with 
tapering  ends  and  centi-al  median  line. 

2 1  Valves  lanceolate,  with  obliq^ue  strise. 

P.  delicatulum  (S.).  —  Slender-lance- 
olate, gi'adually  tapering  to  the  acute 
apices  ;  flexm-e  moderate  ;  median  line 
centi'al ;  stri^  oblique,  64  in  -001".  SD. 
i.  p.  64,  pi.  21.  f.  202.  Brackish  water. 
Britain.  Length  1-112";  breadth 
1-1500".    Colour  pale  pink. 

P.  inflattim  (Shadbolt).  —  Small, 
broadly-lanceolate,  with  acute  apices ; 
median  line  central,  much  flexed,  as  well 
as  the  valve ;  sti-ise  oblique.  TM.  ii. 
p.  16,  pi.  1.  f.  9.    Marine.  Natal. 

P.  decorum  (S.).  —  Large,  elongated, 
rhomboid-lanceolate,  uniformly  flexed, 
gTadually  tapering  to  the  subacute  apices; 
strife  oblique,  36  in  -001"  ;  median  line 
diagonal,  marginal  near  the  ends.  SD.  i. 
p.  63,  pi.  21.  f.  196.  Brackish  water. 
England.    Colour  pale  chestnut. 

P.  angulatum  (Quekett,  S.).  —  Large, 
broad,  sigmoid,  rhomboid-lanceolate, 
rapidly  tapering  to  the  subacute  apices ; 
median  line  somewhat  diagonal;  strife 
oblique,  52  in  -OOl".  SD.  i.  p.  65,  pi.  21. 
f.  205.  =  Navicida  angidata,  Quekett, 
Microsc.  p.  438,  pi.  8.  f.  4  to  7.  Marine. 
Britain.  Coloui-  pale  chestnut ;  ■  flexui-e 
moderate. 

P.  quadratum  (S.).  —  Large,  very 
broad  rhomboid,  rapidly  tapering  to  the 
subacute  apices,  which  are  slightly  flexed; 
strife  oblique,  45  in  -001"  ;  median  line 
central.  SD.  i.  p.  65,  pi.  20.  f.  204.  =  P. 
angulatum,  ANH.  2na  series,  ix.  p.  7. 
Marine.  Em-ope.  Colour  chestnut; 
length  1-110"_;  breadth  1-428".  Easily 
recognized  by  its  very  broad  angular  form. 

P.  lanceolatum  (Donkin).  —  Sti-aight, 
broadly  lanceolate,  acute ;  median  line 
straight  or  gently  sigmoid,  with  the  ter- 
minal nodules  tm-ned  in  contrary  direc- 
tions ;  8tria3  very  fine,  oblique,  about  70 
in  -001".  TM.  vi.  p.  22,  pi.  3.  f.  4.  =  P. 
tramversale,  13,  Mr.  Roper.  Marme.  Eng- 
land. Straw-coloured;  -0056"  to -000" ; 
front  view  narrow  linear-lanceolate. 
The  extremely  fine  strife  require  tlie 
most  careful  manipulation  with  very 
oblique  light,  to  render  them  visible  with 
a  superior  l-5th  objective. 


P.  navtculaceum  (Brdb.).  —  Rather 
small,  lanceolate,  straight,  gradually 
tapering  to  the  obtuse  apices,  which  are 
slightly  tm-ned  in  contrary  directions ; 
median  line  sigmoid,  not  central ;  strife 
very  fine,  oblique.  B.  Diat.  of  Cherboiu'g, 
1854,  p.  17,  f.  7.  =  Gyrosigma  transver- 
sal, Microg.  Diet.  pi.  11.  f.  37,  38 ;  P. 
transversalc,  SD.  li.  p.  96.  Marine. 
Common,  especially  in  deep  waters.  This 
species,  viewed  laterally,  greatly  resem- 
bles a  Navicida  in  its  lanceolate  straight 
fonn.  Its  apices  are  only  slightly  in- 
clined to  opposite  sides.  The  median 
line,  however,  is  sigmoid,  and  the  strise 
are  oblique  and  decussating. 

P.  marinum  (Donkin). —  Broadly  lan- 
ceolate, straight,  slightly  sigmoid  near 
the  obtuse  ends ;  median  line  sigmoid  on 
each  side  of  the  centi'al  nodule;  stiise 
oblique.  TM.  vi.  p.  22,  pi.  3.  f.  3.  Marine. 
Northumberland.  Sti-aw-coloured ;  stiise 
about  45  to  50  in  -001".  -0055"  to  -006". 
The  well-marked  sigmoid  flexm-e  of  the 
median  line  on  both  sides  of  the  central 
nodule  distinguishes  this  species,  and 
renders  it  easy  of  recogiiition. 

P.  Nuhemla  (S.).— Small,  lanceolate, 
nearly  straight,  with  obtuse  apices,  cen- 
tral median  line,  and  55  oblique  strise  in 
•001" ;  colour  veiy  pale.  SD.  i.  p.  64, 
pi.  21.  f.  201.    Maiine.  England. 

P.  intermedium  (S.). — ^Elongated,  pale 
sti-aw-colom-,  slender  lanceolate,  nearly 
straight,  tapering  to  the  subacute  apices ; 
median  line  subcentral;  strise  oblique, 
55  in  -001".  SD.  i.  p.  64,  pi.  21.  f.  200. 
Marine.  England. 

P.  rigidum  (S.).— Large,  stout,  pale 
straw-colour,  lanceolate,  nearly  straight, 
with  rounded  apices ;  median  line  cen- 
tral; stiiss  oblique,  48  in  -001".  SD. 
i.  p.  64,  pi.  20.  f.  198.  Marine.  England. 

P.  validum  (Sh.).— Large ;  lanceolate, 
nearly  sti'aight,  with  very  obtuse  apices, 
oblique  strife,  and  slightly  flexed  median 
line.  MT.  ii.  p.  16,  pi.  1.  f.  8.  Marine. 
Natal. 

P,  elongatiim  (S.).  —  Large,  much 
elongated,"  lanceolate,  gradually  tapermg 
to  the  acute  apices,  nearly  straight,  ex- 
cept at  the  ends,  which  are  slightly 
cm-ved ;  sti-ise  oblique,  48  in  -001" ; 
median  line  nearlv  straiglit.  SD.  i.  p.  64, 
pi.  20.  f.  199.  Marine.  England.  Clear 
sti-aw-colom-.  Length  1-75";  breadth 
1-920". 

P.  striqosum  (S.).  —  Large,  elongated, 
broadly  lanceolate,  gradually  attenuated 
to  the  obtuse  apices  ;  flexure  slight ;  me- 
dian line  not  central  near  the  ends; 
strias  oblique,  44  in  -001".    SD.  i.  p.  64, 
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pi.  21.  f.  203.  Mai-ine.  Britain.  1-90" ; 
coloiu-  pale  straw;  front  view  narrow 
linear-lanceolate,  with  obtuse  apices. 

8  t  Valves  lanceolate,  with  longitudinal 
and  transverse  strire. 

P.  obtusatiim  (Sidlivant).  —  Oblong- 
lanceolate,  slightly  sigmoid,  with  obtuse 
apices;  -0025";  strias  transverse  and 
longitudinal,  56  in  -001".  SiUiman's  J. 
xxvii.  p.  251.  Fresh  water.  United 
States.  A  very  small  species,  remark- 
able for  the  obtuse  ends.  It  may  be  a 
CoUetonema,  but  we  have  not  observed 
it  in  gelatinous  envelopes. 

P.  Spenceri  (Quekett,  S.).  —  Small, 
lanceolate,  moderately  flexed,  gi-adua-Uy 
tapering  to  the  obtuse  apices;  median 
line  centi-al ;  sti'ifB  very  fine,  ti-ansverse 
50  in  -001",  longitudinal  55  in  -001". 
SD.  i.  p.  68,  pi.  22.  f.  2lQ.  =  Navicula 
/5^je?icerj, Quekett.  Freshwater.  America, 
Europe.    Colour  pale  brown.  1-270". 

P.  Parhen  (Harrison).  —  Lanceolate, 
considerably  flexed,  apices  produced, 
median  line  centi-al ;  striae  transverse, 
55  to  60  in  -001";  longitudinal  strias 
faint ;  colom"  pale  yellow.  Lincoln- 
shire.   MJ.  viii.  p.  105. 

P.  Wortnlerjii  (SuUivant^.  —  Lance- 
olate, conspicuously  sigmoid,  suddenly 
attenuated  into  acute  apices;  -003"; 
sti-ise,  longitudinal  and  transverse,  52  in 
•001".  Silliman's  J.  xxvii.  p.  251.  Fresh 
water.  United  States.  Resembles  P. 
Spenceri,  but  is  a  smaller  species,  more 
evidently  sigmoid,  and  with  rather  ab- 
ruptly attenuated  ends ;  its  striae  are 
more  difficult  to  resolve,  and  the  texture 
of  its  valves  is  thinner. 

P.  lacustre  (S.). — Lanceolate,  consider- 
ably flexed,  gradually  tapering  into  the 
obtuse  apices ;  longitudinal  and  trans- 
verse striae,  48  in  '001";  median  line 
subcentral.  SD.  i.  p.  68,  pi.  21.  f.  217. 
Fresh  water.    England.  1-144". 

P.  TJiuritif/icum  (K.). — Lanceol.ate,  sig- 
moid, gradually  attenuated  to  the  sub- 
acute apices,  obsoletely  notched  at  the 
middle  of  each  margin;  median  line 
central;  stiite  wanting  or  indistinct.  = 
Navicida  TImringica,  KB.  p.  102,  pi.  4. 
f.  27  ;  Gy)-osigma  TImrinrjicum,  Rab  D. 
p.  47,  pi.  5.  f.  4.  Thuringia.  Front 
view  naiTow-linear ;  1-204"  to  1-168". 

P.  Agellus  (E.).  —  Large,  lanceolate, 
flexed,  gradually  tapering  to  the  obtuse 
apices,  marked  longitudinally  with  very 
fine  lines,  and  thus  appearing  furrowed  ; 
median  line  cenim\.  =  Navicula  Aq alius, 
EB.  1840,  p.  18;  EM.  pi.  15  a.  f.  31; 
Gyrosigma  Agellus,  Rab  1).  p.  47.  Fi-esh 


water.  Germany,  Lough  Moume  deposit, 
Siberia.  Front  view  nearly  linear,  with 
subacute  apices ;  180".  Is  more  slender 
and  longer  than  P.  Hippocampus,  E. 

P.  attenuatmn  (K.,  S.).— Large,  elon- 
gated, flexed,  lanceolate,  gradually  at- 
tenuated mto  the  obtuse  apices ;  lon- 
gitudinal strife  30,  and  transverse  40  in 
•001" ;  median  line  central.  SD.  i.  p.  68, 
pi.  22.  f.  216.  =  Navicula  attenuata,  KB. 
p.  102,  pi.  4.  f.  28 ;  Gtjrosigma  attenuatmn, 
Rab  D.  p.  47.  Fresh  water.  Europe. 
1-120".  Colour  purplish  brown;  front 
view  narrow-lanceolate,  with  trimcate 
ends. 

P.  cuspid atum  (Rab.).  —  Slender-lan- 
ceolate, very  much  flexed,  with  long, 
tapering,  obtuse  ends ;  median  line  cen- 
tral. =  Gyrosigma  cuspidatum,  Rab  D. 
p.  47,  pi.  5.  f.  5,  6.  Fresh  water.  Europe, 
America.  It  is  always  mixed  with  P. 
acuminatum. 

P.  acuminatum  (K.,  S.). — Lanceolate, 
tapering  into  the  obtuse  apices ;  flexure 
considerable ;  median  line  central ;  lon- 
gitudinal striae  40  in  -001",  transverse 
52  in  -001".  SD.  i.  p.  66,  pi.  21.  f.  209. 
=  Navicula  acuminata,  KB.  p.  102,  pi.  4. 
f.  26 ;  Navicida  Sigma,  EB.  1843,  p.  209 ; 
Gyrosigma  Hassullii,  Rab  D.  p.  47. 
Marine.  Eiu'ope,  Asia,  Afiica,  America, 
(ix.  146.)  Fi'ont  view  narrow-linear, 
with  obtuse  apices ;  1-162" ;  colour 
pale  brown. 

P.  Sippocampm  (E.,  S.).  —  Lai'ge, 
elongated,  broadly  lanceolate,  obtuse ; 
flexui'e  considerable ;  coloiu'  pale  brown.; 
striae  as  in  P.  attenuatum ;  median  line 
central.  SD.  i.  p.  68,  pi.  22.  f.  215.  = 
Navicula  Hippocampus,  E  Inf  pi.  13.  f.  9  ; 
Gyrosigma  Hippocampus,  HBA.  pi.  102. 
f.  11 ;  Rab  D.  p.  47.  Marine.  Europe. 
(IX.  145.)  1-166"  ;  front  view  linear, 
truncate. 

P.  Strigilis  (S.).  —  Large,  much  elon- 
gated, lanceolate,  imifornily  tapering  to 
the  subacute  apices,  flexed ;  median  line 
central ;  strife,  transverse  and  longitu- 
dinal, 36  to  40  in  •OOl".  SD.  i.  p.  66, 
pi.  22.  f.  208.  Brackish  water.  En<rfand. 
Length  1-80";  breadth  1-830" ;  coloiu- 
pale  brown.  Notable  for  its  graceful 
form  and  distinct  strias. 

P.  Scalprum  (GaiUon).  —  Small,  sig- 
moid, gi-adually  attenuated  into  the 
rather  obtuse  apices,  longitudinally 
striated.  =  Cymbdla  Scalprum,  AD,  p.  11 ; 
Navicula  Scalprum,  E.  luf  ;  KB.  pi.  4. 
f.  25.  Marine.  Eiu-ope,  Asia,  America. 
Length  1-430"  to  1-290". 

P.  Normanii  (n.  sp.).  —  Broadly  lan- 
ceolate, slightly  flexed,  with  ratlier  ob- 
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Norman,  Esq. 

P.  aeutum  (Norman,  IIS.)  —  Large, 
broadly  lanceolate,  elongated,  moderately 
flexed,  gradually  tapering  to  the  very 
acute  apices ;  median  line  delicate,  much 
flexed,  not  central ;  stiiae  oblique,  50  in 
•001"  Marine.  Stomachs  of  Ascidians, 
&c.  Europe,  Very  pale  straw-colour  or 
nearly  hyaline  ;  -Oil"  ;  median  line 
flexed  throughout. 


tuse  ends,  and  a  slight,  transverse  cen- 
tral depression ;  median  line  stout,  nearly 
central ;  stria3  oblique,  40  in  'OOl".  = 
P.  lanceolatum,  Norman,  MS.  Marine. 
Europe.  Fomid  in  nearly  every  gather- 
ing from  deep  water,  and  in  stomachs 
of  Ascidians,  Noctilucae,  Pectens,  &c. 
Colour  tawny  brown;  -0048"  to  •0110"; 
median  line  scarcely  flexed,  except  near 
the  ends.    The  description  is  by  George 

Genus  TOXONIDEA  (Donkin).  —  Frustules  simple,  free ;  lateral  valves 
elongated  convex,  with  the  sides  not  symmetrical ;  median  line  arcuate,  with 
central  and  terminal  nodules,  its  ends  curved  towards  the  same  margin  ; 
strife  oblique.  Marine.  Toxonidea  is  closely  allied  to  Pleurosigma  ;  indeed 
the  forms  placed  here  are  regarded  by  Professor  Arnott  as  distorted  species 
of  that  genus.  The  absence,  however,  of  a  sigmoid  flexure,  both  in  the  valves 
and  median  line,  is  so  different  from  what  we  find  in  Pleurosigma,  that  we 
thiak  it  advisable  to  admit  Toxonidea  until  Dr.  Donkin 's  views  are  disproved 
by  more  perfect  observation. 


Toxonidea  Gregoriana  (Donkin). — 
Large,  lanceolate,  with  the  obtuse  ends 
cm-ved  upwards ;  median  line  concm-rent 
with  the  lower  margin  near  the  ends ; 
striae  fine,  oblique,  about  50  in  'OOl". 
TM.  vi.  p.  19,  pi.  3.  f.  1.  Britain.  Straw- 
colom-ed ;  -008"  to  -009" ;  median  line 
curved  upwards  near  the  end,  and  "  re- 
sembling the  figm-e  of  an  imbent  Scy- 
thian bow ;  "  dorsum  rather  more  con- 
vex than  the  venter. 

T.  insignis  (Donldn).  —  Arcuate  or 
semi-lunate,  with  produced,  subacute 
ends ;  median  line  not  central,  strongly 
arcuate  ;  striae  very  fine,  about  75  or  80 
in  •001".  TM.  vi.  p.  21,  pi.  3.  f.  2.  -0048" 


to  •006"  ;  "  valves  resembling  a  straw- 
coloured  strung  bow  or  a  cocked  hat," 
with  very  convex  or  gibbous  dorsum  and 
straight  venter.  Professor  Arnott  re- 
gards this  species  as  a  distorted  state  of 
Pleurosigma  ^stuarii.  Britain. 

T.undiilata  (Norman,  MS.). — Arcuate, 
with  three  slight  dorsal  undulations,  ob- 
tuse somewhat  recui'ved  apices,  and  con- 
cave venter  gibbous  at  its  centre  ;  stx-iae 
oblique,  50  in  •001".  From  Ascidians. 
North  Sea.  Very  pale  straw-colom-,  with 
pinkish  reflections ;  ^0055"  ;  longitudinal 
suture  concmTent  with  the  ventral  mai-- 
gin  except  at  the  inflated  centre,  (vm. 


Genus  DOISTKINIA  (n.  g.).  —  Frustules  simple,  free ;  front  view  panduri- 
form,  as  broad  as  the  lateral  view ;  valves  convex,  keeled,  with  nodules  aiid 
decussating  strife  as  in  Pleui^osigma.  Marine.  We  have  constituted  this 
genus  for  the  reception  of  some  Diatoms  possessing  characters  intermediate 
between  Pleurosigma  and  Amphiprora,  and  have  much  pleasui-e  m  dedicating 
it  to  Dr.  Donkin,  who,  amongst  his  many  interesting  discoveries,  first  directed 
attention  to  several  of  the  species  placed  in  it.  Dr.  Donkin  referred  the 
species  to  Pleurosigma  on  account  of  the  similarity  of  striation ;  but  they 
differ  from  that  genus  in  the  broad,  constricted  front  view ;  and  from  these 
characters,  together  with  their  very  convex,  keeled  valves,  we  were  induced 
to  regard  them  as  more  neai'ly  allied  to  Amphiprora.  Indeed  there  is 
little  essential  difiference  between  keel,  crest,  and  wing,  these  bemg,  m  our 
opinion  merely  different  stages  of  development.  This  opimon  was  also 
adopted  by  Professor  Arnott,  whose  critical  kno^^'lcdge  of  genera  commands 
the  highest  deference.  The  species  placed  in  Donkinia  differ  from  Amphi- 
prora not  only  in  their  decussating  striae  (a  character  sometimes  dilhcult  to 
verify,  and  of  rather  doubtful  generic  value),  but  also,  according  to  Dr. 
Donkiii,  in  the  absence  of  lateral  wings  to  the  valves. 


DoKKiNiA  cristata  (E.).— Nan-ow-lan- 
ceolate,  gi-adually  subulate  at  each  end ; 


centr.al  nodide  ti-ansversely  oblong ;  me- 
dian line  sigmoid,  crested.  =  Mvioila 
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cristata,  EB.  1854,  p.  240;  EM.  pi.  35 

BB.  4.  f.  13,  Atlantic. 

D.  inversa  (E.).  —  Short,  nanw,  sig- 
moid, witli  subacute  apices  ;  front  view 

very  broad,  quadrangiilar,  constricted  at 

the  middle,  with  broadly  ti-uncate  ends 

and  marginal  glands.  =  iV'rtrteK/«  invmsa, 

EB.  1840,  p.  18.   Europe.   1-576".  "It 

is  allied  to  Ainphiprora  (data,  but  wants 

the  winged  portions"  (E.). 
.    D.  cariiiata  (Donkin). — Sti-aight,  linear- 
lanceolate,  acute,  very  convex ;  colovu- 

didl  purple;  median  line  strongly  sig- 
moid, marginal  near  each  end;  striae 

oblique,  fine,  about  55  to  60  in  -001".  = 

Pleurusigma  carinatum,  Doulrin,  I.  c.  p.  23, 

.pi.  3.  f.  5.    England.    -0046";  valve 

twisted ;  median  line  diagonal  at  the  cen- 
.  tre,  marginal  near  the  ends.  (vm.  49.) 

D.  co7npacta  (Grev.).  —  Straight,  very 
•  convex,  linear,   obtuse,  sigmoid  from 

having  the  ends  sloped  in  contrary 

directions  ;  median  line  much  flexed, 

diagonal  at  the  centre,  mai'ginal  near 

the  ends  ;  striae  very  fine,  53  to  60 

in  -001" .=  Plmrosipna  compactum,  MJ. 

V.  p.  12,  pi.  3.  f .  9 ;  Pleurosigma  rectum, 

Donkin,  TM.  vi.  p.  23,  pi.  3.  f.  6 ;  Am- 

phiprora  Ralfsii,  Amott,  MJ.  vi.  p.  91. 

Britain.   -0045"  to  -005".    According  to 

Dr.  Donkin,  the  stiite  are  longitudinal 

and  transverse  ;  colour  very  pale. 

D.  minuta  (Donldn).  —  Short,  very 

Genus  AMPHIPEOEA  (Ekr.)  (Entomoneis,  Ehr.). — Prustules  free,  simple, 
in  front  view  constricted  at  tlie  middle ;  valves  convex,  with  a  longitudinal 
wing,  and  central  and  terminal  nodules  ;  strise,  when  present,  transverse. 
Marine.  Amphiprora  is  distingniished  by  its  lateral  wings,  which  are  con- 
stricted at  the  middle,  so  that  the  frustule  in  front  view,  when  not  twisted 
(which,  however,  frequently  occurs),  is  more  or  less  panduriform,  with  tnin- 
cate  or  broadly-rounded  ends.  The  late  Professor  Smith  stated  that  the 
peculiar  frustides  of  this  genus  could  not  he  confounded  with  any  others, 
save  those  of  a  few  siiecies  of  Nitzschia.  Erom  the  recent  discoveries  of 
Dr.  Donldn,  Amphiprora  is  found  far  more  closely  allied  to  Pleiu'osigma 
and  Donkinia.  From  these  genera  it  differs  by  its  alate  valves,  and  by 
having  transverse  strite  only.  According,  however,  to  the  late  Professor 
Gregory  and  Dr.  Donkin,  the  valves  of  Amphiprora  are  furnished,  in  addition 
to  the  median  crest,  with  lateral  ones  also,  similar  to  those  of  Surirella ;  and 
certainly  the  frastules  in  the  front  view  most  frequently  exhibit  a  longitu- 
dinal line  on  each  side  between  the  margin  and  the  central  portion — an 
appearance  not  unlikely  to  depend  on  such  a  formation,  particularly  in  A. 
ornata  and  A.  paludosa,  in  which  these  lines  are  undulated.  An  end  view 
is  required  to  ascertain  whether  this  be  really  the  case,  since  the  same 
appearance  would  result  from  a  depression  along  the  sides  of  the  median 
crest,  and  even  the  undulations  may  be  produced  by  transverse  ridges. 


convex,  linear-oblong,  subacute,  sigmoid 
from  the  sloping  of  one  margin  near  each 
end  in  contrary  directions ;  median  line 
much  flexed ;  stiia3  very  fine,  transverse 
ones  distinct,  about  55  in  '001",  longi- 
tudinal ones  ohscnre.  =P/.eurosif/ma  mi- 
nutuin,  Donldn,  I  c.  p.  24,  pi.  3.  f.  8. 
England.  -0025" ;  colom-,  very  pale 
brown.  D.  minuta  seems  to  difler  from 
D.  compacta,  to  which  Professor  Ai-nott 
woidd  unite  it,  chiefly  in  its  smaller  size. 

D.  angusta  (Donkin).  —  Very  con- 
vex, linear,  with  acute,  slightly  apicu- 
lated  apices ;  median  line  strongly  sig- 
moid, marginal,  except  a  central  diagonal 
portion;  strife  obscm-e,  longitudinal.  = 
Pleurosigma  angustum,  Donkin,  I.  c.  p.  24, 
pi.  3.  f.  9.  England.  -005"  to  -0055"  ; 
colom-  dull  piu-ple.  Another  form  closely 
allied  to  D.  compacta. 

D.  reticulata  (Norman,  MS.). — Lineai- 
lanceolate,  with  rather  obtuse  apices ; 
median  line  strongly  diagonal  at  the 
centi-e,  then  marginal  and  slightly  pro- 
jecting; striae  oblique,  distinct,  22  iu 
■001".  Stomach  of  Ascidians,  Shark's 
Bay,  Australia.  Collected  by  Dr.  Mac- 
donald.  Colom-  pm-plish  brown;  front 
view  oblong,  with  ti-uncate  ends  and  con- 
stricted middle.  For  the  description  of 
this  species  we  are  indebted  to  George 
Norman,  Esq. 


AMPHipnoHA  alata(E.,K.). — Very  hya- 
line, generally  twistea ;  front  view  broad- 
ly winged,  strongly  constricted ;  wing  con- 


tinued round  the  ends ;  lateral  view  with 
npiculato  ends  nnd  a  double  line  of  puncta 
accompanying  the  keel;  strire  42  in 
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•001".    KB.  p.  107 ;  SD.  i.  p.  44,  pi.  15. 

f.  124r.  =  Navicula  and  Hnto7noneis  alata, 
EB.  1845,  p.  154.  Common,  especially 
in  salt-water  marshes,  (xin.  5  to  7.) 
1-570"  to  1-430" ;  central  portion  with 
longitudinal  lines. 

A.  KiUsingii  (Brilb.). —  Very  hyaline ; 
front  view  slightly  constricted,  longi- 
tudinally lined,  with  rounded  apices. 
KA.  p.  93.  France. 

A.  constricta  (E.).  —  Very  hya,line  ; 
front  view  oblong,  sinuato-consti'icted, 
with  rovmded  ends ;  lateral  view  narrow, 
with  straight  median  line,  and  ti-ansverse 
staui-os-likehand.  EA.p.l22,pl.2.6.f.28; 
SD.i.p.44,pl.l5.f.l26.  Europe, America, 
(xn.  1.)    Stria}  very  faint,  68  in  -001". 

A.  duplex  (Donlrin). — Broad,  panduii- 
form,  with  truncate  ends  and  rounded 
angles;  lateral  view  narrow,  not  stri- 
ated ;  keel  sti-ongly  sigmoid,  unaccom- 
panied by  puncta.  TM.  vi.  p.  165,  pi.  3. 
f,  13.  England.  Resembles  A.  alata  in 
the  broad,  deeply-constricted  front  view 
with  conspicuous  alse,  but  dilFers  from  it 
in  the  absence  of  sti-iffl  and  puncta,  and 
in  the  narrow-linear  lateral  view. 

A.  plicata  (Greg.).— Front  view  deeply 
constricted,  with  broadly  roimded  ends  ; 
each  valve  with  a  plate  extending  from 
its  inner  margin  to  the  nodule,  furnished 
like  the  wings  with  about  50  fine  trans- 
verse strife  in  -001"  ;  central  portion 
with  faint  vertical  lines  or  folds.  GDC. 
p.  33,  pi.  4.  f  57.  Scotland.  Ajjproaches 
nearest  to  A.  alata,  but  differs  fi-om  it  in 
the  folds  of  the  middle  space,  and  in  the 
presence  of  lateral  plates.  Judging  from 
the  figm-e  quoted,  the  longituduial  lines 
are  similar  to  those  present  ia  A.  alata 
and  other  species,  and  we  doubt  the 
distinction  of  the  lateral  plates. 

A.  inilchra  (Bailey).  —  Large ;  front 
view  deeply  consti-icted,  with  rounded 
ends,  distinctly  striated,  prmctate  near 
the  margin.  BC.  ii.  p.  38,  pi.  2.  f.  16 
&  18.  Florida.  Often  twisted ;  central 
portion  naiTow,  sigmoid,  with  a  few  fine 
longitudinal  lines. 

A.  quadrifasciata  (Bailey). — Small; 
front  view  moderately  constricted,  with 
trimcate  or  slightly  rounded  ends ;  valves 
striated,  lanceolate,  with  produced  ros- 
tellate  apices.  BC.  ii.  p.  38,  pi.  2.  f  2-4. 
United  States.  When  living,  the  colour- 
ing matter  forms  fom-  yellomsh  trans 
verse  bands;  not  contoi-ted.  _ 

A.  vitrea  (S.).  —  Sti-aight;  front  view 
oblong,  with  rounded  ends  and  slight 
constriction;  lateral  view  lanceo  ate  ; 
strijB  52  in  -001".  SD.  i.  p.  44,  pi.  31. 
f.  270.  Britain. 


A.  elegatis  (S.). — Straight ;  front  view 
linear-oblong,  with  broadly  rounded  ends 
and  very  slight  notch-like  constriction ; 
lateral  view  lanceolate ;  striaj  40  in 
•001".  SD.  ii.  p.  90. ;  GDC.  p.  33,  pi.  4. 
f  58.  Britain.  "  Distinguished  from  A. 
vitrea  by  its  longer  and  comparatively 
more  lanceolate  and  slender  frustule, 
and  closer  striae  "  (S.).  Professor  Ai-nott 
would  unite  this  with  A.  vitrea, 

A.  obtusa  (Greg.). — Front  view  linear- 
oblong,  with  slightly  sinuated  sides  and 
rounded  ends  :  striae  very  tine.  GDC. 
p.  34,  pi.  4.  'f.  60.  Scotland.  Al©  of 
nearly  uniform  breadth. 

A.  minor  (Greg.). — Front  view  oblong, 
with  slightly  sinuated  sides  and  rounded 
ends ;  strias  rather  coarse ;  central  smooth 
portion  lanceolate.  TM.  v.  p.  75,  pi.  1. 
f.  38.  Scotland. 

A.  pusilla  (Greg.).  —  Front  view  qua- 
di-angular ;  alae  slightly  constricted,  the 
constriction  apparently  overlapped  by 
the  convexity  of  the  valve ;  lateral  view 
acutely  lanceolate ;  striae  fine,  about  60 
in  •001".  GDC.  p.  33,  pi.  4.  f  56.  Scot- 
land. 

A.  lepidoptera  (Greg.).  —  Elongated ; 
front  view  linear,  with  broadly  roimded 
ends ;  the  notch-like  constriction  of  the 
alae  apparently  overlapped  by  the  con- 
vexity of  the  valve ;  lateral  view  lan- 
ceolate, apiculate ;  sti-iae  fine,  about  48 
in  '001" ;  GDC.  p.  33,  pi.  4.  I  59.  Scot- 
land. The  al£e  are  earned  round  the 
ends,  and  in  the  lateral  view  appear  like 
an  apiculus. 

A.  maxima  (Greg.).— Front  view  veiy 
broad,  pandiu-iform,  with  rounded  ends, 
the  notch-like  constriction  o%'erlapped 
by  the  convexity  of  the  valve;  strias 
distinct,  about  36  in  •OOl" ;  lateral  view 
acutely  lanceolate.  GDC.  p.  35,  pi.  4. 
£  61.  Scotland. 

A.  complcxa  (Greg.).  —  Front  view 
broadlypandiu'iform,  with  broadly  roimd- 
ed ends;  alfewithmai-ginalpimcta;  sti-iaj 
delicate,  about  45  in  -001"  ;  centi-al  por- 
tion oblong,  with  concenti^ic  longitudinal 
lines.  GDC.  p.  36,  pi.  4.  I  62.  Scot- 
land. ,  „ 

A.paludosa  (S.).— Twisted;  fi-ontview 
dilated,  broadly  winged,  deeply  con- 
stricted, with  rounded  or  truncate  euds, 
and  a  waved  longitudinal  line  on  each 
side  between  the  margin  and  central 
portion ;  sti-ias  GO  in  •OOl"  SD.  i.  p.  44, 
pi.  31.  f.  269.  Britain.  Fresh  or  slightly 
brackish  water,  according  to  Snnth; 
marine,  according  to  Professor  Arnott. 

A.  on)«!'a(Bailev).— Small;  fi-ontncw 
deeply  constrictecl,  with  iTuncated  or 
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rounded  ends,  and  a  longitudinal  row  of 
undidations  on  eacli  side.  BC.  ii.  p.  38, 
pi.  2.  f.  15  &  23.  America.  Often 
twisted.  "  The  ruffle-like  rows  of  pin- 
nules distinguish  this  species  from  all 
others"  (Bailey). 

Doubtful  Species. 

A.  7-ecta  (Greg.).  —  Front  view  qua- 
drangular, with  rounded  angles  and  veiy 
slio-htly  consti-icted  sides ;  strias  fine  but 
distinct.  TM.  v.  p.  67,  pi.  1.  f.  40.  Scot- 


land. The  figure  presents  no  appearance 
of  nlsB,  but  only  convex  lateral  valves, 
such  as  are  seen  in  several  species  of 
Navicula. 

A.  naviculan's  (E.).  —  Oblong,  with 
obtuse  ends  and  radiant  transverse  strife ; 
front  view  quadranmilar,  with  two 
puncta  at  each  end.  EA.  p.  122  ;  EM. 
several  figm-es.  Fresh  water.  America. 
Apparently  a  Navicula  with  the  ter- 
mmal  puncta  of  the  front  view  less  mar- 
ginal than  usual. 


Genus  DTADESMIS  (Kiitz.). — Erustules  navicular,  united  into  a  filament ; 
valves  with  central  and  terminal  nodules.  Habit  of  Eragilaria,  but  the  valves 
furnished  with  median  line  and  central  nodule.  Diadesmis  differs  from 
Sphenosii'a  only  in  having  the  lateral  surfaces  with  similar  ends. 


*  Freshwater  or  Fossil. 

BiADEsms  confervacea  (K.). — ^Breadth 
of  articulations  twice  the  length ;  valves 
minute,  smooth,  with  acute,  acuminate 
ends.  KB.  p.  109,  pi.  30.  f.  8.  Trinidad. 
(XIV.  32,  33.)  1-960". 

D.  l(evis  (E.,  K.).  — Smooth;  breadth 
of  articulations  three  to  fom"  times  the 
length.  KB.  p.  109,  pi.  29.  f.  69.  =  Tabel- 
laria  Icevis,  EA.  pi.  1.  2.  I  17.  Chili. 
(XII.  40.) 

D.  sculpta  (E.,  K.).  —  Articulations 
Vidth  striated  margins  ;  valves  linear- 
oblohg,  with  roimded  ends  and  a  naiTow 
striated  border.  KB.  p.  109,  pi.  29.  f.  26. 
=  Tahellaria  sculpta,  EA.  pi.  1.  2.  i.  6. 
Chili.    Resembles  Navicula  borealis,  E. 

D.  ?  Bacillum  (E.,  K.). — Articidations 
striated,  linear-oblong,  with  rounded 
ends,  and  a  large,  oblong,  longitudinal 
median  nodide.  KB.  p.  109.  =  Navicula 
Bacillmn,  E.    Fossil.  Greece. 

D.  Navicula  (E.). — Frustules  oblong, 
smooth,  four  or  five  times  as  long  as 


broad,  with  a  smooth  median  stidctiue. 
=  Fragilaria  ?  Navicula,  EA.  ;p.  127, 
pi.  1.  3.  f.  8.  Peru.  We  place  this  form 
in  Diadesmis  because  the  frustules,  in 
the  fi'ont  view,  have  a  minute  punctum 
at  the  middle  of  each  lateral  mai'gin, — 
an  appeai'ance  which  usually  indicates 
the  presence  of  centi'al  nodules. 

D.  Gallica  (S.).  —  FUaments  sti-aight 
or  curved ;  valves  linear-elliptical,  with 
about  45  obscm-e  strise  in  -001".  Sm. 
ANH.  Jan.  1857,  p.  11,  pi.  11.  I  16. 
Havi-e. 

D.  peregrina  (S. ). — ^Victoria  tank,  Glas- 
gow.   This  species  is  unknown  to  us. 

2*  Marine. 

D.  Williamso7ii  (S.,  Greg.).  —  Fi'ont 
view  linear,  with  central  and  terminal 
dilatations;  valves  linear,  with  attenuated 
ends  and  16  to  18  dotted  sti-ise  in  "001. 
GDC.  p.  25,  pi.  2.  i.  40.  =  Himantidium 
Williamsoni,  SBD.  ii.  p.  14,  pi.  33.  f.  287. 
Maiine.  Scotland. 


Genus  STIGMAPHOEA  (WaUich).  —  Fnistules  free,  naviouloid;  valves 
lanceolate,  loculate ;  loculi  vsdth  central  and  marginal  puncta.  Marine. 
Frustules  very  hyaline,  with  two  minute  cells  at  the  middle  of  each  margin 
in  both  views ;  valves  with  median  line. 


STiGMArnouA  rostrata  (WaUich).  — 
Valves  rostrate  ;  beaks  with  a  median 
row  of  puncta.  TM.  viii.  p.  43,  pi.  2. 
f.  5,  6.   (vin.  43.)  Lidia. 


S.  lanceolata  (Wallich).  —  Valves 
acutely  lanceolate,  without  median  rows 
of  puncta.  TM.  xiil  p.  43,  pi.  2.  f.  7,  8. 
Inoia. 
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2  *  Frustules  naviailold,  enveloped  in  gelatine  or  enclosed  in  a  definite 
tubular  or  gelatinous  frond. 

Subfanuly  SCHIZONEMEiE  oa  LACEKNATiE. 

This  group  is  remarkable  for  the  great  external  resemblance  some  of  its 
species  have  to  acknowledged  Algae,  widely  as  they  differ  in  internal  structure. 

Genus  FRTJSTTJLIA  (Ag.). — Frustules  bacillar  or  navicular,  immersed  in 
an  amorphous  gelatinous  substance.  For  the  present  we  retain  this  genus 
in  the  Schizonemea3,  but  believe  that,  in  most  if  not  aU  the  species,  the  frus- 
tules are  more  like  a  Synedra  than  a  Navicula,  and  want  the  central  nodiile 
of  the  latter. 

t  Striae  evident. 

Fktisttilia  saUna  (E.)— Very  narrow 
linear,  transversely  sti-iated ;  in  front  view 
with  rounded  ends,  in  lateral  view  sud- 
denly acute.  E  Inf.  p.  232.  Saline 
springs,  Germany. 

2 1  Striae  wanting,  or  very  indistiact. 

F.  Kiitzingiana  (Rah.).— Smooth,  lan- 
ceolate, with  tinmcate  apices.  Rab  D. 
p.  35,  pi.  8.  f.  S.=  Synedra  rnucicola,  KB. 
p.  68,  pi.  14.  f.  5.  On  stones  in  a  rivulet 
near  Nordhausen. 

F.  minuta  (Rab.).  —  Minute,  linear, 
smooth,  ia  front  view  with  trimcate 
apices ;  valves  with  acutely  cuneate  ends. 
Rab  D.  p.  35.  t.  8.  f.  4.  =  Si/nedra  Frics- 
tulum,  KB.  pi.  30.  f.  77.  Fresh  water. 
Germany  and  Italy.  It  forms  an  olive- 
brown  gelatinous  mass  on  stones,  and 
becomes  green  in  drying. 

F.  torfacea  (Braun).  —Rhomboid-lan- 
ceolate, with  obtuse  apices,  a  stout  me- 
dian rib,  and  small  central  nodule.  RabD. 
p.  50,  t.  7.  f.  2.  Germany.  It  forms  dirty- 
yellow,  rather  firm,  smooth  or  rugged 
gelatinous  masses  about  plants  in  bogs. 
An  authentic  specimen  from  Professor 


Braun  appears  to  us  identical  with  Na- 
vicvla  rhomboides. 

F.  Saxonica  (Rab.).  —  Slenderer  than 
F.  torfacea,  with  valves  more  acute ; 
fi-ont  view  linear,  with  broadly  rounded 
ends.  Rab  D.  p.  50,  t.  7.  f.  1.  Saxony. 
Foi-ms  dirty-olive-brown  tremulous  j  eUy- 
like  masses  in  little  cavities  of  damp 
rocks. 

F.  ScBcheriana  (Rab.).— Valves  spui- 
dle-shaped,  with  acute,  pointed  ends; 
front  view  narrow-lanceolate,  with  ob- 
tuse apices.  Rab  D.  p.  50,  pi.  10.  f  14. 
Germany.  Forms  dirty  gelatinous  masses 
on  moss  in  streams. 

F.  acicularis  (E.).  —  Bacilla  slender, 
smooth,  with  acute  apices ;  valves  more 
acute,  like  a  fine  needle.  ERBA.  1853, 
p.  527.  Marine.  Kingston  Bay.  Frus- 
tules like  those  of  Fragilaria  Rhabdo- 
soma,  but  fi-ee  and  heaped  together 
without  order. 

F.  bacillaris  (E.).— Bacilla  Imear,  pm- 
nulate,  with  ti-uncate  apices  in  the  front, 
and  rounded  in  the  lateral  view.  EB. 
1853.  Marine.  Kmgston  Bay.  This 
species,  like  F.  acicularis,  seems  included 
in  gelatine  dUated  hke  an  ulva,  which, 
when  dry,  appears  membranaceous.  In 
the  same  membrane  both  species  are  m- 
cluded,  with  many  other  Diatomacese. 


Genus  MASTOGLOIA  (Thwaites).— Frustules  qblong,  naviculoid,  annulate, 
in  a  gelatinous  mammiUate  cusHon  or  frond;  annuli  loculated  ;  locuh  open- 
TJ  by  foramina  along  the  line  of  suture.  -  The  fr-ustules  of  JIastoglm 
are  noUly  distinct  from  those  of  the  other  genera  of  this  tribe  Having  the 
anmdate  s^^^^^^  of  Ehabdonema  with  the  canalicuh  of  SunreUa."  '  The 
canatSi  are  however,  formed  differently  from  those  of  Surn-eUa,  not  being 
connected  ^th  the  vai;e,  but  with  the  annulus,  which  projects  as  a  septum 
X?he  boTy  of  the  frust^ile.  The  frustule  itscK  is  ordiriaiily  excentric  to  th 
Icu^devoYoped  around  it,  and  sits  as  it  were  on  the  summit  of  a  httlc 
nipple-like  cushion  of  gelatine  (Smith). 


MASTOGLOIA  Bameu  (ThwaitesY 
Valves  cUiptic-oblong,  with  8  to  lo- 
culi;  striiB  42  in  -OOl".    SD.  u.  p.  04, 


pi.  62.  f.  388.  =  Dichieia  Damcn,  AjSH. 
1848.  Bracldsh  water.  Britain.  (xv-.;50.) 
M.  lanceolata  (Thw.).— Valves  oblonp'- 
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lanceolate,  with  subacute  apices  aad  8  to 
;10  loculi ;  striie  42  in  -001".  SD.  ii.  p.  G4, 
pi.  54.  f.  340.    Brackish  water.  Britain. 

M.  Smithii  (Thw.).  —  Valves  obloug- 
lauceolate,  with  produced,  obtuse  or 
capitate  apices,  and  6  to  24  loculi ;  striaj 
42  in  -001".  SD.  ii.  p.  65,  pi.  54.  f.  341. 
Fresh  or  brackish  water.  Britain. 

M.  apiculata  (S.).  —  Valves  elliptic- 
lanceolate,  with  slightly  produced,  ob- 
tuse, conic  apices,  and  30  to  50  loculi ; 
strife  42  in  -OOl".  SD.  ii.  p.  65,  pi.  62. 
f.  387.    Maiine.  Britain. 


M.  Orevillii  (S.). — Valves  linear,  with 
obtuse,  cuneate  ends,  and  15  to  20  loculi ; 
stxm  moniliform,  24  in  001.  SD.  ii. 
p.  65,  pi.  62.  f.  389.  Fresh  water.  Britain. 

M.  minuta  (Grev.).  —  Valve  elliptic- 
lanceolate  or  eUiptic-oval,  conspicuously 
apiculate ;  loculi  12  to  18 ;  strise  very  fine 
and  close.  Trinidad.  Grev.  MJ.  v.  p.  12, 
pi.  3.  f.  10.  It  is  a  species  evidently  allied' 
to  M.  apinilata,  but  differs  in  being 
scarcely  half  the  size,  and  essentially  in 
the  much  larger  loculi ;  it  is  also  much 
more  apiculate. 


Genus  PHLYCTJENIA  (Kiitz.). — ^Frustules  navicular,  included  in  (globose) 


gelatinous  ceUs.  Mai-iue. 

Phlyctjenia  rninuta  (K.). — Parasitic ; 
cells  hyaline,  achromatic,  solitary,  scat- 
tered, or  binately  approximate  and  aggi-e- 
gated;  included  naviculte  few,  binately 
or  quatemately  conjoined,  smooth  ; 
front  view  linear,  with  truncate  apices  ; 
vtdves  broadly  lanceolate,  with  acumi- 
nated ends.  KSA.  p.  96.    Adriatic  Sea. 

P.  maritima  (E.,  K.).  —  Naviculse 


smooth  (?),  linear,  with  rounded  ends 
contained  in  distinct,  but  contiguous, 
gelatinous  cells.  KA.  p.  96.  =  Frustulia 
maritima,  E  Inf.  p.  232.  Near  Gothen- 
bm-g.  1-1200"  to  1-1150".  This  species 
occurs  as  a  brownish  jelly-like  mass  on 
stones.  In  the  gelatinous  cells  Ehr- 
enberg  observed  from  one  to  twenty 
fr'ustules. 


Genus  DICKIEIA  (Berkeley). — Prond  subgelatinous,  plane,  attenuated  to- 
wards the  base,  containing  scattered,  navicular,  imperfectly  sUicious  frustules. 
Marine.    Dickieia  is  distinguished  by  its  plane  frond  and  scattered  frustules. 


DiCKiEiA  ulvoides  (Berk.).  —  Frond 
imdivided ;  valves  eUiptical.  ANH.  xiv. 
pi.  9  j  SBD.  ii.  p.  66,  pi.  54.  f.  342. 
Britaia.  (xv.  31.)  Frond  linear  or 
obovate-stipitate ;  sttise  obscure,  36  in 
•001" ;  nodule  transverse,  Sm. 


D.  pinnata  (Ealfs).  —  Frond  divided ; 
valves  elliptic-lanceolate.  ANH.  2nd 
ser.  viii.  pi.  5._  f.  6 ;  SBD.  ii.  p.  66,  pi.  54. 
f.  343.  Britain.  Autumn.  Divisions  of 
frond  subpinnate;  striae  obscm-e,  40  in 
■001";  nodule  pimctifonn,  Sm. 

Genus  EHAPHIDOGLCEA  (Kiitz.). — Frond  globose,  gelatinous,  tender, 
fiUed  with  fusiform  bundles  of  naviculae  disposed  in  i-adiating  threads. 
Marine.  "  The  principal  character  of  this  genus  is  taken  from  the  amor- 
phous disposition  of  the  gelatinous  substance  in  which  the  frustules  are 
immersed.  The  frustules  are  mixed  together  in  a  disorderly  manner  in 
Berkeleya,  whilst  in  Ehaphidogloea  they  are  arranged  in  fusiform  fascite 
confluent  by  the  pointed  extremities"  (Meneg.).  We  think  this  genus 
might,  without  inconvenience,  be  united  with  Berkeleya. 


Ehaphidoglcea  medusina  (K.).  — 
Minute ;  fascicles  lanceolate-acuminate, 
in  irregular,  reticidately-branched,  con- 
tinuoiu?,  radiating  threads  ;  naviculse 
lanceolate.  KB.  p.  110,  pi.  22.  f.  7.  Me- 
diterranean Sea.  1-600". 

B.  nianipidata  (K.).  —  Globose,  pisi- 
form; rays  of  fascicles  reticulated,  not 
intemipted;  naviculse  linear-lanceolate, 
obtuse.  KB.  p.  110,  pi.  22.  f.  5.  Europe. 
1-700"  to  1-290".  ^ 

E.  inter ruj)ta  (K.).  —  Pisiform,  with 
Blender  rays  of  fascicles,  interrupted  in 
a  joint-like  manner,  with  gradually  ta- 
pering branches;  navicidaD  linear,  slightly 


attenuated  at  the  ti-uncate  apices.  KB. 
p.  110,  pi.  22.  f.  6.  Adriatic  Sea.  1-300". 

E.  micans  (Lyngb.,  K.).— Subglobose ; 
rays  of  the  larger  fascicles  irregidar, 
obsolete  ;  navicidas  linear  -  lanceolate, 
subulate,  rather  acute,  elongated.  KB. 
p.  110,  pi.  22.  f.  8.  =  Scliizonema  micans, 
AD.  p.  17 ;  Naunema  micam,  E  Inf. ; 
Frmtidia  costnta,  Lobarzeusky  in  Linnif  a, 
1840,  pi.  5.  f.  1.  Europe.  Mr.  Tuflen 
West  informs  us  that,  from  careful  obser- 
vation of  living  specimens,  he  is  satisfied 
that  this  species  is  identical  with  Am- 
2}kij>l('urn  pelliicida,  in  which  opinion  the 
late  Prof.  Smith  fully  concurred. 


926 


SYSTEMATIC  HISTOEY  OP  THE  IKFXJSOEIA. 


Germs  BERKELETA  (Grev.).  —  Frustules  naviculoid,  linear-lanceolate, 
included  within  tubtdar  snbmembranaceous  filaments,  which  are  free  at 
their  extremities,  but  immersed  below  in  a  more  or  less  definite  tubercle. 
Marine  Berkcleya  differs  from  Schizonema  in  having  the  base  ot  the  la- 
ments immersed  in  an  orbicular  gelatinous  tubercle.  This  tubercle  is  at  first 
firm  and  definite,  but  finally,  especiaUy  when  growing  on  rocks,  becomes 
enlarged,  soft,  and  often  somewhat  indefinite 


Bebkeleya  fragilis  (Grev.).  —  Fila- 
ments subsimple,  minute ;  frustules 
crowded,  slender,  lanceolate  or  linear- 
lanceolate,  with  the  strise  obsolete  or 
wanting.  GBF.  p.  416;  SD.  ii.  p.  67, 
pi.  54.  f.  344.  On  Zostera,  Algae,  and 
rocks.  Eiu-ope.  The  gelatinous  tubercle 
duiing  growth  becomes  attenuated  and 
more  diifiised,  and  sometimes  forms  an 


indefinite  slimy  covering  about  the  base 
of  the  filaments.  In  a  dried  state  this 
species  acquires  a  metallic  lustre. 

B.  Adriatica  (K.).— Filaments  branch- 
ed ;  branches  distinctly  subdivided ;  frus- 
tules narrowly  linear-lanceolate,  rather 
obtuse.  KB.  p.  109,  pi.  22.  f.  4.  Adriatic 
Sea.  (XIV.  34, 35.)  1-300".  Scarcely 
distinct  from  B.  fragilis. 


^   '  J 

Genus  COLLETONEMA  (Breb.).— Frustules  naviculoid,  arranged  iii  series 
within  a  tender,  simple  or  divided,  filiform  or  globose  frond  Aquatic 
recording  to  Professo^  Smith,  "the  freshwater  habitat  and  shghtly  divided 
frond  distinguish  the  present  genus  from  Schizonema ;  and  [he  adds]  the 
Sustulfs  arf  also  more  firmly  siHceous  than  those  of  that  ge-s,  and  the 
character  of  the  valve  can  usuaUy  be  well  seen  after  maceration  m  acid. 
Profe  0  ■  Mug  describes  Colletonema  as  having  a  filiform  frond  composed 
of  serie  of  navic^^  held  together  and  enveloped  by  an  amoiT^hous  gelatoous 
mucus,  without  an  exterior  gelatinous  tube.    We  doubt  if  any  of  the  above 
Xracters  sufficiently  distinguish  CoUetonema  from  the  allied  genera  beca^^e 
?hey  a  e  either  inadmissible  in  generic  definit  ons,  uncertain,  or  no  pecidiar 
to  the  genus.    The  absence  of  an  external  tube,  if  constant,  would  be  of 
oenericrportance  ;  but  we  sometimes  find  the  fi^stiile  contamed  withm  an 
Sent  (although  t;nder  and  evanescent)  tube,  whilst  in  Micromega  on  the 
oSer  hand,  the  presence  of  an  external  tube  is  sometimes  doubtful  The 
?ronds  ie  excee^gly  thin  and  tender,  readily  permitting  the  escape  of  their 
SlTwSTay  then  be  mistaken  for  species  belonging  to  other  genera ; 
tSisMeTsoi  Smith  remarks  that  it  is  possible  that  F^nnular^a  rachosa  may 
le  mSy  the  free  state  of  CoUetonema  neglectum,  and  Nav^cula  crass^nerv^a 
the  same  condition  of  C.  vulgare. 


Colletonema  eximium  (Thw.,  K.). 
—  Frond  filiform;  frustule  in  lateral 
view  sigmoid,  stiiated.  KA.  p.  891 ; 
SD  ii.  p.  69,  pi.  56.  i.  350.  =  Schizonema 
eximium,  ANH.  1848;  Gloionema  sig- 
moides,  EB.  1845 ;  Encyonema  sigmoides, 
KA.  p.  62.  ?  Britain,  Demerara  ?  Valves 
linear,  sigmoid  from  the  ends  sloping  m 
opposite  directions;  striss  56  in  -001". 

^'"^c'vSdulum  (Br6b.).— Frond  filifoi-m; 
naviculiB  spirally  and  densely  an-anged; 
valves  lanceolate,  rather  obtiise,  smooth ; 
front  view  hnear-oblong,  slightly  and 
gradually  attenuated  towards  the  trun- 
cate apices.    KA.  p.  105.  France 

0.  Lustre  (Ag.,  K.).-Frond  filiform, 
simple  or  subramose,  finer  than  a  haii, 
enclosed  in  an  imperceptible  membrane ; 
naviculfB  elliptic  or  parallelogramic,  m 
a  single  or  double  series.    KbA.  p.  luo. 


=  Schizonema  laat-stre,  Ag  CD.  p.  18. 
Sweden.  Tufts  erect,  brownish  yeUow;  m 
size  and  habit  like  Sphacelaria  cuTosa. 

C.  vidgare  (Thw.).  —  Frond  falifomi, 
simple  or  divided,  graduaUy  tapermg, 
containing  one  or  two  regular  rows  ot 
frustides;  valves  oblong-lanceolate,  witli 
shs-htly  contracted,  obtuse  ends,  b  U.  u. 
p  70  pi.  56.  f.  Q51.  =  Schizone7}ia  vulgare, 
ANH  1848.  England  and  France.  Less 
common,  according  to  Profe.^or  Smith, 
than  the  next  species.    Strife  i  2  in  -OOi  . 

C.  neqkctum  (Thw.).-Fi-oud  shghtly 
divided,  obtuse,  containing  numerons 
and  closely  packed  frustules ;  valves  lan- 
ceolate, witli  obtuse  ends.  bJiiJ.  u- 
V  70,  pi.  56.  f.  352.  =  Schizo?iema  neg- 
lectum, ANU.  1848.  England. 

C.  stcbcoharens  (Thw.).--Frond  glo- 
bose, gelatinous,  pervaded  by  "-reguiar 
rows  of  frustules;  valves  oblong,  with 
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rounded  apices.  SD.  ii.  p.  70,  pi.  56. 
f.  353.  Dorset.  StriiB  28  in  •001".  In 
the  character  of  its  frond  this  species 
somewhat  agi-ees  mth  Ehaphidogloea ; 
but  the  frustules  ai-e  oiTanged  in  series, 
not  in  fascicles,  as  in  that  genus. 

Douhtful  Species. 

C.  ?  ampMoxys  (E.,  K.). — Known  only 
from  fragments.     Naviciilae  parallelo- 


gramic,  smooth;  valves  acutely  lanceo- 
late. KSA.  p.  105.  =  Nauncma  am- 
phioxys,  EA.  pi.  3.  2.  f.  5.  Mexico. 
(XII.  55-57.) 

C.  ?  Americanum  (E.,  K.).— Naviculse 
sti-iated,  large,  linear,  -wath  subacute 
apices,  densely  arranged  within  branched 
tubes.  ICiV.  p.  105.  =  Nauneina  Ameri- 
canum, EB.  1845,  p.  79.  River  Hudson. 
Strise  18  in  1-1200". 


Genus  SCHIZONEMA  (Ag.,  Kiitz.)  (Monema,  arev. ;  Monnenia,  Meneg. ; 
Naunema,  Ehr.), — Frustules  naviculoid,  arranged  confusedly  or  in  a  single 
file,  within  a  capillary,  submembranaceous,  single-tubed,  more  or  less  branched 
frond,  of  nearly  equal  diameter  throughout.  This  genus,  constituted  by 
Agardh,  has  been  repeatedly  divided  and  reunited,  and  the  generic  names 
altered  and  transposed  in  an  arbitrary  manner  without  regard  to  priority. 
Dr.  Greville  founded  Monema  for  the  species  with  single  tubes,  retaining 
those  with  compound  fronds  in  Schizonema.  Tliis  division  seems  judicious, 
and  indeed  has  been  adopted  by  nearly  every  succeeding  writer,  although 
Greville's  names  have  been  disused  or  differently  apphed.  Agardh  recognized 
the  distinctions,  but  retained  Schizonema  for  the  species  with  a  frond  of 
simple  structure,  and  founded  Micromega  for  the  species  having  a  compound 
structure.  As  this  arrangement  has  been  followed  by  Kiitzing,  and  acquiesced 
in  by  Greville,  we  use  it  here.  There  is  the  greatest  difference,  however,  in 
the  distribution  of  the  species,  even  amongst  those  who  admit  both  genera. 
"  This  discordance  of  opinion,"  observes  Meneghini,  "  as  to  the  aiTangement 
of  some  species  in  one  or  other  of  the  two  genera,  which,  independently  of 
their  names,  appear  so  distinct  and  so  clearly  defined,  arises  from  the  great 
difficulty  of  discerning  the  parallel  tubes  including  the  particular  series  of 
naviculae.  In  some  species  the  wall  of  the  external  tube  is  clearly  distinct, 
and  the  naviculse  are  confused  within ;  but  in  some  others  it  seems  as  if, 
instead  of  a  tube,  there  were  a  mucous  mass  in  which  the  naviculse  are  im- 
mersed." Professor  Smith  considered  that  "  this  great  diversity  of  opinion 
owes  its  origin  to  the  variableness  and  inconstancy  of  the  characters  adopted 
by  the  writers  who  arranged  the  species  under  two  genera.  The  presence  of 
only  one  or  of  many  files  of  frustules  is  certainly,  to  some  extent,  dependent 
upon  the  stage  of  growth  of  the  specimen  examined ;  and  the  appearance  of 
secondary  tubes  within  the  general  mucus-envelope  is  more  or  less  apparent 
in  different  portions  of  the  same  frond,  or  according  as  it  is  examined  in  the 
fresh  or  dry  state.  A  verj"  extensive  comparison  of  specimens  leads  me  to 
believe  that  in  every  case  where  the  development  of  the  frond  Ls  much 
advanced,  as  in  the  older  or  basal  portions,  numerous  files  of  frustules  may 
be  observed."  For  these  reasons  Professor  Smith  united  the  genera  and 
divided  Schizonema  into  two  sections,  "  the  fii'st  having  finistules  fii-mly 
siliceous,  and  fronds,  in  consequence,  somewhat  setaceous  and  robust ;  and  the 
second  including  those  species  whose  frustules  are  flaccid  and  deHcate  in 
character."  As  we  consider  the  diagnostic  differences  snfficient,  we  have 
retained,  with  slight  alteration,  the  arrangement  of  the  species  in  these 
genera  given  by  Meneghini  in  his  memoir  upon  the  Diatomaceoe.  The  frond 
in  Schizonema  is  generally  densely  tufted  and  more  sparingly  branched  than 
in  Micromega.  It  is  always  single-tubed,  and  usually  very  slender,  with 
even,  parallel  margins.  The  ends  of  the  filaments,  which  in  the  early  state 
are  often  empty,  finally  become  ruptured  and  permit  the  escape  of  the 
naviculfe.    In  a  recent  state  these  characters  will  generally  .suffice  to  deter- 
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mine  the  genus,  even  before  minute  microscopic  examination.  We  place 
more  reliance  upon  colour  in  the  discrimination  of  species  than  some  writers 
allow  The  colour  for  the  most  part  depends  upon  the  contents  of  the  fms- 
tules,  and,  according  to  our  experience,  is  sulycct  to  httle  variation  except 
in  old  specimens  rendered  unfit  for  comparison  by  the  escape  of  the  navicuhe. 


*  Central  nodule  transversely  dilated. 

ScmzoNEMA  ci-ucif/er  (S.)- — FUaments 
much  divided ;  naviculse  crowded ; 
valves  lanceolate,  acute,  striated;  me- 
dian nodule  transversely  dilated  into  a 
stauros.  SD.  ii.  p.  74,  pi.  56  f.  354. 
Britain.    Striae  distinct,  40  in  -001  . 

2  *  Central  nodule  pimctiform,  sometimes 
obsolete. 

S.  Ch-evillii  (Ag.).— Frond  membra- 
naceous, much  branched,  level-topped; 
naviculte  in  fi'ont  view  sub(iuadrate ; 
valves  oblong-lanceolate,  with  60  striap 
in  -001".    AgCD.  p.  19;  SD.  ii.  p.  77, 
pi.  58.   f.  364.  =  Monnema  GreviUn, 
Meneg. ;  S.  quadripunctatum,  Harv.  On 
roclis  and  mud.    Fronds  densely  tufted, 
brown,  tm-ning  to  a  dirty  verdigns-gi'een 
when  dried,  and  adhering  unperfectly  to 
paper.  Naviculse  large,  crowded  at  base, 
m  a  single  file  near  the  extremities.^  >S. 
quadripunctatum  of  British  writers  is  an 
old  state,  and  tui-ns  of  a  rusty  colom-  m 
drymg.  1-576" 


'S.  crinoideum  (Harv.).  —  Filaments 
very  slender,  achromatic,  sparingly 
branched,  denselv  woven  into  a  pale- 
green  or  brownish  stratum;  naviculse 
very  mmute,  disposed  in  an  hi-egulM 
loose  series.  Harv.  Manual,  p.  214. 
tenellum,  KB.  p.  Ill,  pi-  23.  f.  8  ;  Mon- 
nema quadripunctatum,  Meneg.  Jiurope. 
Filaments  exceedmgly  slender,  with  long, 
simple,  flexuose  branches.  Brown  when 
recent,  olive-green  and  glossy  when  dry. 

S.  Dillwynii  (Ag.).  —  Frond  densely 
tufted,  rich  brown,  very  slender;  navi- 
cidffi  minute;  valves  lanceolate-acute, 
smooth.    SD.  ii.  p.  77,  pi.  58.  f  366  = 
Monema  Dillwynii,  GCF.  pi.  297.  Kocks, 
mud,    and  Alg£e.     Naviculss  imper- 
fectly silicious,  more  or  less  crowded, 
especially  near  the  extremities;  fronds 
tuiTiing  deep  green  on  immersion  m 
fresh  water,  and  quickly  acquirmg  an 
oftensive  smell;  generally  glossy  when 

dried.   1-1000".  ^  , 

S.  miJ?;cfli«m(Harv.).-Fiwd  capil- 
lary, densely  tufted,  much  _  branched, 

cS'ed,  and'entangled ;  -f^'^^ZJ^] 
minut;,  irre^idarlv  crowded  ;vah:es  lan- 
ceolate, rather  obtuse.    SD.  u.  P-  'o, 


pi.  59.  f.  367.  On  mud  in  sheltered 
places.  Tufts  of  a  duller  brown  than 
8.  Dillwynii,  gi-aduaUy  turning  in  fresh 
water  to  a  dark  olive-green,  not  quicldy 
becoming  offensive.  Frustules  in  form 
and  size  similar  to  those  of  S.  mtilatis. 

S.  dubium  (Harv.).  —  Resembles  S. 
Dillwynii;  but  the  long  branches,  naked 
below,  are  furnished  towards  their  sum- 
mits with  numerous  cmied  ramuh.  Harv. 
Manual,  p.  212.  =  -S".  Dillwynii  0,  KA. 
p.  101.  Kocks,  &c.  Tufts  imequal- 
topped ;  apices  of  ramidi  acute ;  naviculse 
very  minute  and  densely  packed. 

virescens  (Harv.).  —  Fronds  very 
slender,  densely  tufted,  tenacious,  verv 
much  branched  fr-om  the  base;  ramuh 
numerous,  cmied,  upper  ones  longest, 
swellmg  towards  the  tips,  which  are 
dark-coloured  and  end  m  a  sudden 
point ;  navicxdee  minute.  Harv.  Manual, 
p.  212.  North  Devon.  Tufts  dense, 
brownish  olive,  not  much  altered  in 
drying.  Under  the  microscope  it  has 
much  the  appearance  of  S.  DiUioynii; 
but  the  thickened,  dark-coloured  tips 
are  remarkable 


S.  rutilans  (Trentepohl,  A^.).— Densely 
tufted:  filaments  elongated,  subsmiple, 
brownish  and  empty  at  ba^e,  hyahne 
and  filled  with  crowded  Imear-oblong 
frustides  at  the  apex;  when  dry,  shmmg 
and  reddish.  Ag  CD.  p.  18 ;  KB.  p.  112, 
pi  23.  f.  6.  1,  2.  =  Monnevm  rutdans, 
Mene<^.  "  It  differs  from  S.  Dillwynii  by 
its  more  vamish-hke  lusti-e,  reddish 
colom-  when  dry,  and  finer  and  more 
simple  filament"  (Ag.). 

S;  Hoffmannii  (Ag.).  —  Filaments 
tufted,  subshnple,  arachnoid,  when  dry 
shining  with  a  reddish  lustre ;  navicula 
small,  smooth,  crowded ;  valves  lanceo- 
late. ---  S.  rutilans,  var.  Soffmamn,  KB. 
pi  23  110;  MommnaHoffmanm,lslme^. 
feurope,  Aberdeen,  (x.  207.)  Professor 
Kiitzmg  makes  this  fonn  a  vai-iety  ot 
5'.  r^dilnns^,  butMeueghini  observes  that 
they  difl'er  in  external  characters  and  m 
the  dimensions  and  shape  of  the  uavi- 
culfe.    1-1080"  to  l-960"._ 

S.  Balticum  (E.).— Navicidne  striated, 
slender,  linear-lanceolate,  in  fr-out  view 
truncate,  in  lateral  view  subacute,  dense, 
crowded  in  the  mtricatelv  branched  hla- 
mentR.   E  Inf  p.  236,  pi.  20.  f.  15. 
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rutilaits,  rar.  viride ;  3Ionncma  octo- 
carpoides,  Meneg.  Europe,  England. 
1-1200". 

S.  Ehrmhergii  (K.). — Fi-ond  parasitic, 
lubricous,  tiifted,  oi-een,  branched; 
branches  crystal-hyaline,  soft,  obtuse  at 
the  apex ;  naviciilas  (in  dried  specimens) 
inconspicuous,  tender,  arranged  in  obso- 
lete series,  oblono'  in  one  Adew,  truncate 
in  the  other,  with  rounded  ends.  KB. 
p.  113,  pi.  23.  i.Q.  =  Naunema  Dillwijnii, 
E  Inf.  p.  235,  pi.  20.  f.  13.  Eiu-ope. 
1-1320". 

S.  spfl<Zic«<?n  (Grev.).— Filaments  ca- 
pillary, tufted,  much  branched,  of  a  red- 
dish olive-gi-een  colom-;  ramuli  much 
divai-icated,  ultimate  ones  patent;  navi- 
culfe  linear-oblong,  elongated.  Grev.  in 
Hooker's  Br.  Fl.  p.  412.  Scotland. 
Fronds  often  with  a  faint  metallic  lustre 
when  dry.  Filaments  veiy  slender,  and 
of  nearly  equal  thiclmess  throughout. 

S.  Adriaticum  (Ag.). — Filaments  finer 
than  a  haii",  elongated,  subsimple,  when 
dried  of  an  opaque  olive  gi'een ;  naviculfe 
narrow,  lanceolate.  AgCD.  p.2l.  Venice. 

S.  confertum  (S.).  —  Frond  filiform, 
epai'ingly  divided  throughout ;  naviculaB 
exceedingly  crowded ;  valves  shortly  lan- 
ceolate, acute,  with  indistinct,  marginal 
Btriffi.  SD.  ii.  p.  75,  pi.  57.  f.  359.  Aber- 
deen.   -0008"  to  -0011". 

S.  lutescens  (K.). — ^Tufted,  when  dry 
of  a  reddish  colour,  glossy;  filaments 
subsimple,  capillary,  coloured  and  empty 
at  base,  hyaline  and  filled  with  navi- 
culse  at  the  apex ;  naviculse  oblong-lan- 
ceolate, obtuse.  KB.  p.  112.  Europe. 
1-1200". 

S.Jlamcm  (K.). — Frond  tufted,  lubri- 
cous, yellow;  filaments  tenacious,  cry- 
stalline, achromatic,  straight,  fastigiate, 
branched;  branches  attenuated  at  the 
apex,  erect ;  naviculse  scattered  or  inter- 
ruptedly aggi-egate,  oblong  or  linear,  with 
obtuse  or  truncate  ends.  KSA.  p.  101. 
France.    Navicidse  rather  broad. 

S.  luteum  (K.). — Frond  tufted,  yellow ; 
filaments  achromatic,  capillary,  subfra- 
gile,  nearly  equal  throughout ;  navicidas 
linear  or  acicular,  inconspicuous,  alter- 
nately loosely  and  densely  compacted. 
KA.  p.  102.    France.  1-1080". 


S.  sordidum  (K.).— Fronds  minute, 
tufted,  pai-asitic,  dull  bro\vnish-grey ; 
filaments  subdichotoraous,  achromatic, 
with  equal  branches;  naviculae  slender, 
truncate ;  valves  lanceolate-linear,  rather 
obtuse.  KB.  p.  113,  pi.  24.  f.  1.  =Mon- 
ncma  sordidum,  Meneg.  On  Zostera. 
Europe.   1-1440"  to  1-1200". 

S.  tenue  (Ag.). — Filaments  arachnoid, 
irregidarly  branched;  na^dculffi  elliptic, 
disposed  almost  in  a  single  series.  KB. 
p.  112,  pi.  23.  f.  2.  =  3Ionnema  tenue, 
Meneg.  Adi-iatic  Sea.  When  dried  it 
appears  as  a  sulphur-gi-een  stain;  fila- 
ments inconspicuous  from  their  tenuity, 
Ag.  Professor  Kiitzing  refers  Agardh's 
species  to  his  S.  mucosum,  but  we  doubt 
their  identity. 

S.  simplex  (E.,  K.).  —  Frond  subsoli- 
tary;  naviculse  smooth,  oblong,  with 
rounded  ends,  in  a  simple  series  within 
flexible  filiform  tubes.  KA.  p.  99.  = 
Naunema  simplex,  E  Inf.  p.  234,  pi.  20. 
f.  12 ;  3Ionnema  inconspicuum,  Meneg. 
p.  436?  Adriatic  Sea.  1-1150"  to  1-570", 

S.  Lenormandi  (K.). — Parasitic,  short, 
subsimple,  in  woolly  tufts ;  filaments 
achromatic,  for  the  most  part  with  empty 
apices  ;  naviculse  quadrangular,  arranged 
in  a  simple  series.  KA.  p.  99.  =  3Ion- 
nema  Leiiormandi,  Meneg.  France. 
Allied  to  S.  tenue,  but  with  smaller 
fi'ustules,  Meneg. 

S.  tenuissitnum  (K.).  —  Filaments 
crisped,  subramose,  hyaline,  very  slen- 
der, densely  interwoven  into  a  compact, 
brown  mucous  stratmn;  naviculse  very 
minute,  linear,  ti'uncate,  in  obsolete 
series.  KB.  p.  Ill,  pi.  23.  f.  111.  1-3. 
=Monnema  tenuissimum,  Meneg.  Adri- 
atic Sea. 

S.  striolatum  (K.).  —  Fi'onds  tufted, 
green,  crisped,  capillary,  fastigiately 
branched ;  filaments  ti-ansversely  stri- 
ated, nearly  empty  at  the  base,  tilled  at 
the  apex,  crystal-hyaline  throughout; 
naviculas  oblong,  obtuse  in  the  lateral, 
trimcate  in  the  front  view.  /3  darigerum, 
branches  u'regidar,  covered  mth  obovate 
or  clavate  ramuli.  KB.  p.  114,  pi.  26.  f.  2. 
=  Monnema  striolaUnn,  Meneg.  Ger- 
many and  France. 


Genus  MICEOMEGA  (Ag.,  Kiitz.)  (  =  Schizonema,  J/encf/.).  —  Frustiiles 
naviculoid,  arranged  in  two  oi'  more  longitudinal  series  within  a  gelatinous, 
filiform  or  setaceous  frond,  or  contained  within  tubes  united  longitudinally 
into  a  compound,  often  membranaceous  frond.  Microraega  is  distiuguislied 
from  Schizonema  by  its  compound  frond.  We  believe  that  under  one  genus 
have  been  comprised  species  belonging  to  two  distinct  tyiies,  which  peiiiaps 
-  ought  to  foi-m  two  genera. 
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The  first  contains  species  having  series  or  files  of  naviculse  surrounded  by 
a  gelatinous  covering,  and  by  their  union  forming  a  compound,  generally 
stout  frond,  externaUy  furnished  with  a  common  epidermis.  Type,  M.  Smitha. 
The  species  of  this  section  are  highly  gelatinous,  and  consequently  adliere 
firmly  to  paper  in  drying,  are  frequently  of  considerable  thickness  at  the 
base,  and  often  have  their  extremities  lobed,  proliferous,  or  peniciUate.  The 
margins,  especiaUy  in  old  specimens,  are  generally  more  or  less  rough  or 
irreo-idar    The  frustules  are  released  by  the  destruction  of  the  gelatine,  and 
not%y  injuiy  to  the  extremities,  as  in  the  case  of  tubular  fronds.  Each 
series  of  fiaistules  seems  to  have  its  own  proper  gelatinous  covermg,  and  the 
iimctions  are  marked  by  faint  longitudinal  hnes;  but  these,  which  have 
been  supposed  to  indicate  tubes,  are  often  very  indistinct;  hence  arises  much 
of  the  difficulty  in  determining  their  proper  genus.  t  i 

The  second  section  contains  species  which  have  a  strictly  compound  trend 
of  distinct  tubes  longitudinaUy  connected,  each  tube  similar  to  a  frond  ot 
Schizonema.  The  fronds  are  generaUy  membranaceous,  and  adhere  imper- 
fectly to  paper;  the  frustules,  arranged  more  or  less  iijegulai-ly  m  theu- 
tubes,  are  liable  to  escape  from  an  opening  at  any  part  Type,  M.  cornoides. 
If  these  sections,  as  is  probable,  should  hereafter  rank  as  genera,  the  three 
alHed  genera  might  be  named  and  characterized  as  foUows :— 

1.  Moion^MA  (Grev.,  Meneg.)  (=Schizonema,  Ag.,  Zute.).-I'rond  tubular, 

''lI'toMA  (Ag.,  Grev.,  Meneg.)  (=Micromega,  Ag.,  Zttfe.).  -  Prond 

gelatinous,  not  tubular.  ,  ,      ,  +,,i^o;i  tTio 

^  3.  M™esa  (Ag.,  Ehi'.).-Frond  tuUilar,  two-  or  more  tubed  The 
branching  in  Micromega,  especiaUy  in  the  species  belongmg  to  the  first 
section,  results  from  the  separation  of  the  series  of  naviculse,  a^d  is  not  the 
branching  of  a  tube,  as  in  Schizonema 


*  Frond  gelatinous,  containing  longitu- 
dinal series  of  navicidce. 

MiCBOMEGA  Sinithii  (Ag.)- —  Erond 
robust,  setaceous,  gelatinous,  firm,  simple 
below,  much  branched  above,  frustules 
in  longitudinal  series ;  valves  lanceolate, 
acute ;  strise  40  in  -001".  =  Schizonema 
Smithii,  AD.  p.  18;  SD.  ii.  p.  76,  pi.  57. 
f.  362.  Rocks  and  Algse.  Common. 
Fronds  usually  scattered,  pale-yeUowish 
olive;  naviculse  disposed  in  subdistant 
files  withia  the  colourless  jeUy  of  the 
fi-ond.  1-600". 

M.  helminthosum  (Chauv.). — Fronds 
robust,  setaceous,  gelatinous,  lubricous, 
tufted,  much  branched,  with  acute  apices; 
naviculse  in  longitudinal  series;  valves 
elliptic-oblong,  with  rounded  ends ;  sti-i£e 
48  in  -OOl".  =  Schizonema  helminthosum, 
AD.  p.  20;  KA.  p.103;  SD  ii.  p.  74, 
pi.  56.  f.  355;  S.  Arbuscida,  KB.  pi.  2/. 
f.  1 ;  Naunema  Arluscula,'El-n.l ; 
ticidosum,  KA.  p.  104.  Rocks.  Colom- 
olive-brown,  becoming  gi-eenish-gi-oy  and 
without  gloss  in  drying.  I7504  .  It 
may  be  known  from  M.  Smithit  hy  its 
more  tufted,  often  gi-egarious,  lubricous 


and  darker-coloui-ed  fronds,  and  its  larger 
and  very  obtuse  valves. 

M.  torquatum  (Hai-v.).—Fi'ond  robust, 
simple  below,  much  divided  above,  idti- 
mate  divisions  much  twisted;  naviculse 
in  longitudinal  files;  valves  oblong-lan- 
ceolate; stiife  40  in  ■OQV:=  Schizonema 
torquatmn,  Me. ;  SD.  ii.  p.  76,  pi.  57. 
f.  361 ;  S.  Smithii,  ^.  torquatum,  Harv. 
Manual,  p.  211;  Ilicromega  setaceum,  y. 
torquatum,  KA.  p.  107.  Britain.  In  size 
and  coloiu-  it  agrees  vnth  M.  Smithti,  but 
is  remarkable  for  havmg  its  branches 
cm-led ;  its  naviculte  are  more  distmctly 
in  chains,  shorter  and  broader  m  propor- 
tion to  their  length  than  in  that  species. 
1-720"  to  1-690". 

M.  Poll/dados  (K.).— Fi-ond  setaceous, 
dichotomously  branched;  branches  dou- 
ffated,  slender,  rather  rigid ;_  nayiculje 
(membranaceous?),  flaccid,  m  distmct 
tubes.  KB.p.n8,pl.28.  f  1  Em-ope. 
Spermatia  efliptic.  1-1086"  to  l-9bO  . 
Meueghmi  unites  this  form  with  M.  tw- 

"^''tLnehdostm  (^le.).  — Frond  slightly 
greenish,  cloudy,  subachromatic,  torming 
an  intricate  mucous  stratum ;  tubes  gela- 
tinous, achromatic,  obsolete;  navicuire 
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sloiuier-lauceolate,  rather  obtuse,  loosely 
scattered.  =  Schizo/iema  nehulosum,  KA. 
p.  99.  Dalmatia.  "  Kiitziug  is  right  in 
remarking  that  niy  Schkonema  nehulosum 
corresponds  to  M.  torquatum  in  the  form 
and  dimensions  of  the  navicidae.  Al- 
though when  di'ied  upon  paper  it  only 
fonus  a  light  cloud,  yet,  when  diligently 
examined,  it  proves  similar  in  ramifica- 
tion to  Hai'vey's  species  "  (Me.  p.  445). 
1-1080". 

M.  Wyattii  (HaiT.).  —  Frond  carti- 
laginous, setaceous  at  base,  much 
branched ;  branches  capillary,  erect, 
sti-aight,  with  acute  axils,  tapering  to  a 
fine  point;  naviculse  lanceolate,  densely 
packed  in  jeUy.  =  Schizonema  Wyattii, 
Hai'v.  Manual,  p.  211.  England.  Foi-ms 
globose  tufts.  This  species  comes  near 
S.  Smithii,  but  is  much  more  slender, 
and  opens  more  readily  and  with  greater 
elasticity  after  being  dried. 

M.  moUe  (S.).  —  Frond  gelatinous, 
simple  below,  membranous  by  cohesion 
above ;  margin  much  divided,  into  acute 
segments ;  navicidas  in  crowded  files ; 
valves  lanceolate,  acute,  with  48  striae 
in  •(Xy[.".  =  Schizone7na  molle,  SD.  ii.  p.  77, 
pi.  58.  £365.  Britain.  -0012"  to -0015". 
The  naviculse  are  very  like  those  of  M. 
helminthosum,  but  the  form  and  structure 
of  the  frond  are  altogether  different.  The 
frond  is  soft  and  flaccid,  but  the  naviculffi 
are  firmly  siLicious. 

M.  divergem  (S.). — Frond  simple  be- 
low, sparingly  divided  or  by  cohesion 
irregiilarly  snbmembranous  above;  valves 
oblong-lanceolate,  with  42  striae  in  -001". 
=  Schizotiema  divergens,  SD.  ii.  p.  76, 
pi.  57.  f.  363.  Lame  Lough.  -0013"  to 
•0018".  Remarkable  for  the  difltused 
arrangement  of  the  primary  divisions. 
The  species  is  closely  allied  to  M.  Smithii 
and  M.  torquatum. 

M.  sirospermum  (K.).  —  Frond  rather 
stout,  rigid,  olive,  cartilaginous,  much 
branched;  branches  imequal,  irregular, 
curved,  setaceous;  navicidse  lanceolate, 
in  dense  series,  often  inflated  into  glo- 
bose; spennatia  concatenate.  ILA..  p.  109. 
=  Schizonema  sirospe)-mu7)i,M.e.  England. 
Perhaps  a  state  of  M.  Smithii.  1-720". 

M.  setaceum  (K.).  —  Frond  setaceous, 
olive,  rigid,  subdichotomous ;  branches, 
lateral  and  terminal,  abbreviated,  spine- 
like; navicidaB  in  crowded  series;  valves 
lanceolate,  acute.  KB.  p.  117,  pi.  25. 
f.  2,  3.  =  Schizonema  setaceum,  Me.  Adri- 
atic Sea.  1-720"  to  1-696".  Spennatia 
elliptic-globose. 

M.  corymhosiim  (Ag.,  K.).  —  Frond 
arborescent,  rather  stout  at  the  base, 


firm,  rigid,  yellowish,  much  branched; 
branches  setaceous,  rigid,  here  and  there 
corymbose;  navicida)  in  distinct,  close 
series;  valves  elliptic-lanceolate.  KB. 
p  117  pi.  27.  f.  9.  =  Schizonema  conjm- 
LsMm,  AD.  p.  21.    England.  1-960". 

M.  hydnu-oidcs  (K.).— Fronds  greenish 
or  brown,  idtra-setaceous,  rigid ;  branches 
elongated ;  ramuli  fasciculated,  capillary ; 
naviculie  in  close  series,  minute,  rather 
broad ;  valves  with  rounded  ends.  = 
Schizonema  hydmroides,  KB.  p.  114,  pi.  26. 
f.  7.    Heligoland.  1-1380". 

M.  Bryopsis  (K.). — Frond  gi'een,  seta- 
ceous, rigid,  branched ;  branches  scat- 
tered, superior  ones  patent,  obtuse ;  na- 
viculse  oblong,  ti'uncate  in  front,  and 
rounded  in  lateral  view.  =  Schizonema 
Bryopsis,  KB.  p.  114,  pi.  26.  f.  8.  Heli- 
goland. 1-680". 

M.  trichocephalum  (K.). — Frond  green- 
ish-yellow, ultra-setaceous,  rigid,  tufted, 
spaiingly  branched;  inferior  branches 
scattered,  simple ;  terminal  ones  crowded, 
curved,  subulate,  capitate ;  naviculse  in 
very  close  series,  minute.  =  Schizonema 
trichocephalum,  KB.  p.  114,  pi.  27.  f.  3. 
Heligoland.  1-1440". 

M.  capitatum  (K.). — Frond  pale  green, 
setaceous;  branches  elongated,  slender, 
virgate,  with  a  corymbose,  capitate,  acute 
apex ;  naviculfe  in  distinct  series,  minute ; 
valves  lanceolate.  =  Schizonema  capita- 
turn,  KB.  p.  114,  pi.  27.  f.  4.  HeHgoland. 
1-1200". 

M.  myxacanthum  (K.).  —  Less  stout 
than  M.  corymbosum,  gelatino-cartUa- 
ginous,  pale  brown ;  branches  diverging, 
attenuated  at  the  base,  digito-multifid 
at  the  apex ;  divisions  patent,  acute ; 
series  of  lanceolate  naviculfe  at  base 
few  and  loose,  above  more  numerous, 
crowded  at  the  apex.  IDS.  p.  117,  pi.  24. 
i.  8.  =  Schizonema  myxacanthum.  Me. 
Adiiatic  Sea. 

M.  aureum  (K.).  —  Frond  arborescent, 
setaceous  at  base,  rather  rigid,  ochra- 
ceous-yellow,  much  branched,  fastigiate ; 
branches  capUlary,  pale,  mucous ;  series 
of  navicidse  and  tubes  distinct,  crowded ; 
valves  lanceolate.  KB.  p.  117,  pi.  27.  f.  8. 
=  Schizonema  aureum,  Me,  Sidniouth. 
1-960". 

M.  obtusum  (Grev.).  —  Frond  robust, 
setaceous,  elastic,  firm,  irregidarly  dicho- 
tomous,  with  roiuided  axils  and  obtuse 
apices ;  naviculre  minute,  crowded  in 
irregular  files;  valves  elliptic-oblong.  = 
Schizonema  ohtusiim,  Grev  BF.  vi.  pi.  802 ; 
SD.  ii.  p.  78,  pi.  58.  f.  368.  Britain. 
The  naviculaa  are  excessively  crowded, 
and  we  arc  uncertain  whether  this  spe- 
3  0  2 
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cies  ouglit  not  rather  to  be  placed  in 
Scliizonenm.  "Frond  tliicker  than  a 
hog's  bristle,  and  nearly  of  equal  diameter 
throughout ;  coloui'  brownish-yellow,  be- 
coming yellowish-gTeen  in  dying.  A 
handsome  and  distract  species,  well 
marked  by  its  roimdish  axils  and  obtuse 
apices"  (Ilai-vey). 

M.  Blyttii  (Ag.).  —  Frond  elongated, 
filiform, "many  times  ii-regularly  d.icho- 
tomous,  with  romided  axils,  cylindrical, 
not  attenuated;  naviculfe  in  numerous 
parallel  series.  AD.  p.  23.  =  Schizonema 
Blyttii,  Me.  Norway.  An  elegant  and 
remarkable  species ;  fronds  erect. 

M.  mesoglceoides  (K.). — Frond  stout, 
TOiy  gelatinous,  greenish,  irregidaiiy 
branched;  branches  dense,  numerous, 
rmequal ;  ramuli  incrassated  at  the  apex, 
patent;  navicidse  rather  in'egularly  ag- 
gregated, dense ;  valves  with  attenuated 
apices.  =  Schizonema  mesoglceoides,  KA. 
p.  103.    Aberdeen.  1-600". 

M.  humile  (K.). — Frond  parasitic,  very 
short,  tufted,  erect,  subramose ;  branches 
with  obtuse,  hyaline  empty  apices; 
naviculsB  acute,  linear-lanceolate,  ar- 
ranged in  two  to  fom-  series.  =  ScMzo- 
nema  humile,  KB.  p.  Ill,  pi.  23.  f.  7. 
Adriatic  Sea.  Naviculae  in  front  view 
linear,  ti-uncate.  1-1200". 

M.  pcqnllosum  (Me.).  —  Frond  para- 
sitic, small,  very  mucous,  gi-een;  fila- 
ments ultra-setaceous,  subsimple  or  fm-- 
nished  with  acute  spiniform  ramuli, 
evervwhere  covered  with  very  minute, 
regrilarly  disposed  papiUte ;  valves  nar- 
row-elliptic, rather  oht\ise.  =  Schizonema 
papillosicm,  Me.  p.  452.  Dalmatia.  Na- 
vicula3  in  series,  four  times  as  long  as 
broad,  in  front  view  slightly  elliptic, 
with  truncate  ends.  The  papilla}  appear 
hemispherical  or  slightly  conical,  and 
are  arranged  in  quincunx,  Me. 

M.  Stalianum  (Me.,  K.).— Fronds  pa- 
rasitic, gelatinous,  green  or  greenish- 
brown;  filaments  setaceous,  elongated, 
ii-regularly  branched;  branches _ diverg- 
ino',  short ;  naviculse  in  series,  six  times 
as"  long  as  broad ;  valves  elongated- 
elliptic,  obtuse.  KA.  p.  106.  =  Schizo- 
nema  Stalianmn,  Me.  p.  452.  Dalmatia. 
Is  very  mucous  and  adheres  strongly  to 
paTDer:  naviculffi  in  front  view  exactly 
Lear.    1-420"  to  1-360^ 

M.  Corinaldi  (Me.).— Frond  parasitic, 
small,  green  ;  filaments  subsimple,  se- 
taceous ;  frustiQes  minute,  five  times 
as  long  as  broad;  valves  narrow-eUip- 
iic.  =  Schizonema  Corimldi,  Me._p.  4od. 
Marseilles.  Navicidse  in  series,  in  Iront 
view  exactly  linear.  The  threads,  slightly 


mucous,  are  usually  Bimple ;  the  few  ra- 
mifications are  short  and  divaricate,  Me. 

M.  fastirjatum  (K.).— Frond  setaceous, 
olivaceous,  much  branched ;  ultimate 
branches  subcorymbose,  with  lanceolate- 
acuminate  apices ;  naviculse  minute,  ob- 
long, obtuse,  in  loose  series.  KA.  p.  108. 
Torquay.    Secondary  tubes  obsolete. 

M.  medusinmn  (K.). — Frond  cartila- 
gino-gelatinous,  hyaline,  brown,  turgid 
at  the  base,  separated  at  the  apex  into 
penicillate  fibres;  series  of  naviculffi 
loosely  entangled,  intermixed  with  flex- 
uose  longitudinal  fibres.  KJ3.  p.  118, 
pi.  25.  f.  6.  =  Schizonema  medusiiium,  Me. 
Adriatic  Sea.    Valves  lanceolate. 

M.  hyalinum  (K.).— Frond  colourless, 
hyaline,  gelatiao-cartUaginous,  soft,  seta- 
ceous at  base,  much  branched;  branches 
attenuated,  capillary,  empty  at  the  apex ; 
series  of  naviculee  few,  loose,  intei-inixed 
with  a  few  fibres;  naviculse  minute; 
valves  oblong-lanceolate,  obtuse.  KB. 
1. 117,  pi.  24.  f.  6.  =  Schizonema  hijalinum, 
lie.  Adriatic  Sea.  Naviculee  1-960"  to 
1-780" ;  in  front  view  truncate. 

M.  tenellum  (K.).— Frond  colourless, 
hyaline,  gelatiuo-cai-tilaginous,  setaceous, 
branched,  subdichotomous ;  branches 
delicate  and  empty  at  the  apex;  series 
of  slender  naviculte  and  internal  tubes 
distinct.  KB.  p.  117,  pi.  24.  f.  7.  =  Schi- 
zonema te7iellum,  Me.    Adriatic  Sea. 

M.  Syalopus  (K.).— Frond  colourless 
and  hyaline  at  the  base,  above  greenish, 
narrow,  much  branched;  branches  fa^- 
tigiate,  subacute,  fuU  to  the  apices ;  lower 
series  of  naviculse  lax,  superior  crowded ; 
valves  lanceolate.  KB.  p.  117,  pi.  25. 
{.  5.  z=  Schizonema  Syalopus,  Me.  Adri- 
atic and  French  Seas,  Jersey.  Internal 


tubes  obsolete ;  naviculae  in  fi-ont  view 
oblong,  ti-uncate;  spematia  immei-sed, 
globose. 

M.  ladniatum  (Haiwey).  —  Frond  ro- 
bust, setaceous  below,  incrassated  above, 
very  tender  and  gelatinous,  cleft  _  into 
numerous  tapering  branches;  na-siculffi 
very  minute,  in  close  files ;  valves  elbp- 
tic-'lanceolate,  ohi\isQ.  =  Schizonema  hci- 
niatum,  Harv.  Maoi.  p.  210;  SD.  u.  p.^9, 
pi.  59.  f.  371 ;  S.  scopanum,  KB.  p.  1X4, 
pi.  27.  f.  7.  Em-ope.  Frond  cleft  above 
inito  numerous  in-egular  jagged  branches. 

M.  parasiticum  (Grift.,  K.).  -Frond 
gelatinous,  capillai-y,  tufted,  much  aua 
intricately  branched  fi-om  the  base; 
branches  flexuose,  with  rounded  axils; 
frustules  crowded  in  distinct  files;  A^alves 
lanceolate,  acute.  KB.  p.  116,  pi.  2M.  A 
=  Schizonema  parasUicum,  Harv.  JMani 
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p.  213 ;  SD.  ii.  p.  79,  bI.  59.  f.  371.  Eu- 
rope. Colour  pnle  yellowish,  sometimes 
brownish.    Naviculte  1-1380". 

M.  inccsteiis  (Montague).  —  Fronds 
pai-asitic,  minute,  lubricous,  brown, 
opaque,  fasciculated  J  filaments  dilated 
at  the  base,  diffusely  ramose ;  branches 
anastomosing ;  naviculre  large,  in  one  or 
two  series.  =  ScJiizonema  investens,  Mont. 
Annales  des  Sci.  Nat.  1850,  p.  308. 
Giiiana.    Naviculte  with  two  nuclei. 

M.  mucosum  (K.). — Frond  soft,  highly 
mucous;  filaments  contiguous  and  con- 
fluent; branches  irregular;  naviculae  in 
few  files;  valves  eUiptic-oblong,  with 
rounded  ends,  delicately  striated.  =  ScM- 
zonema  jniwosum,  KB.  p.  115,  pi.  26.  f.  9 ; 
SD.  ii.  p.  75,  pi.  57.  f.  360.  Adi-iatic  Sea, 
England.  This  species  can  scarcely  be 
the  ScJiizonevia  tenue  of  Agardh,  as 
Kiitzing  has  supposed. 

M.  parvum  (Me.). — Frond  olive-green, 
mucous;  filaments  hyaline,  simple  (?), 
much  entangled  and  ciu-ved ;  na'viculse 
in  distinct,  loose,  oblique  or  straight 
series  ;  valves  lanceolate.  =  Schizonema 
parvum,  Me  KA.  p.  100.  Venice,  Cay- 
enne. Naviculte  m  front  view  linear, 
rectangular.  1-1200". 

M.  Meneghinii.  —  Frond  green,  very 
gelatinous;  filaments  very  hyaline,  lu- 
bricous, fastigiately  di\-ided  and  laci- 
niated ;  naviculse  lanceolate,  in  loose, 
rather  distant  senes.  =  Scliizonema  bom- 
hycinum,  Me  KA.  p.  100.  Venice. 
1-1200". 

M.  Kiitzingii.  —  Fronds  tufted,  intri- 
cate, much  branched ;  filaments  hyaline, 
with  rather  acute  apices;  naviculte  in 
distinct  series ;  valves  lanceolate,  acute. 
=  Sch{zonemaJloccosum,KB.  p.  113, pi. 24. 
f.  3.  Germany.  Naviculfe  in  fi'ont  view 
oblong,  trimcate.  1-600". 

M.  crispum  (Mont.).  —  Fronds  smaU, 
crisped,  capillary,  green,  branched ;  fila- 
ments obtuse,  dilated  and  multifid  at 
the  apex;  navicidae  very  minute,  much 
crowded  in  obsolete  senes.  ■=  Schizo7iema 
crispum,  KB.  p.  113,  pi.  29.  f.  71.  Auck- 
land Islands. 

M.  plumosum  (K.).  —  Frond  tufted, 
wavy,  rather  curled,  green,  fastigiately 
branched ;  filaments  densely  fiUed  at  the 
ends,  dilated,  midtifid ;  naviculaj  distinct, 
very  minute ;  valves  oblong-elliptic,  with 
rounded  ends.  =  Schizonema  plumosum, 
KB.  p.  11.3,  pi.  26.  f.  1.  Eui-ope.  Navi- 
culaj  in  front  view  oblong,  ti-uncate. 
1-1440".  ^ 

M.  Zanurdinii  (Me.).— Frond  very  fine, 
pale  gi-een ;  filaments  capillary,  gradtially 
_8eparating    into  corymbose  arachnoid 


branches  of  one  series ;  naviculo3  in  loose 
series,  four  times  as  long  as  broad  ; 
valves  elliptic.  ='S'c/w20Me??2«  Zanarclinii, 
Me.  p.  453.  Venice.  Navicidte  in  front 
view  exactly  linear.  Fronds  in  globular 
tid'ts,  which,  dried  upon  paper,  form 
uniform  spots,  in  which  the  separate 
threads  can  only  be  distinguished  by  a 
lens.  In  its  mode  of  ramification  it  re- 
sembles M.  flagelUferum,  Me. 

IsL  Jiageiliferum  (K.).  —  Fronds  very 
minute,  tufted,  pai-asitic,  floccose,  capil- 
lary; branches  erect,  separated  at  the 
apex  into  flageUiform  fibres;  series  of 
the  very  minute  navicidse  and  internal 
tubes  distinct.  KB.  p.  116,  pi.  24.  f.  4. 
=  Schizonema  flagelliferum.  Me.  1-1920" 
to  1-1560". 

M.  fioccosum  (K.).  —  Frond  minute, 
subcapiUary,  branched,  rather  delicate, 
gelatinous;  series  of  the  long,  obtuse 
and  truncate  naviculiB  and  internal  tubes 
very  distinct.  KB.  p.  116.  Adi'iatic  Sea. 
1-720". 

M.  intricatum  (K.).  —  Frond  delicate, 
subgelatinous,  nebulose,  paUid  yeUow, 
irregularly  branched ;  branches  patent, 
upper  ones  abbreviated;  series  of  navi- 
cidtB  loose,  intermixed  with  very  fine 
longitudinal  fibres;  naviculfe  oblong, 
obtuse,  very  minute.  KB.  p.  116,  pi.  26. 
f.  5.  =  Schizonema  intricatum,  Me.  Eng- 
land.   1-1440"  to  1-680". 

M.  bomhycinum  (K.). — Frond  pale  yel- 
low, contorted,  twisted,  much  branched, 
capillary ;  navicidre  remotely  concate- 
nate, inconspicuous,  and  very  minute. 
KB.  p.  116,  pi.  26.  f.  6.  =  Schizonema 
bombgcinum,  Me.  Europe,  (xiv.  43, 44.) 

M.  ?  Agardhii  (E.).  —  Naviculfe  very 
nan-ow,  acute,  arranged  in  a  simple 
series  within  a  proper  tube ;  tubes  fas- 
ciculately  joined  into  a  filament.  = 
zonema  Agardhii,  E  Inf.  p.  238,  pi.  20. 
f  16.  _  North  Sea.  (x.208.)  Professor 
Kiitzing  unites  this  species  with  M.  bom- 
bycinum;  but  the  fi'ustides  are  apparently 
(judging  from  the  respective  figures) 
much  larger. 

_  M.  patens  (K.). — Frond  minute,  para- 
sitic, fioccose-capillary,  soft,  gelatinous ; 
branches  divergent  or  patent,  \vith  ob- 
tuse apices;  series  of  naviculfe  and  in- 
ternal tubes  distinct  ;  naviculfB  very 
minute.  ICB.  p.  116,  pi.  24.  f.  5.=zSchi- 
zonetna  patens,  Me.  1-2400". 

M.  Uneatum  (K.). — Frond  decumbent, 
intricate,  capillary,  olivaceous,  tenacious, 
lubricous,  subi-aniose;  branches  at  the 
apex  attenuated,  curved,  ratlior  obtuse ; 
series  of  the  very  minute  lanceolate 
navicuko  distinct.    KB.  p.  116,  pi.  23. 
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f  4.  =  Schizonema  lineatum,  Me.  Dal- 
matia.    1-1320"  to  1-1200". 

M.  gracillimum  (S.).— Frond  capillary, 
simple  below,  sparingly  branclied  and 
submembranous  towards  the  apices ;  na- 
viciilas  crowded  in  irregulai-  files ;  valves 
lanceolate,  acute.  =  Schizonema  gracilli- 
mum, SD.  ii.  p.  79,  pi.  59.  f.  372.  Tor- 
quay. -0009". 

M.  nii/rwum  (K.).— Fx'onds  forming  a 
dull-,  obscure-green,  mucous,  intricate 
sti-atum ;  filaments  very  fine,  simple  (?), 
soft,  hyaline ;  navicidse  acuminate,  lan- 
ceolate, in  dense  series,  indistinct  when 
dried.  =  Schizonema  Illyricum,  KB.  p.  Ill, 
pi.  22.  f.  3.  Trieste.  1-1680"  to  1-1440". 

M.  minutum  (K.).  —  Frond  parasitic, 
very  short,  fine,  decumbent,  subramose  ; 
branches  tapering  to  acute  apices ;  navi- 
cid£e  acute,  lanceolate,  in  few  (2  to  4) 
series.  =  Schizonema  minutum,  KB.  p.  Ill, 
pl.  23.  f.  5.  Adriatic  Sea.  ^  Naviculee  in 
&ont  view  linear.  1-1176". 

2  *  Frond  composed  of  tubes  longitudi- 
nally connected. 


M.  comoides  (Grev.).— Filaments  dii-ty 
brown,  coarse,  membranaceous,  elongated, 
twisted,  composed  of  parallel  tubes; 
frustules  crowded;  valves  oblong-lan- 
ceolate; strise  48  in  -001".=  Schizonema 
comoides,  Grev.   (scarcely  of  Agardh, 
certainly  not  the  Conferva  comoides  ot 
Dillwyn)  ;  Hook.  Br.  F.  p.  413 ;  SD.  ii. 
p  75  pl  57.  I  358 ;  Schizonema  araneo- 
mm'^KB.  p.  113,  pl.  25.  f.  9.  Flat  rocks, 
often  in  vast  quantities.    It  is  very  re- 
markable that  this  coarse,  dirty-looking 
species  should  ever  have  been  confoimded 
with  the  Conferva  comoides,  DiUw.  The 
latter,  we  were  assured  by  Mr.  Dillwyn, 
was  totally  unlike  the  present  species, 
and  was  correctly  described  by  him. 
Unfortunately  Mr.  Dillwyn  was  imable 
to  find  an  original  specimen  of  his  spe- 
cies, but  he  believed  that  a  very  slender 
simple-tubed  Schizonema,  of  a  bright 
brown  colom-,  which  we  once  found  in 
great  abimdance  in  April,  on  the  rocks 
outside  the  Mumble  Lighthouse  ueai- 
Swansea,  was  the  true  Conferva  comoides. 
The  present  species  is  usually  twisted  in 
a  rope-like  manner,  retains  its  coloiu-  in 
drying,  is  very  opaque,  and  does  not 
adhere  to  paper.     _    ^     ^     ,  i 

M.  ramosissimum  (Ag.).— Frond  robust, 
fimi,  membranaceous,  much  branched; 
branches  short,  swelling  upwards ;  ti-us- 
tules  minute,  densely  arranged  in  distinct, 
parallel  tubes;  valves  oblong-lanceolate. 
AD.  p.  22.  =  Schizonema  ramosissimum, 


Harv.  Man.  p.  210 ;  SD.  ii.  p.  78,  pl.  59. 
f.  369.  Em-ope.  Somewhat  resembles 
M.  comoides  m  appearance,  but  is  less 
elongated  and  less  twisted.  Does  not 
adhere  to  paper, 

M.  apiculatum  (Grev.,  Ag.). — Frond 
robust,  idtra-setaceous,  cartilaginous, 
ii-regularly  dichotomous  ;  branches  with 
clavate  ends,  teiminated  by  a  mucro ; 
secondary  tubes  distinct;  naviculee  mi- 
nute, crowded;  valves  lanceolate.  AD. 
p.  22 ;  KB.  p.  117,  pl.  27.  f.  10.  =  Schi- 
zonema apiculatum,  AA.  p.  11 ;  Harv. 
Manual,  p.  210.  Scotland. 

M.  corniculatum  (Ag.).— Frond  very 
stout,  cartilaginous,  erect,  rigid,  subdi- 
chotomous,  much  branched  above ;  ulti- 
mate ramidi  subulate  and  spine-like; 
navicidse  slender,  lanceolate,  contained 
in  distinct  secondary  tubes.  AD.  p.  24 ; 
KB.  p.  118,  pl.  28.  f.  2.=^ Schizonema  cor- 
niculatum. Me.  Adi'iatic  Sea.  Habit  of 
a  small  Fucus.  1-600". 

lA.  penicillatum  (Chaav.,  Ag.).— Frond 
thick  and  simple  at  the  base,  divided  at 
the  apex  into  veiy  numerous,  penicillate, 
fastigiate,  capUlary  branches.  AD.  p.  23. 
=  Schizonema  penicillatum,  Chauvin  ;  M. 
corniculatum  /3,  KA.  p.  109.  France. 

M.  pallidum  (Ag.).— Frond  pul^-mate, 
rigid,  subcartilaginous,  stout,  much 
aranched;  ramuli  suberect,  abbreviated, 
obtuse;  naviculge  minute,  in  lax  series 
within  distinct  secondarv  tubes.  AD. 
p.  23 ;  KB.  p.  118,  pl.  28.  f.  3.  =  Schizo- 
nema pallidum.  Me.  Adriatic  Sea. 
(xrv.  39-42.)  Tufts  hemispheiical, 
dense ;  colour  pallid,  verging  on  brown- 
ish yellow.    1-720"  to  1-696". 

M.  chondroides  (K.).— Frond  mmute, 
cartilaginous,  olive-colom-ed ;  terminal 
branches  aggregated,  clavate,  obtuse, 
here  and  there  with  hair-like  spines; 
series  of  naviculffi  and  secondary  tubes 
very  distinct,  crowded;  navicidse  mem- 
branous, flaccid,  minute.  KB.  p.  118, 
pl  25.  f  8.  =  Schizonema  chondroides,  Me. 
Adi-iaticSea.  1-1380"  to  1-1320".  Sper- 
matia  immersed,  globose. 

M.  spinescens  (K.).  — Frond  dwarfish, 
setaceous,  slightly  dUated  upwards;  ter- 
minal ramuli  acute,  spine-like ;  series  ot 
naviculte  and  secondary  tubes  crowded, 
\ery  distinct;  valves  lanceolate,  jyii. 
u  118,  pl.  27.  f.  U.  =  Schizonema  »pi»es- 
ce,is.  Me.  Adriatic  Sea.  Naviciilffi^  m 
front  view  oblong,  trimcate.  1-Jt>u  lo 
1-720".    Spermatia  internal,  globose. 

M.  albicans  (K.).— Frond  setaceou^ 
whitish  or  olive-gTeeu ;  branches  and 
ramuli  equal  in  thickness,  fascicuiatea 
or  whoried :  navicuLc  in  disrinct  series, 
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lanceolate;  secondary  tubes  distinct.  KB. 

S118  pi.  27.  f.  12.  =  Schizonema  albicans, 
ie.  Adriatic  Sea.  1-1200"  to  1-1080". 
Meueghiui  describes  the  valves  as  broadly 
elliptic. 

M.  Berkdeyi  (K.).— Frond  tufted,  didl 


olive-brown ;  filaments  setaceous,  rather 
rigid,  branched ;  branches  erect,  attenu- 
ated ;  naviculaa  large;  valves  elliptic- 
oblong,  in  very  distinct  secondary  tubes. 
KA.  p.  106.  Torquay.  Navicnla)^  in 
front  view  pai-aUelogramic.  1-1080". 


FAMILY  XIX.— ACTINISCE^. 

Individuals  silicious,  furnished  with  radiating  spines.  Marine.  The  Acti- 
niscefE  bear  little  or  no  resemblance  to  the  Diatomaceaj,  and  ought  to  be  ex- 
cluded fi-om  them.  M.  de  Brebisson  thinks  they  would  be  more  appropriately 
placed  near  the  ArceUa,  Euglypha,  or  some  aUied  genus.  On  the  other  hand. 
Professor  Bailey  would  refer  them  to  the  Polycystina. 

Genus  ACTINISCUS  (Ehr.).— Frustules  solid,  star-like.  Aetiniscus  differs 
from  Dictyocha  and  Mesocena  in  having  a  soHd  centre  or  body  from  which 
rays,  varying  in  number  and  form,  diverge. 


AcTiNiscus  Sirius  (E.).  —  Eays  6, 
acute,  winged  at  the  base.  EM.  pi.  33. 
15.  f.  1.  1-1150".  Alive,  Norway ;  fossil, 
America.  The  rays  seem  to  arise  from 
the  disc,  and  not  from  the  margin. 

A.  Pentasterias  (E.).— Rays  5,  acute, 
not  (or  but  partially)  exserted.  EM. 
pi.  35  a.  23.  f.  1.  1-1150".  Alive, 
Norway ;  fossil,  Greece  and  America. 

A.  tetrasterias  (E.).— Eays  4,  acute, 
not  (or  but  partially)  exserted.  EM. 
pi.  18.  f.  62.  1-1008".  Virginia.  The 
last  two  forms  may  be  varieties  of  A. 
Sirim. 

A.  ?  Stella  (E.).  —  Stellate,  with  6, 
marginal,  obtuse  rays  or  te&th.=  Dicty- 


ocha, E.  1838.  Fossil.  Em-ope  and 
Afi-ica. 

A.  P  qidnarius  (E.). — Stellate,  with  5, 
marginal,  obtuse  rays  or  teeth.  1-3120". 
Fossil,  ^gina. 

A.  ?  Eota  (E.).— Wheel-like,  vsdth  10, 
short,  obtuse,  spoke-like  rays.  1-1920". 
Gran. 

A.  ?  Discm  (E.). —  Disciform ;  centi'e 
smooth ;  rays  8,  marginal,  not  exserted. 
1-2304".  Gran.  According  to  Ehren- 
berg,  the  last  foiu-  species  may  belong  to 
Phytolitharia. 

A.  ?  Lancearius  (E.). — Stellate,  vsdth 
8  exserted,  lanceolate  rays,  and  some 
central  shorter  ones.  1-240". 


Genus  DICTYOCHA 
forated ;  foramina  large. 

*  Foramina,  or  cells,  two  or  three. 

Dictyocha  Ponticulus  (E.).  —  Frus- 
tules oblong,  unarmed,  transversely 
divided  into  2  ceUs.  1-432".  Fossil. 
Bermuda. 

D.  Quadratum  (E.).— Subquadrate  or 
oblong,  ti-ansversely  divided  into  2  cells, 
a  spine  at  each  end.  1-480".  Bermuda. 
These  two  forms  were  fii'st  obsei-ved  and 
figured  by  Professor  Bailey. 

D.  Pons  (E.). — Roundish,  with  2  cells 
and  4  spines.    1-504'.  Gran. 

D.  triacantha  (E.).— Triangular,  with 
spinous  angles ;  cells  3,  imarmed.  Mary- 
land. 

D.  tripyla  (E.).  —  Roimdish,  with  4 
in-egular  spines;  cells  3,  imarmed. 
1-492".  Gran. 

D.  trifonestra  (E.).  —  Quadrate,  4- 
spined;  cells  3,  dentate.  Recent  and 
fossil.    (XV.  35.) 


(Ehr.). — Frustules  free,  spinous,  reticulately  per- 


D.  Ahyssarum  (E.). — Frustules  tiian- 
gular,  with  2  cells ;  spines  3 ;  1  cell  fm-- 
nished  with  an  internal  tooth.  EB. 
1854,  p.  238.  Atlantic. 

2*  Diamond^shaped  or  quadrate ;  4- 
spined]  foramina  4  or  more. 

D.  Fibula  (E.).  —  Cells  4,  unarmed. 
1-1150"  to  1-560".  Recent  and  fossil. 
(XV.  34.) 

D.  Epiodon  (E.).  —  Resembles  D. 
Fibula,  but  the  cells  are  fmnished  with 
a  tooth.    Recent  and  fossil. 

D.  abnormis  (E.). — Cells  5,  unequal, 
all  marginal.    1-1080".  Fossil. 

D.  Crux  (E.).  —  Four  unamied  cells 
round  a  central  one.    1-624".  Fossil. 

D.  StaurodoH  (E.).  —  Resembles  D. 
Crux;  but  each  marginal  cell  bears  a 
tooth.    1-570".    Fossil.  Virginia. 

D.  mcsophthalma  (E.).  —  Resembles 
the  two  preceding  species ;  but  each  mai'- 
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11  has  2  opposite  teeth,  which 
it.    1-372^'.   Fossil.  Sicily. 


g'iiial  cell 
constrict 

D.  hipartita  (¥,.). — Eesemblea  D.  Crux, 
but  has  2  minute  cells  in  the  centre. 
1-504".    Fossil.    Oran  and  Sicily. 

D.  superstructa  (E.).— Spines  4;  cells 
9,  4  marginal.    1-600".  Fossil.  Sicily. 

3*  Spines  6  (2  usually  longefr), 

D.  liternaria  (E.).— Cells  6,  all  mar- 
ginal, the  3  largest  next  each  other. 
1-432".    Antarctic  Ocean. 

D.  Hexathyra  (E.).— Cells  6,  5  mar- 
ginal and  1  central.  1-864.  Fossil. 
Sicily. 

D.  Specuhmi  (E.).— Six  unarmed  cells 
round  a  central  one.  Common,  both 
recent  and  fossil.  1-860".   (xn.  62,63.) 

D.  gracilis  (K.). — Eesembles  D.  Spe- 
cuhmi ;  but  the  spines  are  elongated  and 
slender.  Eecent. 

D.  cliommata  (E.). — Six  unarmed  cells 
round  2  central  ones.  1-660".  Fossil. 
Virginia. 

D.  aculeata  (E.).— Resembles  D.  Spe- 
cithm;  but  each  marginal  cell  bears  a 
tooth.    Common,  both  recent  and  fossil. 

D.  Binoculus  (E.).  —  Resembles  D. 
aculeata,  but  has  2  minute  cells  in  the 
centre.    1-444".    Fossil,  ^gina. 

D.  uhera  (E.).— Cells  unarmed,  7mai'- 
ginal  and  2  central.   1-600".  Maryland. 

D.  triommata  (E.).— Cells  imarmed, 
6  marginal  and  3  central.  1-864". 
Virginia. 

D.  Haliomma  (E.).— Cells  10,  7  mar- 
ginal and  3  central.    1-840".  Oran. 

D./te?Hwp/ieertca(E.).— Hemispherical, 
6-spined  ;  12  cells,  in  two  circles,  round 
a.  central  one  ;  the  inferior  aperture  half 
closed  by  6  marginal  teeth.  1-744". 
Bermuda.  D.  triommata  and  B.  diom- 
mata  resemble,  in  their  tm-gid  habit, 
this  species. 

4*  Spines  more  than  6. 
D,  septeiiaria  (E.). — Spines  7;  cells 


unai-med,  7  marginal  and  1  central. 
1-864".  Oran. 

D.  Ornamenlum  (E.). — Resembles  D. 
septenaria ;  but  each  marginal  cell  bears 
a  tooth.    1-444".    Fossil.  Sicily. 

D.  heptacanthus  (E.). — Spines  7 ;  cells 
13,  7  of  them  marginal.  1-552".  Fossil. 
Greece. 

D.  octonaria  (E.). — Habit  of  D.  Orna- 
mentum,  with  8  spines;  marginal  cells 
iiTegular,  fewer  in  number  at  that  part 
where  the  spines  are  increased,  and  with 
a  very  large  centi-al  cell.  1-1152"  ex- 
clusive of  spines.  Perhaps  a  monstrous 
variety  of  D.  Ornamentum. 

D.  Stauracanthus  (E.).— Eight-spined ; 
4  marginal,  dentate  cells,  round  a  central 
one.    1-648".    Fossil.  America. 

D.polyactis  (E.).— Rays  9  or  10;  10 
marginal  cells  and  1  central,  an-anged  in 
a  reticulate  stellate  fonn.  In  chalk-mail. 

5*  Pentagonal;  angles  acute,  hut  not 
spinous. 

D.  eZciyaMs.— Pentagonal,  perforated  by 
numeroiis  small  cells  and  7  central  large 
ones,  of  which  one  occupies  the  centi-e. 
1-912".    Fossil.    Caltanisetta,  Sicily. 

Doubtful  or  obscure  Species. 
D.  Navicula  (E.).— Cells  8 ;  figui-e  ob- 
long, obtuse,  cylindrical,  reticular,  with 
a  median  septum  lilie  a  Navicula.  Fossil 
in  chalk  marl.  Ehi-enberg's  figm-e  re- 
sembles D.  Ponticulus. 

D.  ?  splendens  (E.).— Oblong,  tabular, 
with  dentate  apertm-es  (cells),  13  in 
nmnber.  If  it  be  calcareous,  it  is  similar 
to  Coniopelta. 

D.  anacantha  (E.).  —  Resembles  D. 
Spectdum,  with  obsolete  spines.  EB. 
1854,  p.  238.  North  America.  Perhaps 
a  variety. 

D.  Hrehi  (E.).— Resembles  D.  Specu- 
lum, with  small,  subetiual  spines ;  -walls 
of  the  cells  thm.  E.  /.  c.  North  America. 
A  doubtful  species;  perhaps  a  vaiiety. 


Genus  MESOCENA  (E.).— Frustxiles  free,  each  forming  a  i-ing,  which  is 
mostly  margined  with  spines  or  teeth.  Mesocena  resembles  Dictyocha,  but  is 
destitute  of  its  central  reticulation. 


I' 


Mesocena  heptagona  (E.).— Frustules 
annular,  with  7  external  teeth.  EM. 
il.  20.  1.  f.  49.    (xn.  71.)    Actiniscus  ?, 
Peru. 

M.  octogona  (E.).— Frustules  annular, 
mth  8  external  teeth.  Peru.  As  this 
form  differs  from  M.  heptagona  merely 
by  its  additional  tooth,  it  is  probably  a 
variety. 


M.  hisoctonaria  (E.).— Frustules  annu- 
lar, with  8  external  teeth,  and  as  mauy 
internal  ones  alternating  with  them. 
=  M.  Uoctonaria,  KA.  p.  142 ;  EM. 
pi.  35  A.  18.  f.  10.    In  Peruvian  guano. 

M.  hinonaria  (E.).— Frustules  anmdar, 
with  9  external  teeth,  and  as  many 
internal  ones  alternating  with  them. 
EM.  pi.  35  A.  18.  f.  9.     In  Peruvian 
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guauo.  Probably  a  variety  of  the  pre- 
ceding species. 

M.  Circulus  (E.). — Cell  circular ;  mar- 
in  tuberciilated.    1-57G".    EM.  pi.  19. 
44.    In  Greek  marl. 
M.  Diodon  (E.). — In  the  form  of  a 
smooth  elliptic  ring,  aimed  at  each  end 

EM. 


f. 


with  a  small 
pi.  33.  15.  f.  18. 


tooth.  1-396". 
Mai-yland. 


M.  dliptica  (E.).  —  Frustules  elliptic, 
with  4  teeth.  1-624"  to  1-456".  feM. 
pi.  20.  1.  f.  44.    Fossil.  Zante. 

M.  triangula  (E.).— Triangiilar,  with 
rough  sides,  and  mucronate  apices.  EM. 
pi.  22.  f.  41.    Fossil,  chalk-marl. 

M.  ?  Spongiolithis  (E.).— An  elliptic 
ring,  with  4  slight  alternating  swellings. 
1-492". 


GENEEA  or  DOUBTFUL  POSITION. 

Genus  EUCillMPIA  (Ehr.).  —  Frustules  hyaline,  imperfectly  silicious, 
cuneate,  without  terminal  puncta,  united  into  a  jointed,  spiral  filament. 
Marine.  This  genus,  placed  by  Ehrenberg  and  Kiitzing  with  the  Desmidieae, 
was  judiciously  removed  by  Professor  Smith  to  the  Diatomaceae,  with  which, 
it  agrees  in  structure  and  in  the  colour  of  internal  matter.  Professor  Smith, 
however,  considered  it  allied  to  Meridion  ;  in  oiu-  opinion  it  is  more  nearly 
related  to  the  Biddulphiese,  as  shown  by  the  absence  of  costse  and  terminal 
pimcta,  its  dotted  valves,  and  their  prominence  in  the  front  view. 


EucAMPiA  Zodiacus  (E.). —  Frustules, 
in  front  view,  with  the  jimction-margins 
deeply  sinuated,  so  as  to  form  foramina 
between  the  joints.  E.  Leb.  Ki-eide- 
thierchen,  pi.  4.  f.  8 ;  SD.  ii.  p.  25,  pi.  60. 


f.  299.    Europe,    (ii.  43.) 

E.  Britannica  (S.). — ^Frustules  cune- 
ate, not  excavated.  SD.  ii.  p.  25,  pi.  61. 
f.  378.   Europe.    Stomach  of  Pectens. 


Genus  LITHODESMIUM  (Ehi-.).— Fnistules  not  ceHuIose,  united  into  a 
jointed,  prismatic  wand ;  valve  triang-ular,  with  one  side  plane,  and  the  others 
undulated.  Lithodesmium  was  placed  with  the  Desmidiece  by  Ehrenberg, 
and  with  the  Diatomacese  by  Kiitzing.  Its  non-ceUulose  structure,  however, 
prevents  our  associating  it  with  the  Anguliferse,  as  proposed  by  the  latter. 


XiiTHODESsmiM  undtdatum  (E.).  — 
Frustules  smooth,  very  pellucid ;  valves 
with  obtuse  angles.    E.  Leb.  Ki'eide- 


thierchen,  1840,  p. 
Marine.  Ouxhaven. 


75,  pi.  4.  f. 
(u.  41,  42.) 


13. 


Genus  MICEOTHECA  (Ehr.). — Frustules  simple,  free,  compressed,  qua- 
drate. Placed  by  Ehrenberg  and  Kiitzing  with  the  Desmidieae.  We  remove 
it  to  the  Diatomacese,  because  of  its  marine  habitat  and  golden  colour ;  little 
however,  is  known  about  it,  and  its  nature  is  doubtful.  ' 


MiCBOTHECA  octoceras  (E.).  —  Cell 
quadi'ate,  hyaline,  with  fom-  spines  at 
each  end  J  internal  matter  of  a  golden 


colour. 
Marine. 


E  Inf. 
Kiel. 


164,  pi. 
vm.  31.) 


12.  f.  10. 


ADDENDA  TO  THE  DIATOMACEiE. 

Cyclotella  pertmuis  (B.).— Valves  ceUulate  or  punctate;  cells  radiant.  B. 
minute,  slightly  convex;  surface  minutely   on  Mic.  Fomis  in  the  Sea  of  Kamtschatka. 

The  foUowin^  con-ections  and  addition  to  Cyclotella  are  adopted  from  Professor 
Amott  8  paper  m  JMS.  wn.  p.  244. 

For  C.  opermdata  (p.  811),  substitute  :— 


C.  operculata  (Ag.,  Kutz.).  —  Ends  of 
frustules  undulate ;  valves  with  smooth 
centre,  and  close,  short  marginal  strife 
KB.  p.  50,  pi.  1.  f.  1.  =  Frustulia  and 
Cijmhella  operculata,  Ag.;  Pyxidicula 


operculata,  E.    Fresh  water.  Europe. 

[Professor  Amott  i-ogards  Stqyhano- 
pyxis  Niagarm,  and  perhaps  S.  ^gypiiacus 
as  identical  with  C.  Aatrcea.']  '  ' 
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For  C.  rectangula  (p.  811),  substitute  : — 

0.  Meneghiniana  (K.).  —  Front  view 
rectangular ;  valves  minute,  with  smooth 
centre  and  rather  coarse  marginal  striae. 


KB.  p.  50,  pi.  30.  f.  68.  C.  rectmigula, 
Rab  D.  p.  11.    Em-ope.    Fresh  water. 


For  C.  Dallasiana  (p. 

C.  Dallasiana  (Sm.).— Frustules  with 
flat  ends;  valves  with  bullate-rugose 
centre  and  coarse  marginal  striae.  SD. 
ii.  p.  87.  =  C.  radiata,  Bri.  TMS.  viii. 
pi.  6.  f.  11.  Brackish  water.  Europe, 
America. 

C.  minutula  (K.).  —  Frustules  with 
flat  ends ;  valves  with  radiating  dots  or 
striae  at  centre.    KB.  pi.  2.  f.  3.  =  C. 


813),  substitute : — 

operculata,  SD.  i.  p.  28,  pi.  5.  f.  48.  Eu- 
rope. (Kiitzing,  however,  describes  his 
C.  minutula  as  vmdulate.) 

C.  Kiitzingiana  (Th.).  —  Ends  of  fnis- 
tules  mduiate;  valves  mth  convex, 
smooth  centre,  and  long,  coarse  mar- 
ginal striiB.  SD.  i.  p.  27,  pi.  5.  f.  47. 
Brackish  water.  Europe. 


CoccoNEis  Finnica.  —  On  careful  ex- 
amination of  several  fossil  deposits  said 
by  Ehrenberg  to  contain  this  species,  we 
can  find  no  form  resembling  the  figures  in 
the  '  Microgeologie,'  excepting  Navicula 
elUptica. 

EuPODiscus  ?  Peruvianus  (Kitton, 
JVIS.).  — Valve  orbicular,  finely  pimc- 
tated,  with  two  small,  roundish  sub- 
marginal  processes,  and  a  submai-ginal 
series  of  close  minute  apiculi.  Peruvian 
and  Califomian  guanos.  We  regard  the 
genus  of  this  Diatom  as  doubtful.  The 
valve  has  some  resemblance  to  an  Au- 
liscus  ;  but  the  puncta  are  not  in  flexuose 
lines.  The  processes,  as  seen  in  front 
view,  are  short  and  subtruncate,  and 
the  circle  of  apiculi  which  connects 
them  shows  an  afiinity  to  Cerataulus. 
The  processes  of  the  one  valve  alternate 
with  those  of  the  other,  and  are  often 
visible  at  the  same  time. 

E.  ?  Cfrevillii  (Ralfs,  n.  sp.).— Disc  ob- 
scurely punctate,  with  (3)  clavate  mtra- 
marginal  processes,  and  a  circlet  of  spmes 
between  the  processes  and  the  centre. 
Monterey.  Dr.  Greville.  The  processes, 
which  are  rather  distant  from  the  mar- 
gin, resemble  those  of  Aulacodiscus,  and 
the  circlet  of  spines  that  of  Systephania  • 
but  the  absence  of  connecting  Imes  re 
moves  it  fi-om  the  former,  and  the  pre- 
sence of  processes  from  the  latter  genus 
PoDOSiRA  ?  compressa  (West). — Frus 
tule  geminate, free? ;  polar  always  shorter 
than  equatorial  diameter ;  valves  eUiptic, 
obscurely  punctate  ;  puncta  scattered ; 
angulum  smooth.  Creswell  Sands, 
Draridge  Bay,  Yamiouth  Sands.  West 
TMS.  viii.  p.  150,  pi.  7.  f.  11.  (vni.  34.) 
This  form  occm-s  plentifully  on  the  sands; 
the  frustules  always  occur  m  pau-s.  l  lie 
absence  of  stipes  or  any  attachment,  the 
compressed  valves,  and  the  want  ot  a 


thickened  umbilicus,  render  its  position 
in  the  present  genus  doubtful. 

Epithumia  {Eunotia,  E.)  Sancti  An- 
tonii  =  E.  Beatorum  =  Denticula  ?  lauta 
(Bail.).  —  This  species  has  been  found 
by  Mr.  Kitton  in  the  Monterey-stone  and 
Richmond  deposits;  in  the  latter  they 
occur  in  filaments  of  6  and  7  frustules, 
clearly  showing  that  they  are  improperly 
placed  in  the  present  genus,  and  are  pro- 
bably allied  to  Denticula. 

Navictxla  hullata  (Norman,  n.  sp.). — 
"Elliptical,  extremities  slightly  pro- 
duced; strife  in  a  marginal  and  two 
central  bands;  marginal  band  of  un- 
equal width ;  the  blank  spaces  between 
the  gi-anules  studded  with  a  line  of  cir- 
cular bosses;  striae  moniliform,  14  m 
001".  Stomachs  of  Ascidiaus,  Shark 
Bay,  Austi-alia"  (Norman  in  litt.). 

N.  SiUimanoru7n  (E.).— Inflated  at  the 
centi-e;  apices  produced,  rounded,  and 
constricted ;  sti-ise  radiant,  not  reachmg 
the  median  line.  EM.  pi.  2.  2.  f.  13.  = 
Pinnularia  Sillimanorum,  EA.  p.  133. 
New  York  deposit.  This  species  re- 
sembles Gomphone^na  geminatum,  but  is 
distinguished  by  its  less  conspicuous 
striae  and  equal  ends ;  the  figure  m  ExU. 
represents  only  a  fragment. 

1^.  Cyprinus  (E.,  K.).— Small;  valves 
oblong,  slightlv  contracted  into  the  very 
broad  obtuse  ends ;  central  nodule  ob- 
long; StriiB  evident.  KB.  P-  9^^-  P}-  f-/- 
135.  =  Pinnularia  Cyprinus,  EA.  pi.  1.  li. 

f.  7.  Chili. 

N.  Reinickeana  (Rab.).  —  Resembles 
N.  cuspidata  and  N.  rostrata;  but  the 
capitate  ends  are  more  prolonged,  and 
the  sti-iffi  are  only  30  in  -001".  Rab. 
Algen  Sachs.  No.  802.  Dresden^ 

Aulacodiscus  Sollittianus  (^ormau, 
MS.).— "Disc  largo,  hyaline,  with  six 
conspicuous  processes,  distant  from  mar- 
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giu;  granules  radiating,  not  reaching 
the  centre,  9  in  'OOl" ;  smooth  roimd  the 
base  of  the  processes.  Deposit  from 
Nottingham,  oelow  Mai-ylaud,  which 
seems  to  be  identical  with  the  Bermuda 
tripoli,  and  contains  several  forms  pecu- 
liar to  that  deposit "  (Norman  in  littX 

A.  Barbadensis  (RaLfs,  n.s.).  —  Disc 
large,  hyaline,  very  minutely  punctated, 
with  small  umbilicus,  (3)  intramai-ginal 
roimdish  processes,  and  faint  connecting 
lines.  Bai-badoes  deposit.  Distinguished 
by  its  very  obscure  pimcta.  The  rather 
large  processes,  when  nearly  out  of  focus, 
appear  to  have  a  central  dot. 

Thiceratium  crenatum  (Kitton,  MS.). 
— Sides  roimded,  margin  crenate;  gra- 
nules radiating  from  the  pseudo-nodule, 
distinct  at  the  margin,  but  less  con- 
spicuous as  they  approach  the  centre.  = 
l)iscoplea  undulata,  EM.  pi.  33.  18.  f.  3. 
Nottingham  deposit.  The  presence  of 
the  pseudo-nodule  shows  it  to  be  an  ally 
of  T.  Briglitioellii ;  but  the  nearly  orbicu- 
lar outline  and  crenate  margin  distin- 
guish it  from  that  species.    The  frag- 


ment figui-ed  by  Ehrenberg  we  have  no 
doubt  is  identical  with  this  form. 

T.  Bowerba?iJdana  (Ralfs).  —  Valves 
with  two  concentric  circles,  radiating 
lines  between  the  circles,  distinctly  punc- 
tated angles,  and  blank  or  indistinctly 
punctated  centre.  Barbadoes  deposit. 
The  large  valve  has  neaiiy  straight  sides, 
and  obtuse  angles;  it  is  divided  into 
three  parts  by  tvfo  sutui'e-like  circles, 
the  outer  one  with  a  border  of  bead-lilie 
dots,  which  are  most  evident  nearest  the 
sides ;  the  lines  between  the  circles  are 
abbreviated,  only  one  on  each  side  reach- 
ing the  inner  circle. 

Cbaspedodiscus  Barhademis  (Ralfs, 
n.  s.). — ^Border  very  broad,  its  diameter 
greater  than  that  oi  the  centi'e ;  ceUules 
of  centre  very  minute,  those  of  border 
larger  and  arranged  in  ciu'ved,  decussat- 
ing lines.  Barbadoes  deposit.  Disc 
about  the  size  of  C.  Coscinodiscus,  but 
with  a  much  smaller  centime.  It  diiFers 
fi'om  both  that  species  and  C.  microdiscus 
in  having  the  cellules  of  the  border  in 
ciu'ved  series. 


Substitute  the  following  descriptions  for  the  notices  of  Cbaspedodiscus  Stella 
and  C.  FrankUni  at  p.  832  : — 


C?  Stella (^.). — ^Valves hemispherical, 
with  a  very  broad,  smooth,  obsoletely 
radiated  limb,  and  a  small,  finely  cellu- 
lose centre,  having  an  ii-regulai"  margin ; 
rays  12,  irregular.  EB.  1855,  p.  238 ;  E 
M.  pi.  35  B.  B.  4.  f.  11.  North  America. 
On  accoimt  of  its  rays,  this  form  may  be 
the  type  of  a  new  genus ;  but  they  were 
distinct  only  in  a  smgle  specimen,  whilst 
in  the  greater  number  scarcely  a  trace  of 


them  could  be  detected.  It  approaches 
to  the  characters  of  Symbolophora. 

C.  FrankUni  (E.). — Disc  tm-gid,  with 
a  deciduous,  broad,  hyaline,  smooth 
marginal  limb,  and  a  very  fine  punctated 
(yellowish)  centre,  having  an  irregvdar 
margin ;  centi'e  and  limb  of  nearly  the 
same  diameter.  ERBA.  1853,  p.  526; 
EM.  pi.  35  A.  23.  f.  6.  Assistance  Bay. 
Akin  to  Coscinodiscus  diseiger. 


To  C.  semiplanus  (Bri.),  add  : — 

This  Diatom,  which  is  not  uncommon 
in  the  Barbadoes  deposit,  is  no  doubt 
incorrectly  placed  in  this  genus.  In  our 
opinion  it  is  closely  allied  to  Astero- 
lampra,  and  should  either  be  united  to 
that  genus,  or  a  new  genus  formed  to 

To  C.  marginatus  (Bri.),  add : — 

We  consider  that  this  Diatom  also  is 
wrongly  referred  to  Graspedodiscus,  and, 
notwithstanding  its  large  punctated 
centre,  is  reaUy  more  allied  to  Astero- 
lampra, — its  marginal  compartments, 
however,  being  extremely  minute.  In 
the  Barbadoes  deposit  we  find  discs 
sometimes  (as  in  Asterolanipra)  without 
any  umbilical  cellules,  and  sometimes 
with  a  large  cellulose  centre,  and  these 


include  this  and  other  allied  discs  asso- 
ciated together  in  the  deposit.  Mr. 
Brightwell's  specimen  must  have  been 
imperfect,  since  we  find  the  radiating 
lines  invariabljr  correspond  in  number 
with  the  marginal  compartments. 


extremes  so  connected  by  intermediate 
states  as  to  make  it  doubtful  whether 
the  cellulose  centre  is  available  even 
as  a  specific  distinction.-  We  hope  Dr. 
Greville,  who  luis  paid  much  attention 
to  tlieso  forms,  will  soon  publish  a 
monograph  of  them  in  contmuation  of 
his  foniier  admirable  paper  on  Astero- 
lanipra. 
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.  For  Cbaspedodiscus  coronatus,  substitute  the  following  : — 

Genus  BRIGHTWELLIA  (Ealfs,  n.  g.).— Disc  with  a  large  granulated 
centre,  separated  from  a  broad  punctated  limb  by  a  circlet  of  oblong  cellules. 

"We  have  constituted  this  genus  to  receive  a  beautiful  Diatom  placed  by  :Mr. 
Brightwell  in  Craspedodiscus,  but  which  differs  so  greatly  from  other  Diatoms 
that  we  believe  it  should  form  the  type  of  a  new  one,  which,  with  much  plea- 
sure, we  dedicate  to  the  author  of  the  excellent  monographs  of  Triceratium 
and  the  Chsetocerese. 


Bbightnvellia  coronata  (Bri.,Ilalfs). 
—  Central  portion  of  valve  with  an 
irregular  blank  umbilicus  and  radiating 
series  of  granules,  which  are  closer  and 
in  curved  lines  near  the  circlet  of  cellules. 
=  Craspedodiscus  coronatus,  Bri  JMS. 
viii.  p.  95,  pi.  5.  f.  6.  Barbadoes  deposit. 
This  species  is  veiy  variable  in  size.  In 
a  dry  state  it  is  of  a  pui-plish  or  brown 
colour,  but  in  balsam  hyaline;  the  centre 
has  the  granules  irregular  near  the  um- 


bilicus, and  inteiTupted  by  blank  rays; 
but  near  the  circlet  of  cellules  they  be- 
come more  regular,  and  form  cui'\'ed, 
moniliform  lines.  The  broad  limb  is 
usually  brownish  when  diy,  and  marked 
by  numerous  radiating  lines,  similar  to 
those  of  Coscinodiscus  concinnus,  _  and 
have  in  the  intervals  extremely  minute 
obliquely  arranged  granules.  The  radi- 
ating lines,  although  conspicuous  in  the 
dry  state,  nearly  disappear  in  balsam. 


After  Cymatopleuba  Omim  (p.  793),  insert : — 

C.  thermalis  (Kutz.).  —  Slightly  pan- 
diuiform,  othei-wise  as  in  C.  midtifasciata. 
=  Surirella  thermalis,  KB.  p.  60,  pi.  3. 


C.   midtifasciata    (Kiitz.).  —  Valves 
linear,  with  acutely  cuneate  apices,  and 
verv  fine  transverse  striae.  =  Surirella 
midtifasciata,  KB.  p.  60,  pi.  3.  f.  47.   f.  46.  Em-ope. 
Em-ope. 

Genus  CYLIKDEOTHECA  (Eab.).— Prustules  exactly  cylindiical,  with 
percurrent  spires,  and  imbedded  in  an  amorphous,  gelatinous  mucus. 

CTLiNDBOTHECA(?e7-sie«6er^en(Eab.).  I  (rarely  one  or  three)  spii-es  Rab.  Algen 
— Frustules  lanceolate,  acute,  with  two  1  Sachsens,  No.  801.  Uresclen. 


Note.-Mx.  Ealfs  originaUy  proposed  to  introduce  a  family  fj^edreae,  as 
mentioned  in  p.  758,  but  subsequently  transferred  the  genera  to  the  family 
SurireEeEe,  the  genera  in  which  he  distributes  thus  :— 


*  Frustules  lacillar ;  valves  Iceeled—^iTZ&csTEM. 
Genera.  Nitzschia,  Ceratoneis,  Amphipleura,  BaciUaria,  and  Homoeocladia. 

2*  Frustules  hadllar ;  valves  scarcely  broader  than  front  view,  mt  heeled— 

SYNEDBEiE. 

Genera.  Synedra,  Desmogonium,  Dimeregramma,  and  Staiu-osii-a. 
3*  F>-ustules  not  hadllar;  valves  mostly  broader  than  front  view,  mt  heeled— 

STJEIEELLEiE, 

Genera.  Ehaphoneis,  TrybHoneUa,  Cymatopleura,  SurireUa,  Campylodiscus, 
and  Calodiscus. 


INDEX 
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AcHNANTHES  i)revipes  x.  199-202    873 

exilis                                     vn.  44   874 

longipes                                    TO.  42   873 

subsessilis                                vii.  43  ,   874 

AcHNANTHTDiTrM  coaictatuDi   VH.  41   873 

delicatuliun  xiv.  16   872 

mici'ocephalum                          xiv.  15   872 

trinode                                    vni.  9   872 

AcTEsrocYCLUs  Ralfsii                     v.  84    835 

AcTiNOGONiuM  septenarium   .....  v.  55    813 

AcTiNOPTYCHUS  ?  hexapteius  xi.  31    840 

Jupiter  XI.  28    840 

senarius   ix.  132   839 

undulatus                                 v.  88    839 

Amphicampa  mirabilia  iv.  5   765 

Amphipentas  alternans  xi.  32    858 

flexuosa   vi.  22  a,  6    858 

AjMpboplruba  intlexa  iv.  31   783 

peUucida  iv.  30;  ix.  140;  xni.  1 . .  783 

rigida                                     xui.  2   783 

Amphtphoha  alata   xm.  5,  6,  7   921 

constricta                                xn.  1   922 

Amphitetiias  antediluviana  ......  xi.  21,  22   858 

omata  vni.  16    858 

Amphoha  angularis                         vn.  50   881 

cymbifera   vn.  54   882 

gracilis  xn.  26   884 

hyalina   vn.  58    884 

litoralia   vu.  52    881 

Lybica  xn.  38   883 

marina  vn.  59    884 

membranacea                            vn.  51   881 

monilifera   vn.  79    882 

uavicularis  xn.  37    884 

ovalis                                      vn.  66 ;  ix.  153    883 

spectabilis                               vn.  57 '   884 

Anaulus  scalaris                           vin.  37    859 

Ahachnoidiscus  omatus                 xv.  18-21    842 

AsTERiONELLA  formosa   IV.  17    779 

Ralfsii                                    IV.  18    779 

ASTBBOLAMPRA  Marykiidica             xi.  33    836 

AsTEROMPiTALUs  Aiaclino  ........  V.  66    837 

Brookeii                                v,  79    837 
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AsTEBOMPHALUS  centrastei'  vin.  14    838 

Darwinii   v.  86    837 

elegans   v.  87    837 

heptactis  vui.  21    8.i« 

Hoolcerii  xi.  34    836 

Attheya  decora    vrn.  35    ob.j 

AuLACODiscus  BeeverisB   vi.  5   844 

Kittoni   vm.  24    844 

Oreganus   vi.4   846 

pulcher    vm.  28    845 

Auiiscus  pruinosus  vi.  1   845 

sculptus    VI.  3.  »4& 

Bach-labia  cursoria  iv-  20  ... ....  

paradoxa  ^'^^J  ' " ' ' 

BACTEMASTBirM  fiiTcatum   VI.  26    oM 

WaUicWi  vi.  27    ob6 

Bebkeleya  Adriatica  xiv.  34,  35    926 

BiBLABiuM  CasteUum  (EM.  33.  2. 1)  iv.  44    80b 

BiDDULPHiA  Indiea   vi.  12  

Macdonaldii   o^V 

pulcheUa  n.  46-50    848 

'luomeyi  vi.  10    848 

Caxodiscus  superbus   vin.  5U    ou^ 


Campylobiscits  Clypeus  xvii  516-518.    801 

Ehrenbergii.   xii.  12,  13,  22,  23    802 

flexuosa   ^-J}  


Hibemicus'   ^^-^L'^i  sm 

noTviihw   XV.  22,  23    oOi 

EiTr  IV.39    802 


iralis . 

ir^,^;^  VI.  7  

  846 

Cbbatonbis  Clostemun   -^'^^ 783 


Cebataulits  leevis   •  •  „ 

VI.  8 

xn.  I 

IV.  2 

xm.  9   783 


turgidus   Zt^c  783 

783 

^p^::^-::,:  ••••  ^5 mi 


loneissima   


Chls:tocbbo8  boreale   qro 

Wighamiii   VI.  24    862 

CLADOaBAMMA  Califoinicum  . 


Olimacosphbnia  moniligera  "^^  871 

icoNEis  Americana  xn.  48  

distans..  ^-38   ^'^ 


excentrica  ^-  g  870 

Fumiea   ggg 

Oceanica  .-.  ™"  aaa 

Placentiila    vn.  36   868 

ti-ansversalis  ■   vii;  37  

OoccoNEMA  Boeekii  •  ■  •  •  too 878 

Gistiila.  ..  X.  196-198    »^» 

cvmbiforme   xii-  46  

lanceolatum    x.  194  195  . . .   8/7 

vn.  47   


CoLLETONEMA  Ampbioxys   xn.  55-57   

e™"^   926 

Mglectiim  .   ym.  4/  ...  828 

CosciNODiscus  conciBiius    ^'.  »J   ■   ggg 

excavatus   ' " " '  Tm^  18  S^M 

nitidus...   ..831 

ovalis   ^-^^   
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CosciNODiscus  radiatus    xi.  39,  40    830 

steUai-is    v.  83    828 

Ceaspedodiscus  Coscinodiscus  ....  v.  80    832 

elegans  XI.  38    832 

Cyclotella  Atlantica  xv.  3    812 

atmosplierica   xv.  1,  2    812 

operciilata  v.  53    811 

punctata  vni.  13    813 

rectangula   v.  54    811 

Scotica   XIV.  17   811 

Sinensis   xv.  4    812 

Cymatoplbuba  elliptica  rx.  149 ;  xvi.  7,  8   798 

Solea   IX.  155 ;  xvi.  9    793 

Cymbella  Arcus  vn.  78   875 

cuspidata  vn.  45    876 

Ehrenbergii   vn.  46;  rx.  154    875 

gastroides   xiv.  18-20    877 

Helvetica  xiv.  24-28    876 

Cymbosiba  Agardiii    xrv.  14   875 

Denticiila  elegans   xm.  4   773 

Desmogontpm  Guianense   xv.  13   790 

Diadesmis  confeiTacea   xrv.  32,  33    923 

Ifevis   XII.  40    923 

DiATOMA  Ehrenbergii   rv.  15    779 

elongatum   rv.  14;  rx.  169    779 

hyalinum  rv.  16    778 

mesodon  ix.  170   778 

Tulgare   r^r.  13;  rx.  168    778 

DiATOMELEA  Balfouiiana  iv.  51    810 

DiCKEEiA  ulvoides  xv.  31   925 

DiCLADiA  Capreolus  vi.  28    863 

DiCTYocHA  Fibula   xv.  34   935 

Speculum   xn.  62,  63    936 

tnfenestra   xv.  35    935 

DiCTYOLAMPRA  Stella ,   V.  58    813 

DrMEREGEAMMA  distaus    IV.  34    790 

Hanisonii    vm.  6   790 

nanum   rv.  33    790 

pinnatum  vm.  4   791 

sinuatum   rv.  12    790 

Tabellaria    iv.  35   790 

DiscosiBA  sulcata  v.  68    822 

DisrPHONiA    australis  =  DiatomeUa 

Balfouriana  rv.  52    810 

DoNKiNiA  carhiata    vm.  49    921 

Encyonema  prostratum    vn.  49;  xrv.  22   879 

Endictya  oceanica   , . .  v.  70    831 

Epithemia  alpestris   xm.  8   760 

Argus   XV.  11   769 

gibba   xn.  27    759 

Efanulata   rx.  165   761 
ibrile                                    xn.  24,  25    761 

longicomis  xv.  6-9    760 

Musculufl  xin.  18    760 

Porcellus  xm.  12    761 

t^u'gida   IV.  1 ;  rx.  156-161 ;  xi.  1-8  761 

Westermanni   iv.  2 ;  rx.  *  157    760 

EtTCAMPiA  Zodiacus  ii.  43    937 

EuNOTiA  pentaglypbis   iv.  3   764 

qiiinarii         y:ii.  iid ...... ......... .  764 

tnodon   rv.  4;  rx.  164   763 
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EtTNOTOGRAMMA  tri-  quinque-  sep- 

tein-  et  novemloculata  . , . .  vin.  30    860 

EuoDiA  gibba  viii.  22    852 

EuPLBUBiA  ocellata  viii.  2   809 

pulchella  viii.  8   809 

EupoDiscus  Argus   vi.  2 ;  xi.  41,  42  . . . . . . . .  843 

Fhagilahia  capucina   ix,  173-175;  xiv.  1,  2  ..  776 

virescens  ix.  176   777 

Gbphybia  incurrata  v.  50    809 

media    v.  49    809 

Gomphogbamma  rupestre   rv.  46    80b 

GoMPHONBMA  acuminatum  xm.  23    887 

apiculatum  ■  xn.  28,  53    889 

constrictum  x.  187-190    887 

coronatum   ^'J?^  V-, qqq 

cm-vatum  xi.  9-12;  xm.  11   888 

geminatum                               ^'H-  60   8a/ 

minutissimiim                           xi.  17    oyj. 

Vibrio  XII  35   890 

GoNiOTHECiuM  crenatum  xv.  10   od* 

Grammatophoba  gibba   xi.  48,  49    80» 

hamulifera   xin.  22   .        .    808 

marina  iv.  47 ;  xi.  52,  53    808 

sei-pentina   ??« 

Gbammonema  Jur^ensii   ^^qo  '  rss 

Halionyx  undenarius   •  ^-   Sj-i 

Hbliopelta  Metii  _  xi.  35    o*:|- 

Hemiaulus  antarcticua   xi. 


HBMiDisctrs  cuneifonnis   vi. 


14    853 


Hercotheca  mammUlaris  ^i^^ 833 

Hetebostbphania  Rotbii   v.  85_  

HiMANTrDiuM  Guianense   ™-  on Vp"  iV 7fin 

monodon  xii.  29;  xv  16,  17  ....  /65 

Papilio  ^•.^^••^^5?-i7A 

pectinale   ^-  6;  ix.  1^1-1/6   76o 

feoleirolii   XIV- 13    ^65 

HoMCEOCLADiA  filiformis  rv.  

Martiana  ^Ik  "S^"  ^^"^^ ifo 

moniliformis   f/ 38  ' !  l !  1 1 l  i ".  78? 

V}^^^^  ^^26    785 

sigmoidea   ^'^■^}^   q\5 

Hyalodiscus  subtilis    v.  ou   


Hyalosiba  delicatula   rv.  42   • 

obtusangula   xiv.  ^ J   

rectangula    xiv.  .id    ^ 

Hydboseba compresaa   ZI'^q 852 


804 


triquetra   vi.   ■ 

ioxHMiA  enervis  x.  ioo  

LiCMOPHOBA  divisa   ™  o  ^  laVlQ^l 771 

flabellata   ^^^g'  •  ^  ^  ^  ^  8^3 

LiosTEPHAJS-iA  magnifaca  V.  od   

Eotula  V-  g23 

LiPABOGYBA  dentroteres   v.       ■■  •  ;; 

LiTHODESfflUM  undulatum   n.  4i,    g^^. 

Lysicyclia  VogeUi__  vm.^J   •• 

Mastogloia  Danseu. . .   xv.^^   _ 

Mastogonia  Actmoptyclius   3;,?  17 .  819 

Melosiba  arenaria    It  on     07   818 

coarctata   oa  ...  820 

Dickieii   ■   
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Melosira  IIorologiiuTi   v.  62   819 

Italica    XI.  29;  XV.  33    818 

Jiu'gousii   V.  03    8|7 

monililbruiis    v.  71   

Niigeli   XV.  26,  27    822 

uuinmiiloides   v.  64 :  xi.  14   oib 

oriclialcea   v.  65;  a-iii.  33    818 

Eoseaiia   v.  67    8l8 

sxibflexUis    v.  63    817 

sulcata   IX.  131;  XI.  26    819 

varians   iv.  32;  ix.  *131;  xv.  32  817 

Mebidion  circiilai-e    ix.  177-179 ;  xm.  21   . .  767 

Mesocena  heptagona    xn.  71   936 

MiCBOMEGA  Agardliii    x.  208    933 

bombyciniuu    xr\^  43, 44    933 

pallidiun  xiv.  39-42   •   9-34 

MiCROTHECA  octoceras  vm.  31    937 

Navicula  afHnis    xn.  32    902 

Amphirhynchus   xii.  6    901 

Ampliisbtena    vii.  72 ;  ix.  141   899 

borealis    vn.  74   907 

cardiualis  xn.  72   896 

ChUensis  xu.  33   907 

Clutliensis   vn.  73   909 

cuspidata  ,   xn.  5    905 

didyma   vn.  61;  xv.  12   893 

Esox   XII.  43    896 

Hennedyi   vn.  69    898 

Hitchcockii   vn.  62   894 

latissima   vn.  70   903 

major   vn.  65 ;  xu.  15,  31 ;  xvi.  1-6  896 

maxima    vn.  75   909 

nodosa   ix.  143   894 

prodiicta   vn.  66   902 

rhombica  ■.   vn.  71   903 

rhyucliocepbala   vn.  68   900 

TabeUai-ia    xn.  21   896 

tseniata   xv.  15   900 

tumida   vn.  55   910 

viridis   ix.  13-3-136   907 

NnzscHiA  Brightwellii    vm.  7   780 

scalaris  rv.  22    781 

Sigma   IV.  21   781 

sigmoidea    ix.  148   781 

?  valens    xii.  44   782 

Odontidium  byemale    ix.  172 ;  xni.  24,  25  ... .  775 

Odontodiscus  eccentricus    v.  90    832 

Omphalopelta  areolata  viii.  15    841 

Omphalotheca  bispida    \tii.  44    865 

Oncosphenia  ?  Cai-pathica   viii.  1   768 

Peripteba  cblamidopbora   vm.  25    865 

tetracladia   vi.  30    865 

Peristephania  Eutycha   v.  73    824 

Perithyba  denaria   vin.  19    842 

Plagiogbamma  pulcbeUimi   iv.  32  !   774 

PLEUBODESivnuM  Brebissonii    vi.  23    860 

PLEUB08IGMA  acuminatum   ix.  146  .919 

Balticum   toi.  33;  ix.  144    917 

Fasciola    xn.  60,  61    916 

formosiim    q2    917 

Hippocampus   ix.  145   919 

3p 
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Plehrosiphonia  oSmia   viii.  45    915 

PoDOCYSTis  Adriatica  iv.  10   77J 

PoDODiscus  .Tamaicensia  xin.  28    olo 

PoDOsmA  ?  compressa   ^^h-  34    ol5 

hormoides    "•45    ai6 

PoDOsmA  Montagnei    ^      id/" 7m 

PoDOSPHENiA  cuneata  xm.  16b    /ow 

Ehrenbergii  iv.  7  ;  xui.  14    769 

gi-acilis.    X-  186  .   769 

lyalina    ^-13    769 

PonPETA  quadriceps  "Wo ao^ 

^'TioSr      : : ::     :         ■  ■  ■  ■  ■  ■  •  ■  ■  i 

r<,.n7lpri   IV.  43  •  .  .  • 

minficum   of  7^1 

Ehaphoneis  Amphiceros    xiv.   

Ehepidophoba  Menegliiiiiana    xm.  19    "  j- 

Nubecula   ^-17    ^70 

nST' SiTis  770 

L6nt3ild*  _____      A 1  QQf? 

Hhizonotia  Melo  vm.  41    S»b 

Rhizosolbnia  Calyptra    vii.  31    »bb 

robusta  ^m- 42    866 

•; •••••TS-i-::::::::::::::  865 

styliformis    vii.  oz,  

ScEPTRONEis  Caduceua   ^  q9« 

ScHizoNEMA  DiUwynii  ^iii.  40   

Hoffinannu   ggg 

Sphenella  angustata                           q-j  gge 

obtusata   '^Qn  892 

Sphenosira  Catena  •   g.^ 

STAimoGBAMMA  Persicum   "^--^r  914 

St AinioNEis  acuta  ^  Ja qi2 

Crucicula  ^-64  

dilatata  914 

Isostauron   ^  Q7   911 

 ^:63:::  911 

oWiqua   139-  xn  17,  18  ....  913 

Pbcenicenteron   -^f^^ '  xn.  i/,  i-o 

pwes  ^-y  912 

platystoma   ^77  

pulcbella   '   ■      ,  ^  gQ    915 

fip.nl  fir  a  Xn.  iU,  J.*,  ou  


scalaris   ^  '     >     ' ' '  791 

ox/>.cniosiiiA  construens   ^^'ca  824 

Stephanodiscus  ^gyptiacus  v.  09   


826 
826 


Stephanogonia  polygona    "^^  77 

Stephanopyxis  ferox    "^^  76 

Tunis   IlJ  AQ 993 

Stigmaphoba  rostrata   in  803 

Stbiatella  unipunctata   rsr.  4U  


Stylobiblitjm  Clypeus   ^vi  20-26  '    794 

SuBiEELLA  bisenata  xyi-  ^u-^o  

consti-icta   ^tt  19 '26        "   794 

Craticula  1  ^   796 

C^rZn ix.'l50-152    795 

SatSf  137,138   796 
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SYirooLOPHOHA  Trinitatis    xi.  36    833 

Stncyclia  Salpa   vn.  53;  x.  206    879 

Synedha  Arcus   rv.  27    789 

capitata    rr.  29;  x.  185*   788 

fulgens   XIII.  20    789 

GaUionii   xii.  34,  36    788 

lunaris   x.  185    785 

pulchella   iv.  28    786 

robusta   vra.  3   789 

subtilis   DC.  147   786 

Ulna   X.  184    788 

SYBiNGiDrcrM  Ameiicanmn   vn.  34    866 

bicorne   vm.  20    866 

Systephania  Corona    v.  81    832 

Tabellabia  flocculosa   xm.  29    807 

ventricosa    xm.  26    807 

Tebpsinoe  musica   xi.  47    859 

Tessella  inteiTupta   vm.  5   804 

Tbtracyclus  lacustris   xx.  24,  25 ;  vm.  10  ....  806 

ToxoNiDEA  undulata   vm.  46    920 

Tbicebatium  altemans    vi.  21   854 

casteUatum   vm.  29    854 

contoi'tum    vi.  18   85.3 

exiguum   vi.  16   857 

Faviia    XI.  43,  44    855 

punctatum    vr.  20    856 

Solenoceros   vi.  15   856 

spinosum   vr.  19   853 

trisulcmn   vm.  27    854 

venosum   vr.  17   854 

Tevblionella  acuminata    iv.  37  ,   792 

gracilis   rv.  36   792 

Xauthiopyxis  oblonga    v.  76    827 

Zygk)Cebos  Surii-ella   xi.  50,  51    850 

Mobiliensis   vr.  11   850 
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DESCRIPTION  OF  THE  ENGRAVINGS. 


PLATE  I.  (Desmids). 

Figures  1  to  14.  Cosmarium  margaritiferum,  &c.,  under  different  stages  of  develop- 
ment- 1  3.  Frond,  enclosing  "vesicles  "filled  with  moving  granules;  3.  Supposed  early  state 
of  moving  granules ;  4.  Early  stage  of  seK-fission  ;  5.  Fission-products  escapmgthe  enclosmg 
waU  of  parent  ceU;  6.  Separation  completed;  7.  Sporangium  stUl  connected  with  parent 
frond ;  8.  Same  with  mammilliform  spines ;  9.  Sporangium  further  developed ;  10, 11. 
Supposed  matm-e  sporangia;  12.  Same,  broken  and  empty;  13, 14.  Yomig  supposed 
products  of  sporangial  contents :  aU  after  Mrs.  Thomas,  TM.  1855.  [We  are  disposed  to 
think  that  one  or  two  other  species  besides  Cosmariiun  margaritiferum  are  here  confounded. 
4,  we  suggest,  may  possibly  be  C.  ceelatum  or  C.  cristatum,  showing  nascent  segments ; 
7'  C.  Broomei,  the  empty  frond  to  the  right  showing  a  segment  not  yet  fully  developed ; 
8  and  9  appear  to  us  as  probably  more  likely  to  represent  the  conjugated  state  and  sporan- 
gium of  C.  bioculatum,  of  which  figs.  10,  11,  12,  may  represent  tlie  ultimately  extruded 
inner  membrane,  while  figs.  13  and  14  may  ti-uly  be  the  young  fronds  developed  fi-om  their 
contents,  and  which  have  not  yet  commenced  vegetative  self-division.]  15-17.  Sphajro- 
zosma  vertebratum  (Ealfs):  15.  A  portion  of  a  filament  seen  in  f.  v.  x200;  16.tr.  v. 
X400;  17.  8.  V.  X400.  18,19.  Micrasterias  papillifera  (Breb.)  :  18.  f.  v.  XlOO;  19.  Spo- 
rangium X200.  20.  M.  rotata  (Ealfs),  f.  v.  xlOO.  21.  M.  radiosa  (Ag.),  f.  v.  XlOO. 
22.  M.  Crux-Melitensis  (Ealfs),  f.  v.  X 100.  23-25.  Euastrum  Didelta  (Ealfs):  23.  f.  v. 
with  endoclu-ome ;  24.  e.  f.  in  f  v. ;  25.  tr.  v. :  all  x200.  26.  E.  rostratum  (Ealfs),  f.  v. 
X400.  27, 28.  Xanthidium  armatum  (Br6b.) :  27.  f.  v. ;  28.  s.  v. :  both  x200.  29,  30, 
Arthi-odesmus  octocornis  (Ehi-.) :  29.  var.  j8,  f.  v. ;  30.  var.  a,  f.  v. :  both  x400.  31-34. 
Staurastrum  cuspidatum  (Breb.) :  31.  f.  v. ;  32.  showing  the  nascent  segments  ;  33.  tr.  v. ; 
34.  e.  v.:  all  x400.  35,36.  Ankistrodesmus  falcatus  (Ealfs),  x400..  37-39.  Sceno- 
desmus  obtusus  (Meyen),  after  Niigeli,  showing  segmentation  of  the  cell-contents,  x300. 
40-42.  S.  caudatus,  after  Niigeli,  x300.  43.  Same,  segmentation  of  cell-contents,  x400. 
44  45.  A  few  marginal  cells  of  "  Pediastrum  Selenasa  (Kg.)"=P.  pertusum  (?),  after 
NageH,  x300.  46^8.  P.  (Anomopedium)  integrum  (Nag.):  46.  Xl50;  47.  x400; 
48.  B.  V.  X400.  49-51.  Coelastrum  spharicum  (Nag.):  49.  x200  ;  50,  51.  x300. 
52.  Pediastrum  Ehrenbergii  (Braun),  after  Braun,  x4(X».  53.  P.  Selenasa  (Kg.)  [non 
Ealfs,  =  P.  pertusum],  after  Nageli,  X 150.  54,  55.  Coelastrum  cubicum  (Nag.),  after 
Nageli,  x300.  56-58.  Sorastrum  spinulosum  (Nag.):  56.  x300;  57,  58.  x600. 
59-61.  Pediastrum  Boryanum,  var.  brevicornis,  after  Braun :  59.  Two  mai'ginal  cells, 
one  empty,  the  other  discharging  the  original  inner  membrane  closely  investing  the  micro- 
gonidia ;  60.  The  same  half  an  hour  afterwards,  considerably  dilated,  the  microgonidia 
each  with  a  pointed  hyaline  beak,  and  at  first  slowly  moving  ;  61.  Mici'ogonidia, 
eventually  emitted,  swimming  freely:  all  x300.  62,  P.  granidatum  (Kg.).  63.  Brood 
of  macrogonidia  emerged  from  shell  of  old  frond,  x400.  64.  A  few  marginal  cells  of  an 
old  frond,  some  empty,  the  cell-contents  of  others  undergoing  previous  segment^ntion,  and 
one  discharging  the  inner  membrane  investing  the  brood  of  macrogonidia  (Braun),  x400. 
65.  Same  as  63,  seen  from  the  edge,  X  400.  66.  Same,  seen  in  f.  v.,  the  cells  now  slightly 
emarginate,  x400.  67.  Same,  four  hours  after  the  macrogonidia  have  ceased  to  move,  the 
marginal  cells  now  di'awn  out  into  horns,  but  not  yet  having  asstimed  their  proper  form, 
and  all  exliibiting  spaces  between,  not  yet  having  become  closely  applied  to  each  other, 
X400.  68,69.  P.  Boryanum:  microgonidia  treated  with  tinctm-e  of  iodine  and  sul- 
phuric acid,  showing  the  vibratUe  cilia,  the  slightly  retracted  couteuts,  and  a  nucleus, 
X500.    (Figs.  G3-Gy  after  Braun.) 

PLATE  11.  (Desmids). 

Figures  1  &<  5.  Closterium  Leibleinii  (Kg.),  x200;  1.  Afroi\d  filled  with  ondoehromo, 
and  an  empty  one  lying  across  it  (the  latter  shows  the  central  siit  uro) ;  5.  Sjiorangium  lying 
between  the  conjugated,  and  now  empty  fronds.  2  &  6.  Ulostcrimn  striolatum  (Elir.), 
X  100:  2.  A  frond  with  endochrouio,  showing  tlio  longitudinal  fdlels  and  the  single  row  of 
large  gronules ;  6.  Two  empty  conjugated  fronds,  sliowing  the  striaj  and  the  orbicular 
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sporangium  lying  between  them,  enveloped  in  mucus.    3.  Staurastrum  (Desmidium,  Ehr.) 
eustephanum,  o.  v.    4.  Spirottcnia  condeusata  (Br6b.),  x200:  the  frond  is  seen  with  its 
spiral  band  of  endochrome,  and  surrounded  by  a  mucous  hyaline  sheath.    7.  Staurastrum 
(Desmidium,  E.)  senarium.  8  &  11.  Docidium  Ehrenbergii  (Ralfs),  X  lUO :  8,  Conjugating 
fronds,  the  sporangium  in  an  early  stage  of  development ;  11  shows  the  process  of  develop- 
ment by  fission,  the  young  segments  partially  grown.    9.  Docidium  clavatum  (Kg.),  X  100. 
10&30.  Euastrum  pectiuatum  (Br6b.),  x200:  10.  A  smgle  frond;  30.  The  spinous 
sporangium,  tlie  empty  segments  adjacent.    12, 13,  Tetmemorus  Brebissonii  (Eall's),  x 
200 :  12.  f.  V. ;  13.  s.  v.    14, 15.  Penium  margaritaceimi  (Breb.),  x200 :  14.  f.  v.  var.  a  ; 
15.  s.  V.  of  two  empty  fronds,  var.  y,  the  sporangium  between  them.    16,  17.  Staurastrum 
alternans  (Br6b.),  x400:  16.  f.  v.;  17.  e.  v.    18  &  23.  Xanthidium  cristatum  (Breb.), 
X400:  18.  f.  v.;  23.  e.  v.     19  &  36.  Scenodesmus  quadi-icauda  (Ealfs),  X400:  19.  A 
frond  of  two  cells ;  36.  one  of  four  cells.    20,  21,  24,  25  &  31.  Staurastrum  polymor- 
phum  (Br6b.),  X400  ;  20.  e.  v.  (of  five-rayed  var.);  21  &  31.  f.v. ;  24.  A  frond  multi- 
plying by  self-division ;  25.  Sporangium  with  its  furcate  spines,  and  around  it  the  empty 
and  previously  conjugated  fronds.    22.  Micraaterias  denticulata  (Breb.),  xlOO,  sporan- 
gium of.    26.  Cosmarium  cselatum  (Ealfs),  x300:  front  view  of  frond  multiplying  by 
self-division,  the  yomig  segments  partially  grown  and  their  surface  still  smooth.    27.  Pe- 
diastrum  tetras  (Ealfs),  x400,  f.v.  of  a  frond.    28,  29.  Tetrachastrum  oscitans  (Dixon), 
XlOO:  28.  f.  v.;  29.  tr.  v.  of  e.  f.    32  &  35.  Hyalotheca  dissihens  (Breb.):  32.  x200, 
tr.  V.  with  investing  hyaline  gelatinous  sheath;  35.  X400,  f.v.,  also  showing  the  sheath. 
33,34.  Cosmarium  undulatum  (Corda),  x400  :  33.  f.  v. ;  34.  Sporangium  with  the 
empty  fi-onds.    37  &  40.  Desmidium  qtiadrangulatum  (Ealfs):  37.  X200,  f  v.  of  fila- 
ment; 40.  x300,  tr.v.    38,39.  Didymoprium  Borrej-i  (Ealfs),  x400  :  38.  tr.v.;  39. 
Portion  of  a  filament,  f.  v.    Diatoms  :— 41,  42.  Lithodesmium  undulatum  ;  43.  Eucampia 
Zodiacus.    Desmid  :— 44.  Micrasterias  Americana.    Diatoms  :— 45.  Podosu-a  momlifor- 
mis  attached  to  Polysiphonia ;  46,  47,  49,  50.  Biddulphia  pulcheUa ;  48.  Denticella 
Biddulphia. 


PLATE  III.  (Desmids), 

Figure  1.  Gonatozygon  Ealfsii  (De  Bary),  three  joints  of,  x30G;  2.  Same,  conju- 
gated, showing  sporangium,  x300.  3.  Genicularia  spbotiEnia  (De  Bary),  smgle  joint  of, 
X 150  (vide  De  Bary,  op.  cit.  iv.  1.  p.  717),  X300.  4.  Leptocystinema  Kinaham  (Archer), 
X200,  showing  front  and  side  views  of  the  band  of  eudoclirome,  and  Uvo  joints  with 
nascent  halves.  5.  Aptogonum  BaUeyi  (Ealfs),  X400;  6.  Same,  e.  v.  7.  Desmidium 
Aptogonum  (Breb.),  portion  of  a  filament,  x400  ;  8.  Same,  e.  v.  x400.  9.  Spondylosium 
depressum  (Breb.),  x300:  five  joints,  one  dividing.  10.  S.  pulchelluni  (Archer),  X 450: 
five  iomts  of  a  filament.  11.  Euastrum  oblongum  (Ealfs),  x200.  12.  E.  msigne  (Hass  ), 
X200.  13.  E.  binale  (Ealfs),  X  400.  14.  Cosmai-ium  pyramidatum  (Br6b.),  X  dOU; 
15.  Same,  e.  v.  x300.  16.  C.  cylindi-icum  (Ealfs),  X3G0;  17.  Same,  e.  v.  x30O  18. 
Staurastrum  avicula  (Breb.),  X  300 ;  19.  Same,  e.  v.  x300.  20.  S.  tehferum  (Ealfe), 
X300;  21.  Same,  e.v.  X300.  22.  S.  spongiosum  (Br6b.),  x300;  23.  Same,  e.v.  X300. 
24.  S.  quadrangulare  (Br6b.),  x300;  25.  Same,  e.  v.  26.  S.  globulatum  (Breb.); 
27.  Same,  e.v.  28.  S.  gracUe  (Ealfs),  X300;  29.  Same,  e.v.  x300  30.  S  vestitum 
(Ealfs),  X300  ;  31.  Same,  tr.v.  x300.  32.  S.  furcigerum  (Br6b.),  X^OO;  33.  Same,  e.v. 
X200.  34.  S.  margai-itaceum  (Menegh.),  X  300;  35.  Same,  e.v.  X  300.  36  Arthro- 
desmus  Incus  (Hass.),  X  400.  37.  Ti-iploceras  verticiUatum  (^aile.v).  38.  Docidium 
Baculum(Br6b.),  x200.  39.  Closterium  didymotocmn  (Corda),  XlOO.  40.  C.  turgiclum 
(Ehr.),  X 100.  41.  C.  Uneatum  (Ehr.),  X 100 ;  42.  Same,  conjugated,  showiiig  the  double 
sporangium,  XlOO.  43.  C.  attenuatum  (Ehr.),  XlOO.  44.  C.  rostratmii  (Elu-.),  X 100. 
45.  Penium  interruptum  (Brdb.),  x200.  46.  Docidium  Ehi-enbergn(EaKs),  X  200,  alter 
W  Archer  (Nat.  Hist.  Eeview,  vii.  p.  375) :  commencement  of  growth  of  lateral  tube 
Drewaratory  to  the  formation  of  zoospores.  47.  Same,  the  zoospores  emitted  and  lormmg 
in  external  cluster  (p.  716).  48-54.  After  De  Bary  (op.  cit.)  ;  all  X 190,  showing  develop- 
ment of  sporangium  of  Cosmarium  Botrytis  (Menegh.) :  48.  The  uiner  membrane  witli 
contents  escaping  by  bursting  the  outer  wall  of  the  sporangium;  49.  The  same  escaped 
somewhat  fiu'ther  developed,  preparatory  to  segmentation  of  the  contents  the  external 
membrane  doubled;  50.  The  same,  division  finished;  51.  The  same,  H  how  alter ; 
52  The  same,  at  a  later  stage;  53.  Germ-cells,  ordinary  vegetative  division  begun ; 
54  Product  of  the  first  division  of  a  gcrm-ceU,  each  new  half  (but  not  until  now)  havmg 
assumed  the  characteristic  fom  of  the  species.  55-60  After  De  Bary  (oi^"*.),  aU  X 0, 
showing  development  of  sporangium  ol  Cosmarium  Meueghimi  (Breb.) :  55.  JLmpty  out- 
side coft  of  a  sporangium  with  an  open  slit  or  fissure  by  which  the  inner  "^e^f  g^^^ 
contents)  has  come  out;  56.  The  emerged  inner  membrane  and  <=°"t«»t^ ' 
germ-cells  formed  therein  ;  58.  The  same,  one  escaping;  59,  60.  Products  of  Uie  germ 
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ceUs,  showing  one  segment  the  form  of  the  germ-cell,  the  other,  ordinary  vegetative  division 
supervening,  having  assumed  that  characteristic  of  the  species.  61.  Euastrum  didelta 
(Ealfs),  X 150,  abnormal  condition  of,  after  W.  Archer  (Nat.  Hist.  Eeview,  vi.  p.  469), 
showing  a  central  irregular  structiu-o  produced  between  the  original  segments,  apparently 
owing  to  the  non-formation  of  a  septum  on  the  resumption  of  vegetative  growth,  and 
forming  with  them  but  one  uninterrupted  cavity ;  and  in  this  instance  the  new  central 
growth  having  assumed  the  size  and  nearly  the  form  of  an  entii-e  frond,  its  axis  of  growth 
and  plane  of  expansion  are  at  right  angles  to  the  old  segments.  62.  Artlirodesmus  Incus 
(Hass.),  X300,  abnormal  condition  of,  after  W.  Ai-cher,  I.e.,  showing  an  abnormal  growth 
analogous  to  preceding,  but  carried  on  to  another  vegetative  generation,  the  middle  portion 
being  older  than  those  produced  between  it  and  the  original  segments,  the  whole  still 
forming  within  but  one  uninterrupted  cavity.  63.  Cosmocladium  pulchellum  (Br6b.), 
X250. 

PLATE  IV.  (Diatoms). 

[Plates  IV.  to  VIII.  are  engraved  by  Mr.  Tufifen  West.    Many  of  the  figures  are  from  original 
drawings,  others  from  specimens,  and  all  of  them  are  magnified  300  diameters.] 

Figure  1.  Epithemia  turgida,  f.  and  s.  v.  2.  E.  Westermanni.  3.  Eunotia  pentaglyphis. 
4.  E.  triodon.  5.  Amphicampa  mirabilis.  6.  Himantidium  pectinale,  f.  and  s.  v.  7. 
Podosphenia  Ehrenbergii,  f.  and  8.  V.  8.  Kliipidophora  paradoxa.  9.  Licmophora  flabel- 
Jata.  10.  Podocystis  Adriatica.  11.  Sceptroneis  Caduceus.  12.  Dimeregramma  sinu- 
atum,  f.  and  s.  v.  13.  Diatoma  vulgare,  f.  and  s.  v.  14.  D.  elongatum.  15.  D.  Ehren- 
bergii. 16.  D.  hyalinum,  f.  and  s.  v.  17.  Asterionella  formosa.  18.  A.  Ealfsii.  19. 
BacUlaria  paradoxa,  i.  and  s.  v.  20.  B.  cursoria.  21.  Nitzscliia  Sigma.  22.  N.  scalaris, 
f.  and  s.  V.  23.  Ceratoneis  longissima,  f.  and  s.  v.  24.  Homoeocladia  Martiana,  f.  and  s.  v. 
25.  H.  filiformis.  26.  H.  sigmoidea.  27.  Synedra  Arcus,  f.  and  s.  v.  28.  S.  pulchella, 
f.  and  s.  V.  29.  S.  capitata.  30.  Amphipleura  pellucida.  31.  A.  inflexa.  32.  Plagio- 
gramma  pulcheUum,  f.  and  s.  v.  33.  Dimeregramma  nanum,  f.  and  s.  v.  34.  D.  distans, 
f.  and  s.  V.  35.  D.  TabeUaria,  f.  and  s.  v.  36.  TrybUonella  gracilis.  37.  T.  acuminata. 
38.  Campylodiscus  Hibernicus.  39.  C.  spiraUs.  40.  Striatella  unipunctata,  f.  and  s.  v. 
41.  Rhabdonema  minutum,  f.  and  s.  v.  42.  Hyalosu-a  delicatula,  f.  and  s.  v.  43.  Rhab- 
donema  Crozieri,  f.  and  8.  V.  44.  Biblarium  CasteUum  (EM.  33.2. 1.).  45.  Stylobiblium 
Clypeus.  46.  Gomphogramma  rupestre,  f.  and  s.  v.  47.  Grammatophora  marina.  48. 
G.  serpentina,  f.  and  s.  v.  49.  Gephyria  media,  f.  and  s.  v.  upper  and  under  valves. 
50.  G.  incurvata,  f.  and  s.  v.  ditto.  51.  DiatomeUa  Balfouriana,  f.  and  s.  v.  52.  Disi- 
phonia  australis. 

PLATE  V.  (Diatoms). 

Figure  53.  Cyclotella  operculata,  f.  and  s.  v.  54.  C.  rectaugula,  f.  and  s.  v.  55, 
Actinogonium  septenarium.  56.  Liostephania  magnifica.  57.  L.  Eotula.  58.  Dictyo- 
lampra  Stella.  59.  Mastogonia  Actinoptychus.  60.  Hyalodiscus  subtilis.  61.  Podosira 
Montagnei,  f.  and  s.  v.  63.  Melosu-a  Horologium,  f.  and  s.  v.  (EM.  33.  2.  17),  63.  M. 
BubflexHis,  f.  and  s.  v.  64.  M.  nummuloides,  f.  and  s.  v.  65.  M.  orichalcea.  66.  Aste- 
romphalus  Arachne.  67.  Melosira  Roseana,  f.  and  s.  v.  68.  Discosu-a  sulcata,  f.  and  s.  v. 
69.  Stephanodiscus  yEgyptiacus,  f.  and  s.  v.  70.  Endictya  oceanica,  f.  and  s.  y.  71.  Me- 
losira Borreri,  f  and  s.  v.  72.  Liparogyra  spiralis,  f  and  s.  v.  73.  Peristephania  Eutycha. 
74.  Stephanopyxis  Tui-ris.  75.  S.  ferox,  f.  and  s.  v.  76.  Xantliiopyxis  oblonga.  77. 
Steplianogonia  polygoua,  f.  and  s.  v.  78.  Coscinodiscus  ovaUs.  79.  Astcromphalus 
Brookei.  80.  Craspedodiscus  Coscinodiscus.  81.  Systephania  Corona.  82.  Halionyx 
undenarius.  83.  Coscinodiscus  stellaris.  84.  Actinocyclus  Ealfsii.  85.  Heterostephania 
Rothii.  86.  Asteromphalus  Darwinii.  87.  A.  elegans.  88.  Actinoptychus  undulatus, 
f.  and  s.  V.   89,  Coscinodiscus  concinnus.    90.  Odontodiscus  eccentricus. 


PLATE  VI.  (Diatoms). 

Figure  1.  Auliscus  prumosus.  2.  Eupodiscus  Argus :  a,  s.  v. ;  b,  f.  v.  (the  latter 
from  Kiitzing).  3.  Auliscus  sculptus;  a,  s.  v. ;  b,  f.  v.  4.  Aulacodiscus  Orcganus.  5. 
A.  Beeverias.  6.  Por|3eia  quadi-iceps :  a,  s.  v. ;  b,  f.  v.  7.  Corataulus  lasvis :  a,  s.  v. ; 
b,  filament.  8.  Hydrosera  compressa,  s.  v.  9.  Cerataidus  turgidus :  a,  s.  v. ;  A,  f.  v. 
10,  Biddulphia  Tuomcyi:  a,  s.  v. ;  b,t\.  11.  Zygoceros  Mobilicnais:  a,  s.  v. ;  J,  f.  v. 
12.  Biddidpliia  Indica.  13.  Hydrosera  triquetra :  «,  s.  v. ;  b,  filament.  14.  Hemidiscus 
cunciformis:  a,  s.  v.;  b,  f.  v.    15.  Tricoratium  Solenoceros.    16,  T.  exiguum.    17,  T. 
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venosum.  18.  T.  contortum.  19.  T.  spinosum.  20.  T.  punctalum.  21.  T.  alternaiig: 
a  s  V  •  6  f  V.  22.  Ampliipentas  flexiiosus :  a,  with  five  angles;  var.  with  four  angles. 
23  Pleuroclesraium  Br^bissonii:  a,  s.  v.;  b,  f.  v.  24.  Oliffitoceros  Wigliamii :  a,  Gonio- 
thGoium-lilce  frustixle,  f.  v. ;  b,  same,  s.  v. ;  c,  s.  v.  of  connecting  zone  and  awns  ^vlthout  the 
frustule  •  d,  fflament  entii-e.  25.  C.  boreale :  a,  s.  v. ;  h,  f.  v.  26.  Bactemstrum  furcatiim. 
27  B  Wallichii:  a,  s.  v. ;  b,  filament  (This  figure  is  introduced  for  the  sake  of  the  f.  v., 
wliich  80  closely  resembles  Bacteriastrum  furcatum  and  B.  curvatum  as  to  be  undistin- 
guishable  in  this  aspect).  28.  Dicladia  Capreolus:  a,  s.  v. ;  i,  f.  v.  29.  Gomothecium 
OdonteUa :  a,  s.  v. ;  b,  f.  v.    30.  Periptera  tetracladia. 


PLATE  Vn.  (Diatoms). 

Figure  31.-  Eliizosolenia  Calyptra.  32.  E.  styUformis,  from  a  figure  sent  by  G.  Norman, 
Esq  HuU  33.  R.  setigera.  34.  Syi-ingidium  Americanum.  35.  Hercotheca  mam- 
miSaris.  36.  Coccoueis  Placentula.  37.  C.  transversaUs.  38.  C.  distans.  39.  C  pseudo- 
mai-dnata.  40.  C.  excentrica.  41.  AchnantHdium  coarctatum.  42.  Achnanthes  longipes. 
43.  A.  subsessHis.  44.  A.  exilis.  45.  Cymbella  cuspidata.  46  0.  Ehrenbergu.  47. 
Cocconema  parvum :  a,  s.  v. ;  b,  f.  v.  48.  C.  Boeckii :  a,  s.  t.  ;  b,  f.  v  49.  Encyonema 
prostratum  (frusbtdes):  a,  s.  v. ;  b,  f.  v.  50.  Amphora  angularis.  51.  A.  membranacea. 
52.  A.  litoralis.  53.  Syncycha  Salpa.  54.  Amphora  cymbifera:  a  upper  surface  m 
focus;  b,  lower  surface  in  ditto.  55.  Navicula  tumida:  a,  s.  v. ;  b  f.v.  56.  Amphor!* 
ovahs  57.  A.  spectabilis:  a,  upper  surface  in  focus;  b,  lower  surface  m  ditto.  58.  A. 
hyaUna.  59.  A.  marina.  60.  Gomphonema  geminatum.  61.  Navicula  didyma.  62. 
N  Hitchcockii.  63.  Stanroneis  obUqua.  64.  S.  Crucicula.  65.  Naviciila  (Pimiula^a) 
maior.  66.  N.  producta.  67.  Stam-oneis  Unearis.  68.  Navicula  rhynchocephala.  69. 
N.  Hennedyi.  70.  N.  latissima.  71.  N.  rhombica.  72.  N^Amplusbama :  a  8.t.;  6  f.v. 
73.  N.  Cluthensis.  74.  N.  borealis.  75.  N.  maxima.  76.  Stauroneis  acuta,  77.  b. 
pulchella. 

PLATE  Vin.  (Diatoms). 

Figure  1.  Oncosphenia?  (Diatoma  elongatum  y,  SBD.).  2.  Eupleuvm  oceUata.  3. 
SvneSrobuita  4.  Dimeregi-amma  pinnatum.  5.  TesseUa interrupta.  6.  Dimeregi-amma 
l^'SonU  7.  Mtzschia  Brightwellii.  8.  Euplem-ia  p^ilcheUa^  9.  Achnanthidv^ 
teSode  10  Tetracycluslaci5tris,  8.y.  11.  Cladogramma  Cahformcum  12.Ehab- 
Inema  JSi.L,  f.  v.  and  s.  v.  13.  CycloteUa  punctata  14.  ^^f  °-P^X,Stas 
punctations  of  compai-tments  omitted  *  15.  Omphalopelta  areolata^  PeS&^^de^a^a 
ornata.  17.  Melosira  arenaria,  s.  v.  18.  Coscmodiscus  nitadus  19.  Penthpa  deuaiia. 
20  Svriiiridium  bicorne.  21.  Asteromphalus  heptactis.  22.  Euodia  gibba.  23.  Bid- 
duiiDhk  Macdonaldii.  24.  Aulacodiscus  Kittoni.  25.  Periptera  chlamidophora.  26. 
ffinodiius  excav^^  27.  Triceratium  trisuloum.  28.  Aulacodiscus  pulcher.  29. 
S  crt?rL:S^.  30.  Eunotogramma  s.  v.  .  31.  IGcrotheca  oi^cej-as_32  Pl^^^^^ 
rosiffma  formosum.    33.  P.  Balticum.    34.  Podosira?  compressa,    35.  Atthey a  decora. 

49.  Donkinifi  carmata,  s.v.    50.  Calodiscus  superbus. 


PLATE  rX.  (Diatoms). 

Figure  131.  Molosii-a  sulcata.     n31  M.  varians     132.  Actinop^chu^  sen™ 
133-136.  Navicula  viridis.     137,  138.  Sm-ireUa  striatu  a.  139. 
ent^ron     140.  Amphiplcura  peUucida.    141.  Navicula  Aniphisb.i3na_  142.  Staurom^^ 
nktvstoma    143.  Navicula  nodosa.   144.  Plem-osigma  Balticum.    l^.^- f  •  7^1'°'*™!^^^^ 

tsr:^^^^  g:;Sa?Sid^";5»™^aJ^i^^^ 

g£:rer?i^  r55.  C^^^^^^^^^^  1B6-161.  Epitl.La  turgida  (--P^n  g^-P 

Jibienbergu.    loo^    J       i  Epithcmia  Westermaiini.  _  162, 163.  l^oc 


Ehrenbergu.    lbt>.  7™"";-!  ™  ^^^^  162,163.  Coc- 

L57,  those  figures  --l^^'^-^;  ^^^^^^^^g^  grauula.o.    166, 167.  BacU- 

coneis  scutellum.  l|*-j.f  "'^J^^^^^^^^^  169.  D.  elongatum.  170.  D.  mesodon.  171. 
laria  paradoxa.    l.^S-  diatoma  viug^^^  hyemale.^  173-175.  Fragilana  capucma. 

Se  TS^s^  m^^^^  ''i^-™!-^'  ^"bdonema  arcuatum. 
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PLATE  X.  (Diatoms  and  Protozoa). 
Figure  183.  Isttoia  euervis.    184.  Synedra  Ubia.     *185.  S.  cnpilata  185^8. 
lunai-is.    186.  Podosphenia  gi-acilis.    187-190.  Gomphonema  <^onstnotmi,. 
Licmophora  flabellata.     194,195.   Cocconema  laiiceolatum.         6-^9^- V^^,^ 
199-202  Aclmanthcs  brovipes.     203,  204.  Rhabdonema  arcuatiim.     205.  Acuieta 
Jwstac";     206.  Syncyolia  Salpa.     207.  Schizonema  Iloffinaiiiiii.    208.  Micromega 
TSii."  Protozoa --209-211.  Cyclidium  Glaucoma.    212.  Pantotaclmm  Enchelys. 
213.  CbaDtoraonas  Globulus.     214,  215.  ChaBtotyphla  armata.     216-218.  Gbeetoglcm 
volvocina.    219,  220.  PeridLn.nn  Tripos.    221  P.  Micbaehs.    222,  223.  Pendtmmn 
Fusus    224-226.  Glenodinuun  apicidatum.    227.  Tiicbodma  tentaculata. 
T.  Pediciilus.    231,  232.  Urocentriun  Turbo.    233,  234.  Stentor  Roeselii. 


PLATE  XI.  (Diatoms). 

Figures  1  to  8.  Epitbemia  turgida  (Tbwaites) :  1.  A  view  of  concave  surface ;  2.  A 
side  view  •  3  Apposition  of  concave  surfaces  in  the  first  stage  of  conjugation ;  4.  A  front 
view  of  a  single  endochrome,  showing  it  to  have  divided  into  two  segments ;  5.  The  young 
sporangia  lySig  transversely  between  the  cleft  parent  frustules ;  6.  The  same,  viewed  end- 
ways, shomng  their  cylindi-ical  figure;  7.  Increased  growth  of  the  sporangia;  8  The  pro- 
duced sporangia  ultimately  much  larger  than  parent  fronds,  and  now  striated  like  the 
latter.  At  the  commencement  of  conjugation  the  fronds  are  enveloped  m  mucus,  as  shown. 
9  10  11  12  Gomphonema  cui-vatum  (Tbwaites),  Ulustrating  the  process  of  conjugation 
in  tiii's  being,  which  generaUy  resembles  that  in  Epithemia.  14.  Melosira  nummuloides 
(Ralfs).  17.  Gomphonema  minutissimum  (Tbwaites)  conjugating.  18.  Dmophysis  acuta 
(Elu-)  fv  19  D.  limbata  (Ehr.),  f.  V.  20  &  27.  Melosu-a  coarctata  (Ehr.),  f.  vs.  21,22. 
Amphitetras  antediluviana  (Ealfs) :  21.  A  partial  s.  v. ;  22.  filament.  24,  25.  Teti-a,cyclus 
lacustris  (Ealfs) :  24.  Filament ;  25.  A  marginal  view.  26.  Melosu-a  sulcata  (Elu-.),  a 
filament.  28.  Actinoptychus  Jupiter  (Ehi-.).  29.  Melosu-a  ItaUca  (Ehr.),  filament. 
30.  Sphenosira  Catena  (Ehi-.),  filament.  31.  Actinoptychus?  hexaptera  (Eln-.).  32. 
Amphipentas?  alternans  (Ehr.).  33.  Asterolampra  Marylandica  (Ehr.).  34.  Asterom- 
phalus  Hookeri  (Ehr.).  35.  HeUopelta  Metii  (Ehr.).  36.  Symbolophora  Trmitatis  (Ehr.). 
37.  SpirUlma  vivipara  (Ehr.) :  a  member  of  the  family  Ai-cellina,  having  a  close  affinity 
with  the  calcareous-sheUed  Polythalamia  or  Forammifera.  38.  Craspedodiscus  elegans 
(Ehr.).  39,  40.  Coscinodiscus  radiatus  (Ehr.) :  39.  f.  v. ;  40.  s.  v.  41,  42.  Eupodiscus 
Argus  (Ehr.):  41.  f.  v. ;  42.  s.  v.  (In  fig.  41,  the  sites  of  the  tlii-ee  tubular  processes, 
which  led  Elirenberg  at  fii-st  to  call  it  Tripodisous,  are  seen.)  43,  44.  Triceratium  Favus 
(Ehr.) :  43.  f.  v. ;  44.  s.  v.  45,  46.  Climacosphenia  moniligera  (Ehi-.)  :  45.  f.  v. ;  46.  s.  v. 
47.  Terpsinoe  musica  (Elu-.).  48,  49.  Grammatophora  gibba  (Ehr.) :  48.  f.  v.,'  showing 
the  two  imperfect  septa  (vitta;,  Kiitz.)  at  each  end ;  49.  s.  v.  50,  51.  Zygoceros  Sm-ireUa 
(Ehr.):  50.  s.v.;  51.  f.  v.  52,53.  Grammatophora  marina  (Elu-.):  52.  f.  v. ;  53.  s.v. 
54.  Hemiaulus  antarcticus  (Elu-.),  f.  v. 


PLATE  XII.  (Diatoms,  Protozoa,  &c.). 

Figure  1.  Amphiprora  constricta  (Ehr.),  f.  t.  2,  3,  4.  Sui-irella  Gemma  (Elu-.): 
2,  3.  f.  V. ;  4.  8.  V. :  these  figures  were  intended  especially  to  represent  the  foot-like  pro- 
cesses (cilia  ?)  and  the  foramuia  through  which  these  are  protruded.  5.  Navicida  cuspidata 
(Ehr.),  s.v.  6.  N.  amphirhynous  (Ehr.),  s.v.  7,  8,  9.  Stam-oneis  phyllodes  (Elu-.): 
7,  8.  8.  V. ;  9.  f.  V.  10, 14,  30.  Staiu-oneis  scalaris  (Ehi-.) :  10.  8.  v. ;  14.  Process  of  self- 
division  seen  on  f.  v. ;  30.  s.  v.  11.  Campylodiscus  flexuosa  (Elu-.),  f.  v.  12, 13,  22,  23. 
C.  Ehrenbergii  (Ehr.):  12  &  22.  f.  vs. ;  23.  s.  v. ;  13.  Viewed  lying  on  one  end.  15  &  31. 
Navicula  major  (Elir.) :  15.  8.  v. ;  31.  f.  v.  16.  Stam-oneis  dUatata  (Ehr.),  s.  v.  17,18. 
S.  Phoenicenteron  (Ehr.) :  17.  f.  v. ;  18.  s.  v.  19,  20.  Surirella  Crnticula  (Ehr.) :  19.  f.  v. ; 
20.  s.  V.  21.  Navicida  Tabellaria  (Ehr.),  s.  v.  24,  25.  Epithemia  Librilc  (Eln-.) :  24.  f.  v. ; 
25.  s.v.  26.  Amphora  gi-acilis  (Elu-.),  s.v.  27.  Epithemia  gibba  (Ehv.),  ventral  sm-face. 
28  &  53.  Gomphonema  apiculatum  (Ehr.):  28.  f.  v. ;  &3.  s.v.  29.  Hiniantidium 
monodon  (Elir.),  s.  v.  32.  Navicula  afiinis  (Elu-.),  s.  v.  33.  N.  Chilensis  (Ehr.), 
ventral  siu-face,  s.v.  34  &  36.  Synedra  Gallionii  (Elu-.):  34.  f  v.  of  four  conjoined; 
36.  s.v.  35.  Gornphonouia  Vibrio  (Ehr.),  s.v.  37.  Amphora  nuvioularis  (Ehr.),  f.  v. 
38.  A.  Libyca  (Ehr.),  f.  v.  39.  Eunotia  quinaria  (Ehr.),  8.  v.  40.  Diiulosinis  leevis 
(Ebi-.),  f.  V.  41.  Cocconcis  Finnica  (Khr.),  s.  v.  42.  C.  occanica  (Eln-.),  s.  v.  43.  Na- 
vicula Esox  (Ehr.),  s.v.  44.  Nitzschia  vnlons  (Ehr.),  f.  v.  45,  49,  50,  51,  52.  lliman- 
tidiiun  PapiUo  (Ehr.):  45  &  51.  Filamente ;   49.  A  single  frustule  seen  on  ventral 
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surface;  50&52.  b.v.  46.  Cocconema  cymbiforme  (Ehr.),  b.  v.  47.  Peridinium  con- 
strictum  (Elir.) :  the  median  sulcus  or  constriction  is  well  seen  dividing  the  lorica  into 
two  segments — patellai  or  valves,  each  of  wliich  is  here  again  composed  of  several  facettes. 
A  distinct  nucleus  (sexual  gland,  Eln-.)  is  shown.  48  a,  b.  Cocconeis  Americana  (Ehr.) : 
48  a.  s.  V. ;  48  b.  Several  frustules  adherent  to  a  portion  of  Conferva.  54.  Himantidium 
Gruianense  (Ehi-.),  f.  v.  of  a  filament.  55,56,57.  Colletonema  Amphioxys  (Ehr.):  55, 
8.  v.  of  a  single  frustule ;  56.  f.  v. ;  57.  A  collection  enclosed  in  their  mucous  investment, 
seen  in  diti'erent  positions.  58.  Spheerozosma  ?  .  .  .  (Brightwell) :  tliis  production  was 
found  by  Mr.  Brightwell  (see  '  Eamia  Infusoria  of  Norfolk').  We  cannot  perceive  any 
affinity  between  liis  di-awing  and  the  members  of  the  genus  Sphferozosma,  to  wliich  he  has 
em-mised  it  might  belong.  59.  Ceratoneis  Closterium  (Ehr.),  s.  v.  60,  61.  Pleurosigma 
Fasciola  (Ehr.).  62,  63.  Dictyocha  Speculum  (Ehr.) :  62.  Viewed  in  front ;  63.  Viewed 
sideways.  64.  Difflugia  acanthophora  (Elu-.):  its  sui-face  illustrates  what  is  termed  an 
imbricate  disposition  of  the  scale-like  markings ;  a  navicular  body  is  represented  in  its 
interior,  as  seen  through  its  ti-ansparent  lorica.  65,  66.  Asplanchna  Brightwellii  (Bright- 
well).  These  two  figures  are  from  Mr.  Brightwell's  book :  65  is  there  described  as  "  a 
young  specimen  (female),  just  emerged,  in  which  the  red  eye  and  germs  of  other  organs 
are  seen;"  in  66  "maybe  seen  the  oesophagus  leading  to  the  stomach,  and  above  the 
stomach  two  small  bodies  (either  salivary  or  hepatic  glands),  and  under  it  the  opaque 
ovisac."  67,  68,  69.  Zoothamnium  Arbuscula  (Brightwell) :  these  tliree  figures  from 
Mr.  Brightwell  illustrate  the  curious  cycle  in  development  referred  to  in  the  text.  70. 
Vaginicola  .  .  .  ?  (Brightwell) :  apparently  a  Vaginicola  undergoing  spontaneous  fission. 
71.  Mesocena  heptagona  (Ehr.).  72.  Navicula  cardinalis  (Ehr.),  s.v.  73.  Stauroneis 
Isostauron  (Ehr.),  s.v. 


PLATE  XIII.  (Diatoms). 

Figiire  1.  Amphipleura  peUucida.  2.  A.  rigida.  3.  Surirella  constricta.  4.  Den- 
ticula  elegans.  5,  6,  7.  Amphiprora  alata.  8.  Epithemia  alpestris.  9.  Ceratwieis 
spiralis.  10.  Cocconema  gibbum.  11.  Gomphonema  cm-vatum.  12.  Epithemia  -for- 
ceUus.  13.  (left)  Podosphenia  hyalina  ;  (right)  P.  cuneata.  14.  P.  Ehrenbergii. 
15.  Ehipidophora  tenella.  16.  Licmophora  divisa.  17.  Ehipidophora  Nubecula. 
18.  Epithemia  Musculus.  19.  Ehipidophora  Meneghiniana.  20.  Synedra  tulgens. 
21.  Meridiou  cii-culare,  var.  22.  Grammatophora  hamulifera.  23.  Gomphmiema 
acuminatum.  24,  25.  Odontidium  hyemale.  26.  Tabellaria  ventricosa  27.  Ehab- 
donema  Adi-iaticum.  28.  Pododiscus  Jamaicensis.  29.  TabeUaria  flocculosa.  30,  dl, 
32,  32  a.  Biddulpliia  obtusa.    33.  Pyxidicula  Adriatica. 


PLATE  XIV.  (Diatoms). 

Fieuxes  1  to  12.  FragUaria  capucina.  13.  HimantidiuiQ  Soleirolii.  14.  Cym- 
bosira  Agardliii.  15.  Achnanthidium  microcephalum.  16.  A  delicatulum.  17.  Cyclo- 
teUa  Scotica.  18,  19,  20.  Cymbella  gastroides.  21.  Eliaphoneis  Amphiceros.  22. 
Encyonema  prostratum.  23.  Hyalosira  rectangula.  24-28.  Cymbella  ■ 
Hyalosira  obtusangula.  30.  SpheneUa  angustata.  31.  S.  obtusata.  32,  33.  Diadesms 
confervacea.  34,  35  «,  i.  Berkeleya  Adi-iatica.  36.  Gomphonema  coroimUim  37, 
38  a,  b,  c.  Homceocladia  pumila.  39-42.  Micromega  pallidum.  43,  44.  M.  bomby- 
cinum.    45,  46.  Homceocladia  moniliformis.    47-49.  H.  Martiana. 


PLATE  XV.  (Diatoms). 

Fieures  1,  2.  Cyclotella  atmospherica  (Ehr.).  3.  C.  Atlantica.  (Ehr.).  4  C.  Sinensis 
^Ehr  )  5.  Staurosii-a  construens  (Ehr.).  6,  7,  8,  9.  Epithemia  lougicornis  (Ehr.)  10. 
Goniothecium  crenatum  (Ehr.).  U.  Epithemia  Argus  (Ehr.).  12.  NaAncida  didyma  (Elu-.). 
it  DSmTg'nSmGuianensejEhr.).  I5.  Navicufata^niata  (Eln-.)^  16, 17  HimanUdiu^i 
tnonodon  (Elu-.):  16.  Two  frustides  conjoined  in  front  view;  17.  s.v.  18,19,  -SO,  'ii. 
radino^tocus  ornatus  (Shadbolt) :  18.  External  membrane,  as  seen  when  detached  from 
tlfe  inne  framework,  or  when  viewed  from  the  outside  of  the  shell  as  an  opaque  object; 
IQ  Tirinnci  ftlme^ork  is  exhibited  on  a  black  cUsc  as  an  opaque  object ;  20.  The  mem- 
branT^nd'^franr^rk  united,  as  seen  by  transmitted  light  x|00;  21  The  ^ame  more 
amnlified  xOOO.  22,23.  Campylodiscus  parvulus  (Smith) :  22.  s.  v.  ,  23.  i  artiai  1.  ^ • 
I4  25  Grammoncma  J™  24.  Front  and  s.v.  of  a  single  frustiile  ;  25  A 

f  i\r^;    ?fi  27  Melosira  NageU:  a  series  of  figiu-es  to  iUustTate  the  distribution  of  the 
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266.  from  the  lateral  surface;  two  bands  of  cMoropliyll  are  seen  on  each  side,  and  their 
section  at  the  angles;  26  6'.  from  the  base;  27.  Seen  from  below,  nucleus  with  nucleoh 
and  sap-ciu-renta;  largo  and  small  chlorophyll-globules;  27  6.  Seen  trom  the  side;  the 
two  lateral  bands  of  cliloropliyll  are  seen,  and  a  parietal  nucleus,  with  sap-curreuts  Irom  it, 
in  the  feotre  of  one  side;  27 f.  An  iucUvidual  after  division,  seen  from  the  side,  ihe 
chlorophyll  bauds  appear  only  in  section.  Bach  secondary  ceU  has  a  parietal  nucleus. 
28  a,  b,  c,  d.  BaciUaria  NiigeU:  a,  viewed  from  the  broad  side,  a  granular  nucleus  m  the 
centre ;  b,  also  the  broad  side,  an  individual  before  division,  the  nucleus  primarily  divided; 
c,  division  complete ;  d,  viewed  from  the  base  (in  section).  29  a,  b,  c,  d.  Melosii-a  Dickieu 
(Thwaites):  a,  filament,  in  ordinary  state;  b,  filament,  the  termmal  cells  of  wliich  are 
becoming  converted  into  sporangia ;  c,  sporangia ;  d,  sporangial  frustules  becoming  deve- 
loped from  one  of  the  halves  of  a  previously  divided  sporangium,  x220.  30  a,  b.  Maa- 
togloia  Danseii  (Thwaites):  a,  portion  of  frond,  x35;  b,  a  part  of  same,  x220.  In  it 
two  frustules  ai-e  shown,  one  in  front,  the  other  on  side  aspect.  31  a,  b,  c,  d.  Dickieia 
ulvoides  (Ealfs) :  a,  natural  size,  m  different  stages  of  growth ;  b,  frustules  (navicuhir 
bodies)  highly  magnified  when  fresh ;  c,  one  when  dried ;  d,  a  lateral  view  of  the  same ; 
f,  a  portion  of  frond,  less  highly  magnified,  showing  the  simple  and  binate  frustules. 

32.  Melosfra  varians  (Thwaites)  (=Gallionella,  Ehr.),  filament  with  sporangia,  X220. 

33.  M.  Italica,  filament  with  sporangia.    34.  Dictyocha  Fibula.   35.  D.  trifenestra. 


PLATE  XVI.  (Diatoms  and  Desjiids). 

Figures  1  to  6.  Navicula  (Pinnularia,  Ehr.)  major.  Erom  Schleiden's  'Principles  of 
Botany,'  to  illustrate  the  structure  of  the  silicious  valve.  1.  s.  v.  (venter,  Ehr.).  "  In  the 
middle  line  are  two  clefts,  terminating  at  the  centre,  as  well  as  at  the  other  ends,  with  a 
little  circular  enlargement,  more  clearly  seen  in  figs.  3  and  5.  The  rounded  spot  in  the 
middle,  and  at  the  two  ends,  is  not  a  hole  as  represented  by  Ehrenberg.  That  such  a  hole 
is  decidedly  sometimes  not  present,  is  seen  in  such  fragments  as  figs.  3  and  5.  In  the 
position  of  the  obhque  lateral  clefts  (striae  or  costse,  Ehr.),  the  valve  consists  of  two  leaves, 
penetrated  by  the  clefts,  which,  where  both  the  lamellae  touch  each  other,  are  somewhat 
broader,  which  explains  the  varying  breadth  of  the  clefts  according  to  the  alteration  of  the 
foci.  Fragments  in  which  this  structm-e  is  clearly  represented  may  be  frequently  obtained 
by  crusliing  the  valve  (fig.  6).  2.  A  front  view,  shovrang  that  the  rounded  enlargements  of 
the  median  line  are  but  depressions  on  the  external  sm-face.  The  double  contom',  denoting 
the  thickness  of  the  wall,  is  well  seen.  This  clearly  shows  that  a  passage  exists  from  the 
top  to  the  bottom  of  the  valve,  which  may  be  easily  confirmed  if  the  valve,  or  better  stUI  an 
oblique  section  of  it,  be  looked  at  from  above;  fig.  5  is  such  a  section."  7,  8.  Cymato- 
pleura  eUiptica  (Smith).  9.  0.  Solea.  10-19.  Closterium  Ehrenbergii  (Smith),  shovring 
the  stages  in  its  conjugation,  and  the  formation  of  the  sporangia:  10.  A  single  frond  in  its 
ordinary  condition;  11.  Two  fronds  approaching  to  conjugate;  12.  Conjugating  fi-onds 
undergoing  seK-division,  the  upper  showing  the  jjrotuberances  through  the  torn  apices  of 
which  the  contents  of  the  divided  fronds  pass  into  the  sporangia ;  13.  Shows  the  passage  of 
the  endoohrome-sac  and  its  contents;  14.  Conjugated  fronds  having  perfected  thefr  spo- 
rangia; 15  (after  M.  Morren).  Development  of  the  "propagules"  into  young  fr-onds; 
16,  17,  18,  19  (from  Morren).  Development  of  a  sporangiimi  into  a  Closterium  with 
unequal  segments;  the  figures  are  all  magnified  100  times.  20-26.  Surirella  biseriata 
(Smith).  To  illustrate  the  structm-e  of  the  valve  and  self-division  of  the  frustule :  20.  View 
of  frustules  on  the  completion  of  self-division ;  21.  Apertures  of  costal  canals  seen  in  front ; 
22.  Silex  of  connecting  membrane  after  maceration  in  acid ;  23.  f.  v.  (the  broad  median 
longitudinal  band  is  the  connecting  zone  of  the  two  valves) ;  24,  s.  v. ;  25.  e.  v. ;  26. 
Transverse  section  of  empty  frustule. 


PLATE  XVTI.  (Diatoms  and  Phytozoa). 

Figures  506-509.  Pyxidicula  globata.  511  &  515.  Xanthidium  ?  ramosum.  512. 
X.  hirsutum.  513,  514.  X.  ?  dilforme.  516-518.  Canipylodiscus  Clypeus.  519-531. 
Spirillum  Bryozoon.    532,  533.  Astasia  navalis.    534.  Gyges  sanguineus. 


PLATE  XVIII.  (Phytozoa). 

Figvirel.  Monas  Crepusculum,  x  800.  2.  Monas  Punctum.  3,4.  Uvella  aiaucoma, 
X  360 :  4.  Detached  monads.    5.  Poly  ton  la  Uvella.    6,  Microglena  monadina.    7.  Glo- 
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nomomm  tiugons,  X250.    8.  Doxococcus  ruber.    9.  Bodo  intestinalis,  x300.    10  &  21. 
Monas  Lens.     11  a,  b.  Oeroomonas  lobata.     12  a,  h.  C.  trimcata.    13  a,  b.  Amphimonas 
dispar.  14.  Chilomonas  Paramecium,  X  380.  15.  Monas  elougata.  16.  Trepomonas  agUis. 
17  Monas  globulosa.   18.  Chilomonas  granulosa.  19.  Monas  attenuala.   20.  Ceroomoiias 
acmniuata.    21.  Monas  Lens  (two  figs.).    22.  Ccrcomonas  longicauda.    23.  C.  Globudus. 
24  Spiromonas  volubilis.    25.  Pleuromonas  jaculans.    26.  Ileteromita  exigua.    27.  ire- 
pomouas  ao^iUs.    2&a,b,c,d.  Trichomonas  Batrachorum.    29.  Oryptomonas  ovata,  XoOO. 
30  Prorooentrum  micans.    31.  Lagenella  euchlora.    32.  Cryptoglena  conica.    33,  34. 
Trachelomonas  Volvocina.    35  a,  b,  c,  d.  Chonemonas  Schrankii :  c,  d.  Var  G.  uniMis. 
36.  Astasia  hcematodes.     37-39.  Euglena  sanguinea.    40,  51,  54.  E.  viridis  encysted 
and  in  act  of  fission.    41,42.  E.  Pyi-um,  x400.    43,44.  E  longicauda.    45.  Ambly- 
onhis  viridis.    46.  Euglena  viiidis.    47.  Chlorogonimn  euchlorum.    48  a,  b,  c.  Astasia 
Umpida.     49,  50.  A.  contorta.     52.  Euglena  spirogyi-a.     53,  55.  Eutreptia  Tind^. 
56.  Zyeoselmis  inajquaUs.     57.  Bacterium  trHoculare.    58.  Spirocliffita  phcatil^.  59. 
Spii-illiSn  Undvda.    60.  Vibrio  Bacillus.    61.  SpiriUum  Undula.    62  Vibrio  BaciUus. 
63.  Spii-odiscus  Mvus.    64.  Vibrio  Eugula.    65,  66.  Sporonema  gracile.    67,  68.  Spi- 
rulina  plicatilis.    69.  Zooglcea  Termo :  a  mucoid  mass  of  Vibrios,  the  individuals  ol  which 
are  equivalent  to  Bacterium  Termo  of  Dujardia. 

PLATE  XIX.  (Phytozoa). 
Fieure  1.  Cliromatium  Weissii.  2.  Menoidium  peUucidum.  3.  Tetramitus  descissus. 
4-6.  MaUomonas  Ploslii.  7  a,  b,  c.  Phacotus  vii-idis.  8.  Aoiisonema  Acmus  9, 10. 
Trvnemonas  volvocina.  11.  T.  cylindrica.  12.  Chonemonas  acuminata.  13  14.  Lepo- 
ci^cUs^lobulI^  15.  Hii-midium' inane.  16.  Chlamydomonas  puJ^nsculus.  17.  Dinema 
Slum  1^  19.  Eutreptia  vii-idis.  20-31.  Chlamydococcus  (Protococcus)  pluviah  , 
S  forZand  development%fter  Colin:  20.  A  stiH  ceU  revived  after  desiccation ;  21.  CeU 
with  nucleus  22  S  iU  cell  with  dense  external  coat ;  23.  Fission  of  primordial  within  the 
™rceU  k  E^^^  of  a  still  cell,  wall  of  pai-ent  cell  become  gelatinous  ;  25.  Dmsion 
^f  seconda;y  ctils  26.  Eission  of  encysted  ceU  into  foui-  secondary,  and  27.  mto  thn:tj- 
tir^P^U  28  The  several  cells  produced  set  free,  a  membrane  thi-own  out  around  one; 
S  -ospore;  30.  A  ceU  on  the  Poi-^of  as^mg 

th,^  rTorile  condition-  31.  A  very  smaU,  globulai-,  encysted  zoospore.  32-37.  Gomum 
the  motile  '  .i;^\gbidar  frond  ;  33.  Detached  cells,  showmg  then-  contractile 

v^:Sf  34  Fot  goSa^^^^^^^^  by  the  radiating  tub^ar  processes  of  tbeii-  externd 
rnSaneiiito  which  the  green  contents  do  not  enter;  35.  Exceptmg  one  cell  of  the 
ta£  Xihe  otC^^^^^^^  proceeded,  to  a  gi-eater  or  less  extent,  by  the  process  of  iusion,  to 
tablet,  au  me  omoiB  iJdvu  i  rndimentarv  eonidia  to  form  new  tablets;  each  one  is 

generate  "  daughter  ceUs    °J  ^he  r^^^^  ^^^.^^  ^ 

Jo  «a  pLX-ina  Morum:  59.  Perfect  form,  with  sixteen  gonicba,  side  vie«  ;  60  The 
59-69.  A  conicUum  side  view;  62.  A  frond  with  the  gonidia  di«ded, 

same,  polar  view;  61-  A  go»"^^™^  vou"K  frond  of  fig.  63,  after  formation  of  cilia,  set 
63.  A  -ore  a|.mce<^^fi^^  ITetogether;  66  Apolarnew;  67.  Endor 

free  ;  65,  66.  lo'^iiig  i  encvsted  and  turned  rod  and  tbeir 


B"-'"-".   
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PLATE  XX.  (Piiytozoa). 
Fieures  1-14    Polytoma  Uvolla,  forma  and  development  of :  1.  Perfect  form;  2. 

rior  exh;mity:  x300  (Sctaeidcr).  15-21.  Fission  and  formation  of  microgomdia  m 
Chlorogonium^uohlomm.  23,23.  Pandorina  Morum  (?) :  22.  A  presumed  form  rf, 
with  encysted  immatnre  fronds,  Xl50;  23.  Another  presumed  iorm  X  2^0.  2A 
Chlamydococcus  (?),  a  presumed  form  of;  the  two  internal  globular  ceUs  of  a  clear 
ruby-crimson ;  the  moving  granules  probably  monads  ;  suggested  to  be  Spermatozoa,  X220 
fCiu-rev)  25.  Volvocina,  a  developmental  phase  of  one  of  the,  ha.ang  encysted  gomdia. 
26-28.  Syncrypta  Volvox,  X  260.  29,  30.  Synm-a  UveUa :  30.  Section  of  a  group  (Ehr.). 
31  Uro-lena  Volvox.  32.  Volvox  Globator.  33-49.  Illustrations  of  sti-ucture  and 
development  of  Volvox  Globator  (Busk  and  Williamson) :  33.  A  section  showing  parietal 
cells  and  contained  gemma3 ;  34.  Portion  of  edge  of  an  embryo  Volvox  viewed  m  the 
equatorial  plane  to  show  the  common  envelope  and  the  position  of  the  subjacent  ceUs  or 
Konidia  ;  the  last  not  passing  beyond  the  external  gelatinous  (?)  coat  (Busk) ;  35.  Higlily 
ma-nified  view  of  three  ceUs  ;  the  faint  lines  between  indicate  the  binits  of  the  gelatinous 
envelope  of  each  ceU  ;  36.  Section  of  a  specimen  moimted  m  glycerine  (Will.) ;  37.  CeUs 
seen  from  above,  showing  radiating  thi-eads ;  38.  ObHque  section  momited  in  glycerine ; 
39-41  Single  cells  ;  42-44,  46,  47.  Progi-essive  development  of  Volvox  by  hssion ;  45. 
Diagram  of  a  superficial  view  of  a  portion  of  a  globe  (Will.);  48,  49.  Winter  spores  of 
Volvox  aiu-eus :  48.  An  earlier  ;  49.  A  later  and  matm-e  condition  (Busk). 


PLATE  XXI.  (Protozoa). 

Figvirel.  Amceba  Schultzii,  x330.  2.  A.  globularis,  x330.  3.  A.  porrecta,  X330. 
4.  A.  princeps,  XlOO.  S  a,  b,  c.  Amoebiform  germs  or  "Proteans"  of  Spongilla.  6. 
Mihola  vulgaris.  7-9.  Aroella  vulgaris  ;  8.  A  side  view  ;  9.  Empty  shell.  10.  Difflugia 
globulosa,  Xl50.  11.  Euglypha  alveolata,  empty  shell,  x340.  12-14.  Gromia  oviform  is  : 
12.  A  young  specimen ;  13,14.  Nuclear  bodies  found  in  (Schultze),  x300.  15.  Arcella 
Ok'enii.  16.  Gromia  oviformis,  x300.  17.  Difflugia  pyi-iformis.  18  a,  h.  Supposed 
young  forms  of  Gromia  Dujardinii  :  a,  X  72  ;  X 180.  19  a-f.  D.  Enchelys :  a,  h.  Different 
forms ;  c.  Contents  resolved  into  granules  ;  d,  e.  Fission  into  two  and  four  portions ; 
/.  Two  individuals  coherent.  20  a,  b.  Early  stage  of  an  undescribed  Miliola :  «,  X  72  ; 
b,  x330  (Schultze).  21,  22.  Miliola  obesa:  21.  A  young  specimen,  x72;  22.  Shell, 
after  the  removal  of  the  calcareous  matter  by  dilute  acid.  23.  M.  Anconensis.  24. 
Animal  contents  of  a  MiUola  after  dissolution  of  the  shell  by  acid ;  displaying  a  constric- 
tion at  each  half  turn,  and  the  delicate  membranous  envelope  at  the  lower  and  larger 
extremity.  25.  Cornuspira  perforata.  26.  Rotaha  Veneta,  seen  in  fi-ont.  27.  Eosalina 
omata,  portion  of  shell  of,  XlOO.  28.  Polystomella  venusta,  x72.  29,  30.  P.  Stella- 
borealis,  seen  in  front,  x72;  30.  Portion  of  cell  to  show  structm-e,  X  180.  31.  Eotalia 
Veneta,  shell  after  action  of  acetic  acid,  xl80.  32.  Nuclear  body  from  the  last  chamber 
of  TextUaria  picta,  x330.  33.  Eotalia  Veneta,  x50.  34  a,  b.  Acervulina  aciuosa; 
b.  Natural  size.    35.  Acervulina  globosa,  portion  of  shell,  x300.    36.  Textilaria  picta, 

Xl80.  37.  Acervulina  globosa,  section  through  tliickness  of  shell,  x300.  38.  Polymor- 
phina  sUicea,  sihcious  matter  detached  by  pressure,  x300.  39.  Polystomella  sb'igilala, 
animal  substance  with  attached  particles  apparently  assuming  an  independent  existence, 

X330.    40.  Portion  of  contents  of  Gromia  Dujardinii.    (Figures  20  to  40,  Schultze.) 


PLATE  XXII.  (Pbotozoa). 

Figures  1-3.  Amoeba  radiosa ;  2.  An  older  specimen ;  3.  One  nearly  divided  into 
two.  4,  5.  A.  Limax.  6.  A.  guttula.  7-11.  A.  bilimbosa :  in  7  and  9  the  external 
envelope  strongly  marked  by  a  double  outline;  a  clear  zone  within  it;  9.  Fh-st  stage 
of  encysting;  10.  A  nucleus  with  a  central  clear  space,  and  one  with  two  nucleoli; 
11.  A  specimen  acted  on  by  solution  of  iodine  ;  contained  starch-granules  coloured  blue. 
12-18.  A.  actinophora  :  in  13  two  pulsating  vesicles  occiu* ;  15.  Specimen  acted  upon  by 
acetic  acid,  showing  doulile  outline  of  integument ;  16  contains  refi-actm^  particles  of  a 
crystalline  form  ;  17.  Some  such  particles  isolated,  and  more  liighly  magnified ;  18.  Two 
coherent  individuals,  indicative  eitlier  of  fission  or  of  conjugation.  19.  Cadium  marinum. 
20-23.  AmcEba  bilimbosa;  20.  Treated  with  iodine,  the  starch-granules  coloui-ed  blue; 


958 


DESCBIPTION  or  THE  ENGEATrUGS. 


21.  An  encysted  specimen;  22.  A  ruptured  and  empty  cyst;  23.  Probably  the  act  of 
fission.  The  large  circular  body  lying  between  the  two  halves  is  an  encysted  Oxytricha 
which  has  been  taken  up  by  the  Amoeba.  24-27.  Cypliidium  aureolum.  28,29.  Qrega- 
riua  SipuncuU ;  29.  A  double  being,  the  result  of  fission.  30-32.  Progi-essive  develop- 
ment of  the  contents  of  a  Gregarina  from  an  Annelid  (Coenurus  variegata)  into  pseudo- 
navicellaj, — in  other  terms,  three  pseudo-navicella  capsules.  33.  G.  clavata.  34.  G. 
Sieboldii,  full-gi-own.  35,  36.  G.  Terebella;;  36  exliibits  longitudinal  costte.  37.  A 
group  of  Psorospermia,  from  a  cyst  in  the  eye  of  a  Cyi^)rinus  Tinea.  38  a,  h,  c.  Full- 
grown  Psorospermia :  (J,  viewed  in  front,  x900;  i,  seen  from  above ;  c,  on  one  side.  From 
the  vesicula  of  Gadus  lota.  39.  Psorospermia  from  a  cutaneous  cyst  on  a  Gasterosteus 
(Stickleback),  X  580.  40.  Psorospermia  from  a  cyst  of  Gosterosteus  aculeatus ;  a  group 
showing  the  different  stages  of  development.  41.  Psorospermia  biu*st  by  pressiu-e  from 
Cyprmus  Brama ;  b,  the  contained  amoebiform  body  isolated,  x900.  42.  Epipyxis 
Utriculus.  44,  45.  Microtheca  octoceros.  46.  Opalina  Lumbrici.  47.  O.  armata, 
transverse  fission.    48,  49.  Dinobryon  Sertularia. 

PLATE  XXIII.  (Protozoa). 

Figures  1,  2.  Actinophrys,  figured  as  one  phase  in  the  development  of  Vorticella 
microstoma  by  Stein :  a,  external  coat;  b,  nucleus;  c,  vesicle.  In  2  a  ciliated  embryo 
appears  within  a  distinct  sac.  3-5.  Podophrya  fixa  (?),  represented  by  Stein  as  another 
phase,  besides  figs.  1  and  2,  in  the  development  of  Vorticella  microstoma.  A  ciliated  germ 
is  seen  in  4,  which  in  5  is  about  to  escape.  6-8.  Other  forms  of  Podophi-yean  Acinets  as 
figured  by  Stein :  6,  7.  As  treated  with  acetic  acid ;  the  development  of  an  embryo  from 
the  nucleus  is  shown  in  figs.  7  and  8.  9-14.  Vorticella-cysts,  after  Stein's  figures.  In  9 
the  nucleus  is  resolved  into  monadiform  germs  ;  10, 11.  Development  of  cyst-contents  mto 
secondary  cysts,  which  are  fiu'ther  seen  in  figs.  12  and  13  as-become  fusiform  and  protruded 
through  the  wall  of  parent  cyst,  so  as  to  discharge  their  monadiform  germs  without,  as  seen 
in  fig.  14.  15,  16.  Acineta  diademiformis,  with  its  embryo.  17-20.  A.  LLnguifera,  or 
Acineta  with  the  tongue-Kke  process  attributed  to  Operoularia  berberina ;  20  shows  an 
empty  capsule.  21.  A.  digitata,  or  Acineta  with  the  finger-like  processes.  22,23.  Acmeta 
attributed  by  Stein  to  Opercularia  Lichtensteinii ;  23.  A  specimen  acted  on  by  acetic  acid. 
24  25  Actinophrys  oculata ;  25  represents  three  individuals  m  the  act  of  conjugation, 
treated'with  acetic  acid.  The  contents  of  two  have  intermingled  ;  a  large  vacuole  with  food- 
particles  Hes  between  them.  The  individual  on  the  other  side  is  simply  coherent.  {l-2b, 
Stein.)  26,  27.  Acineta  ferrum-equinum ;  27  shows  the  escape  of  the  cihated  embryo. 
The  horseshoe-shaped  nucleus  appears  as  a  clear  space.  28.  Actinophrys  Sol.  29,  30.  A. 
Eichhornii  •  30.  A  highly  magnified  section  to  show  the  reticulated  structure.  31, 32.  A. 
Sol-  31  In  the  act  of  self-division  (conjugation  ?)  ;  32  shows  tlu-ee  vesicular  expansions 
concerned  in  the  introduction  of  food,  and  an  encysted  animalcule  just  brought  to  tiie 
surface  33-35.  Podophrya  fixa ;  34.  In  act  of  fission ;  35.  Segment  becommg  one  inde- 
pendent and  about  to  sepai-ate.  36,  37.  Encysted  Podophi-y^  38  39.  Stages  of  Podo- 
phrya towards  encysting.  40,  41.  Acineta  with  embryos.  42,  43.  Transformation  of 
file  embryo  into  an  Acineta,  figured  as  commencing  in  43,  and  as  completed  m  42. 


PLATE  XXIV.  (Protozoa). 

Pieures  274,  275.  Lacrymaria  Proteus.  276,  277.  Leucophrys  paMa.  278.  L. 
SpathllT  279,280.  L.  sang^inea.  281.  Holopln-ya  Ovum.  282,  283  Prorodon  teres, 
opamuut.  g  „  OOQ    TvnphpHus  Anas.    290.  T.  Ovum. 

284-286.  Coleps  hn-tus.    287,  287*,  288,^»9.  ,       „    V,Qe  t!  Pnna 

291-293.  LoxodesEostrum.  294.  Bursaria  VorticeUa.  295  B^leucas.  296^  B.  Pupa. 
296*  Spirostomum  virens.  297,  298.  S.  ambiguiun.  299  Phiahna  viridis.  300- 
Tol  Glaucoma  scintiUans.  303-309.  ClnlodonCucuUulus^  310  311.  Nassula  elegan  . 
312,  313  AmpMleptus  Anser.  314-316.  A.  Fasciola.  317-319.  Trachelocerca  Olor. 
320.  T.  biceps. 

PLATE  XXV.  (Protozoa). 

FiBirres  321-323.  Aspidisca  denticulata.  324-328.  Kolpoda  Cucidlus.  329^32. 
P.r„£^inm  AureUa  333.  Uroleptus  Muscidus.  334,  335.  Ophryoglena  acummata. 
Paramecium  Aureha.  1  Ceratidium  c'uneatmn.     340,  341  Kei-ona 

1  '  nl,m  342  Urostvla  gi-andis.  343,  344.  Stylonychia  lanceolata.  345,  346. 
polyporum     342  Urostyla  |ai  iii^„,,tophorus  Charon.     349.  Chlamidodon 

sSS^:  ^^^^^  ^^ou.  355.  Ptygura  MeUcerta.    356.  Ich- 
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thydium  Podiira.  357,  358.  Chtctonotus  Lams.  359,  360.  Glenophora  TrochuB. 
361-364.  CEcistes  crystallinus.    365-370.  Conochilus  Volvox. 


PLATE  XXVI.  (PiiYTOzoA). 

The  following  figures  are  derived  from  M.  Dujardin's  excellent  treatise,  '  Histoire  des 
Infiisoii-es ' Figure  1.  Hexamita  nodalosa.  2.  Authopliysa  Miilleri.  3,  4.  Acineta 
tuberosa  ;  in  4  the  ciUa  included.  5.  Heteromita  ovata.  6.  Criimenula  texta.  7.  Poly- 
selmis  vii-idis.  8.  Anisonema  sulcata.  9  a,  b.  Oxyrrhis  marina.  10  a,  b.  Ploeotia  vitrea. 
11.  Heteronema  marina.  12  a,  b.  Zyzoselmis  nebulosa.  13.  Peranema  globulosa.  14. 
Cyclidium  distortum.    15.  C.  abscissum.    16  a,  b.  Acomia  Cyclidium  ;  b,  self-dividing. 


PLATE  XXVII.  (Protozoa). 

Figures  1-9.  Vorticella  microstoma :  1.  With  a  bud  growing  from  its  base ;  2.  A 
specimen  about  to  detacli  itself  from  its  stalk,  and  having  a  posterior  wreath  of  ciUa ;  3.  Self- 
division  proceeding ;  in  4  complete ;  5a,b,  c,  d.  Encysting-process  ;  5  e.  A  cyst  ruptured  by 
pressure,  giving  exit  to  the  included  Vorticella,  apparently  imchanged  ;  6.  Supposed  ti-ansi- 
tional  forms  from  rudimentary  campanulate  organisms  to  imdoubted  Vortioellaj ;  7-9. 
Process  of  encysting,  and  progressive  disappearance  of  special  organs.  10-15.  Vagioicola 
cryatallina :  10,  Self-division  ;  11.  One  of  the  fission-products  contracted  and  ready  to 
escape  by  means  of  its  posterior  wreath  ;  12-15.  Acineta;  formed  from  Vaginicolee.  16-23. 
Epistylis  nutans  :  16.  Two  individuals  on  a  stem ;  the  ciliary  apparatus  protruded  in  one, 
contracted  in  the  other  ;  17,  18.  Supposed  Acinetse  ;  Acineta-body  of  the  Epistylis ;  in  17 
tlie  wavy  outUne  indicates  the  contractions  taking  place  in  the  integument ;  in  18  the  out- 
stretched ciliary  fibres  or  processes,  two  nuclei,  and  a  large  contractile  vesicle  are  visible  ; 
19.  Another  such  body,  with  its  surface  much  contracted,  and  its  contained  substance 
wasted  by  the  development  of  embryonic  nuclei;  20.  Another  figure  assumed  by  the 
Acineta-body ;  21,  The  ultimately  withered  state  arrived  at  by  the  Acineta-body  of  an 
Epistylis,  after  the  exhaustion  of  its  contained  formative  blastema  by  the  repeated  produc- 
tion o*f  embryos  ;  22,  23.  Very  young  forms  (probably)  of  the  Episfylis  nutans,  and  appa- 
rently the  Epistylis  Botrytds  of  Ehrenberg. 


PLATE  XXV  in.  (Protozoa). 

Figvues  1-3.  Nassula  ambigua:  1.  Under  surface ;  the  two  long  articulated  filaments 
within  are  portions  of  OscUlatoriae ;  c,  vesicle  ;  d,  nucleus;  2.  Encysted  specimen ;  3.  Ani- 
malcule forced  from  its  cyst  by  pressure.  4-7.  Glaucoma  scintiUans :  4.  Under  sm-face  ; 
5.  An  encysted  being,  seen  in  6  undergoing  transverse  fission,  which  in  7  appears  oblique, 
owing  to  a  change  of  position  of  the  resulting  segments.  8, 9.  Prorodon  teres :  9.  Its  nucleus 
surmounted  by  a  rim-Uke  nucleolus.  10.  Stylonychia  Mytilus.  (1-10,  Stein.)  11-15. 
Nassula  elegans :  in  11  internal  germs  occur  in  a  cavity  (uterine)  communicating  externally 
by  a  canal  (oviduct) ;  12.  Germ  loosing  itself  from  the  parent ;  13.  A  fission-product 
enclosing  a  germ ;  14,  Germ  developing  Acinetiform  tentacles ;  15.  Nucleus  terminated 
at  its  narrow  end  by  a  nucleolus.  16,  Stentor  Miilleri,  surrounded  by  an  envelope  with 
monads  in  its  interior;  17.  Same,  animal  contracted  in  its  case.  (11-17,  Cohn).  18,  19. 
Vaginicola  valvata.  The  valve  is  seen  closed  at  i  in  fig.  18  ;  fission  has  occurred  both  in 
this  and  in  19,  but  the  animal  is  contracted  in  the  former,  and  expanded  in  the  latter 
example ;  in  19  the  valve  appears  as  a  streak  parallel  with  one  side.  20-23.  Lagotia 
viridis :  20.  Head  of  a  young  individual ;  21.  Lateral  view  of  animal  and  of  its  ciliated 
head ;  22.  Tip  of  one  of  the  lobes  of  ciliated  head ;  23.  Animal  with  front  view  of  head. 
(18-23,  Wright.)  24-26.  Otostoma:  the  oral  cavity  is  seen  as  an  ear-shaped  space ;  in  25 
two  vesicles  also  are  seen  opening  externally.  (Carter.)  27-30.  Coenomorpha  Medusula. 
31.  Panoplirys  grisoola.  32,  Habrodoii  curvatus.  33,  34.  Blepharisma  hyalina.  35. 
CinetochUum  margaritaoeum.  36,  37.  Cyclogramma  rubens.  38,  39.  Stichotricha 
secunda.  40-42.  Ptyxidium  ovulum ;  in  42.  Act  of  fission.  43,  44.  Stichotricha 
secunda.  45.  Colobidium  pellucidum.  46,47.  Mitophora  dubia.  48,49.  Apionidimn 
modcstum.  50,  51.  Lembadion  bullinum.  52-54.  Bajonidiimi  romigans.  55-57. 
Opisthiotricha  tenuis.  58-60.  Megatricha  partita.  61.  Acropisthium  mutabilo.  62,  63. 
Siagontherium  tenue.  (27-63,  Perty.)  64  a-^-.  Enchelys  Farcimen,  illustrating  change  of 
form  consequent  on  the  introduction  of  food.  65-71.  Nassula  viridis  :  65.  Natiu-al  form, 
X370  ;  66,  67.  Cysts;  70,  69,  68,  71.  Development  of  cyst-contonts  into  monadifovm 
germs,  enclosed  within  saccular  thecaj,  and  at  length  discharged  externally  ae  iu  fig.  71 : 
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X300  (Cionkowsky).  72,73.  Enchelya  Pupa.  74-76.  Stylonycliia  pustulata;  74.  the 
animalcule  encysted,  X300.    75,  76.  Eotating  cells  witliin  the  cysts,  x220  (Cieiiliowsky). 

PLATE  XXIX.  (Peotozoa.) 

Figure  1.  Vorticella  Campanula,  viewed  from  the  ventral  aspect.   2.  Carchesium 
polypinum,  viewed  in  front  and  dii-ectly  upon  the  ciliated  disc:  i,  the  mouth ;  e,  the  anus. 
3  Soyphidia  limacina.    4.  Opercularia  berberina,  seen  from  the  back.    5,  6.  Chajtospira 
Mlilleri  ■  6  represents  the  animal  in  motion.    7.  Stentor  polymorphus,  showing  vascular 
canal  around  the  head  and  along  one  side.   (1-7,  Lachmaun.)    8-13.  S.  cisruleus,  and  its 
supposed  internal  germs  or  embryos  in  different  stages  of  development  (Eokhard).    14,  .15. 
Trichodina  Pediculus:  14.  A  lateral  view;  15.  Anterior  extremity.    16.  T.  mitra.  17. 
T  Pediculus,  a  dead,  distended  specimen.  (14-17,  Stein.)    18.  Stylonychia  pustulata 
encvsted  (Stem).    19,  20.  Amphileptus  fasciola:  seen  encysted  m  fig.  19,  and  as  escaped 
from  the  cyst  in  fig.  20.    21-24.  Oxytricha  PeUioneUa:  21.  Encysted;  22.  Cyst  acted 
upon  by  hydrochloric  acid ;  23.  Animal  revived  in  its  cyst  prior  to  its  escape ;  24.  ihe 
free  animal    25-34.  Paramecium  (Loxodes,  Cohn)  Bursaria,  its  structure  and  develop- 
ment- 25  to  show  circulation  of  contents;  26.  Portion  of  integument  highly  magnified  ; 
(19-2(3  Cohn')  27.  Transverse  fission;  28.  Nucleus  seen  at  c,  the  nucleolus  at  c^;  29. 
Embryo  attached  to  the  nucleus;  30.  Embryo  escaped  but  still  adherent  by  acmetiform 
tentacles-  31.  Nucleus  and  attached  nucleolus  separated  by  acetic  acid  ;  32,  33.  JNucleua 
and  nucleolus  during  fission  of  animal ;  34.  Nucleus,  nucleolus,  and  commencmg  embryo. 
35-47  Kolpoda  Cucullus,  illustrating  its  forms  and  development :  37.  Acted  on  by  alcohol, 
to  brine  its  nucleus  into  view;  38.  An  animal  contracted  into  a  spherical  shape;  39.  A 
similar  one  undergomg  fission;  40.  Encysted  Kolpoda;  41.  Same,  m  act  of  fission;  42. 
Fission  completed;  43.  Specunen  treated  with  alcohol;  44.  Cyst-contents  divided  into 
four;  cyst-wall  soft  and  u-regular;  45.  Embryo  escaping  from  a  cyst ;  46.  A  ruptured 
cyst  gi^ng  exit  to  encysted  germs,  as  seen  in  47.    48-59.  Chilodon  CuculMus :  48  b.  The 
so-called  dental  cyHnder;  c,  nucleus  and  nucleolus;  49.  A  specimen  with  a  large  upper 
lip  equivalent  to  C.  uncinatus  (Ehi-.);  50.  Transverse,  and  51.  Longitudinal  fission  ;  52. 
Contracted  prior  to  encysting;  53,54.  Cysts;  in  54  an  embryo  developed ;  55.  Appa- 
rently laminated  cyst  discharging  its  contents;  56,  57.  An  empty  cyst,  with  the  apertm-e 
tlu-ough  wliich  its  contents  have  escaped  remainuag ;  58.  A  cyst  contaimng  a  pai-ent  ammal 
and  an  embryo ;  59.  A  Uberated  embryo,  equivalent  to  Cyclidium  Glaucoma  (Ehi-.). 
(26-59,  Stem.) 

PLATE  XXX.  (Protozoa,  after  Stein). 
Ficures  1-4.  Opercularia  articulata:  2.  A  highly  magnified  view  of  the  head;  3  4. 
SuppSed  Acinetai  of  this  species ;  an  embryo  shown  in  fig^4^  ^i-PP'''y^'''^olI!tnV 
In  5  the  animal  is  seen  extended,  and  in  6  conti-acted;  7  Encysted  animal ;  8-  Its  sup- 
posed Acineta.    9,  10.  Carchesium  polyi^mum:  lO-  A  MgMy  magnified        of  its  ^m. 
11.  Epistylis  crassicollis.    12.  Cothurnia  curva.    13,14.  CSieboldii:  l*- f^^J^^^" 
15, 16.  C.  Astaci :  16.  Animal  contracted.   17-26.  Spirochona  gemmipai-a,  and  its  deve^op- 
rnpnf  17  exhibits  a  eemma-  18-20.  Progressive  development  of  the  spu-al  head  m  a 
ge™  "l  E^cy  ted  |e™   22.  Suppose!  Acineta  (the  Dendrocometes)  m  its  early  stege ; 
23.  As  kdly  developed ;  24.  Embryo  (seen  in  23)  set  free ;  25.  A  Dendrocometes,  without 
arms,  but  with  a  contained  embryo  ;  26.  A  free  embryo  revolvmg  on  its  long  a^^-    27  f  ^. 
S,m-ochona  Scheutenu;  28.  After  the  action  of  spn-it  of  wme.    2^-36  Lageuophrp 
Vaginicola,  its  structur^  and  development:  In  29  a  gemma  is  seen  m      f^^J  .^f  2^^'°" 'the 
30  the  animalcule  has  its  rotatory  apparatus  retracted;  31  shows  the  detachment  of  the 
head  of  the  animal  from  the  mouth  of  its  sheath,  to  aUow  escape  of  a  gemma;  32  fct  o 
fission    33.  Formation  of  a  gemma  at  posterior  extremity;  34.  Several  gemmoe  enclosed 
35  36  Ac  of  fission;  complete  in  fig.  35,  where  the  parent  segment     detached  from  tlm 
orifice  of  the  sheath,  leaving  a  portion  of  its  interior  extremity.    37.  Opercularia  imcro- 
stoma:  A,  extended;  b,  contracted. 


PLATE  XXXI.  (Protozoa). 

Figures  1-4  Bursaria  leucas,  and  the  position  and  structm-e  of  the  b-ichocvsts  foiuid 
-  >»!!?fr.m„r;^t-  1  X90-  2.  Diagram  of  the  margin,  to  show  position  of  tnchocysts  m 
'tLlrmafwr  3  Trich'ocy  ts  pfojected  from  the  surface  after  the  appUc^tion  of  acetic 
the  dermal  layer  ^^^^^^^^  evolution  from  elongated  ovd 

TpLsL^^!!)  '  5%  Sertularice:  in  5^ho  two  sorts  of  processes  are  both 
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seen ;  that  in  the  right  is  the  normal  form ;  6.  More  magnified  view  of  the  fusiform  process, 
showing  tlio  terminal  depression  or  aperture.    7-13.  Lagotia  producta,  its  structure  and 
development :  7.  Animal  extended,  in  8  contracted ;  9,  10,  11.  Larva  or  embryo ;  10 
represents  it  attached;  12.  Diagram  of  structure  of  the  sheath,  showing  the  ectoderm 
(colletoderm)  at  a,  the  chitinous  tube  at  b,  and  tlie  endoderm  at  c;  d  points  out  the  mode 
of  overlapping  of  the  several  segments  of  tube ;  13.  Highly  magnified  view  of  a  portion  of 
tube.    14,15.  Zooteirea  religata :  14.  Animal  expanded ;  15.  Contracted.  (5-15,  Wright.) 
16-20.  Peridinium  uberrimum:  17.  Seen  on  opposite  side  to  that  shown  in  15;  18. 
Ti-ausverse  fission ;  19.  Same  specimen  after  the  application  of  solution  of  iodine ;  20. 
Nucleus  isolated  (Allman).    21,  22.  P.  depressum :  21.  A  side-,  22.  A  front- view.  23. 
P.  longipes.  (16-23  after  Bailey.)    24-27.  Dysteria  armata:  25.  Parts  of  mouth  ;  26,  27,' 
Process  between  two  styles :  26.  A  fi-out-,  and  27  A  side-view  (Huxley).    28.  Turbanella 
hyaJina,  dorsal  view :  d,  the  muscular  oesophagus ;  gi,  testis ;  /,  mature  egg ;  e,  ovary 
("x350).    29,30.  Chastonotus  maxim  us  :  29.  Dorsal  view  ( x  350)  ;  30.  A  lateral  view. 
31.  Ideal  section  of  Tiu-banella  hyalina  through  the  generative  organs.   (28-31,  Schultze.) 
32-39.  Nocfciluca  militaris:  (32.  N.  punctata,  Busch:  a,  orai  cavity  or  hilum;  b,  sharp- 
bordered  rod ;  c,  nucleus ;  d,  proboscis  [cilium]  ;  /,  brown  corpuscles,  after  Busch  ;) 
33.  Front  view,  a,  the  tooth ;  b,  oral  aperture ;  c,  position  of  supposed  anus  (after 
Webb) ;  34.  Dorsal  view,  showing  the  groove ;  and  35.  A  latero-inferior  view,  displaying 
the  oral  cavity  with  the  tooth,  d;  the  cilium  a  gasta-ic  pouch,  e;  and  a  presumed  anal 
aperture  (Huxley) ;  36-39  (after  Busch) :  36.  A  germ  in  process  of  development ;  37. 
Brown  granular  body,  seen  at  /  in  fig.  32 ;  38.  A  germ ;  39.  Further  advanced,  acquiring 
the  characters  of  a  Noctiluca. 


PLATE  XXXII.  (EoTATORiA). 

Figures  371,  372.  Microcodon  Clavus.  373.  Cyphonautes  compressus.  374-378. 
Megaloti-ocha  albo-flavicans.  379-382.  Tubicolaria  Najas.  383,  383*.  Stephanoceros 
Eichhornii.  384,  385.  Floscularia  ornata.  386,  387.  MeHcerta  ringens.  388-392. 
Limnias  CeratophyUi.  393.  Enteroplea  Hydatina.  394.  Hydatina  senta.  395  396! 
Pleurotrocha  gibba.  ' 


PLATE  XXXin.  (EoTATOBiA). 

Figures  397,  398.  Eiu-cularia  Eeiaihardtii.  399  &  417.  Monocerca  bicornis. 
400-402,  &  425.  Polyarthra  platyptera.  403.  Diglena  lacustris.  404,  405.  D. 
grandis.  406-408.  Triarthra  longiseta.  409.  Eattulus  lunaris.  410,  411.  Distemma 
Forficula.  412  &  414.  Triophthalmus  doraalis.  415.  Bosphora  Najas.  416  Notom- 
mata  Copeus  418^20.  N.  Myrmeleo.  421.  N.  Tigris.  422.  Synchceta  pectiuata. 
423,  424.  Scaridiimi  longicauda. 


PLATE  XXXIV.  (EoTATORiA). 

Figures425*,  426.  Cycloglena  Lupus.  427-429.  Theorus  vernalis.  430-433 
Lepadella  ovahs    434^37.  Monostyla  quadridentata.  438^40.  Mastigocerca  carinata.' 

iil-itt-^""^r'-^'Vr'''-  f^^'.t^^f'^^''"^-  447-453.  SalpinamucrouaS 
tltllf  ^°o«hans  PociUum.  457-459.  Monm-a  dulcis.  460-462.  Colurus  deflexus. 
463-465.  Metopidia  Lepadella.  466,  467.  Stephanops  lamellaris.  468,  469  Saua- 
meila  oblonga.    470-473.  OaUidina  elegans.  '  ^ 


PLATE  XXXV.  (EOTATORIA). 

Figure  474   Hydrias  cornigora.   475.  Typhlina  vu-idis.    476-480.  Eotifer  vul- 
igans.     481-484.  Actmm-us  Neptunms.     485,  486.  Monolabis  conica.  487-489 
Plulodma  aculeata.     490  P.  roseola.     491-494.  Noteus  quadricornis.  495-497.' 
]PZ2l'^^^- At'-^X'^^-   ^^^-^^^-^-hionuspolyacanthus.  502-504. 

PLATE  XXXVI.  (EOTATORIA). 

h,^^^®/"  ^^^^f^^''  '""^g^ns-  protruded  and  fiUly  expanded,  with  tlie  upper  part  of  its 
j^be  at  « ;  6,  one  of  the  tactde  tubes ;  the  circular  disc  at  o  is  the  pellet-cup  ;^  at  «  are  the 
•laws  and  gizzard  (oesophageal  head);  and  below,  the  stomach;  i,  a  much  less  maSlfified 
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specimen,  partially  protruded  from  its  tube,  wliich  is  here  shown  entire,  x  300.   2.  Lim- 
niasCeratophylli:  the  end  is  protruded  beyond  the  smooth  tube  or  sheath  ;  at  e  is  the 
nroiectine  ohm.    3.  Notommata  am-ita,  viewed  laterally,  contracted:  it  exhibits  the  ceso-  , 
phaUal  head  and  jaws  (6),  the  intestine,  the  large  ovarium,  the  contractile  sac  below,  the  ■ 
grape-like  ganglionic  mass  in  the  head {(/),  and  the  tortuous  vessels  on  each  side,  running  T 
the  length  of  the  body.    4.  The  same  animal  extended  and  rotating ;  the  ear-hke  cika  ed 
aopenclace  whence  the  specific  name,  is  seen  on  each  side  of  the  head.    4  a.  The  ciUdted 
lotes  of  th^  rotary  organ    b,  the  gizzard,  with  its  jaws  ;  g,  the  cerebral  (?  mass  ■  k,  gknds 
above  the  stomach;  0,  ikrge  matured  egg  in  the  ovary.    5.  Notommata  amnta,  viewed 
dorlally  the  viscer;  omittecl,  to  show  the  muscular  system;  the  transverse  muscles  are 
seen  at  /  and  the  longitudinal,  crossing  them,  at  I;  the  grape-hke  ganghomc  mas 
appears  connected  with  fpecial  muscles,  a!  also  the  gizzard,  traced  m  dotted  outhne,  and 
the  telescopic-working  taU  or  foot  (i) ;  the  looped  band  at  the  head  (o)  mdicates  the 
tubular  caXs^  the  head-mass.    6.  The  same  animal,  showing  chiefly  its  water-vascular 
Sm-  Te  Ta^^^^^  sac  near  the  bottom  of  its  cavity  {v)  is  the  contracti  e  bladder,  from 
jSprocLd!on  each  side,  convoluted  tubes  (tortuous  vesicles)  f«™f ^/^^^^^^^^^^^ 
respii-atorv  tags,  as  near  «;  the  transverse  muscular  bands  seen  at  t    6*.  ihe  clentd 
I3atus  of  the  gizzard  as  seen  in  action.    7,  8.  The  male  of  Asp^aa'^^a  pnodonta. 
appaiatus  ot  the^zar  ^^^^  ^  =  nf 

Iperm-duct  il  represented  opening  externally  at  the  pointed  base     9;  The  "  of 
STnchna  priodonta:  at  /are  the  gill-like  fissures;  a  large  oral  -JiJ'  ^^'nal 
narrow  oesophagus,  wliioh  ends  below  m  a  stomach    One  ot  the  strong  ^,o?gituai 
musXs  S  displayed,  also  tortuous  vessels  and  ciUated  tags,  with  an  ovary.    10,  U.  The 
jaws  of  the  Asplanchna  detached. 

PLATE  XXXVIL  (Eotatoria). 
FiKUre  1.  Stephanoceros  Eichhornii:  a,  sheath;  6,  pharyiix;  ^^.P^'^TSeS;  or 
rectiun   g,  ovaiy  wicn  coniamuu  uva  yy      i        riirni-v  nnrl  the  enveloping  membranous 

winter  ovum  developing ;  b,  ovum  dividing ;  ^.  of  the  embryo  are  distin- 

several  times  repeated;      -"^^^^ .Vl'^nc  wSi  hf  o-  aSed  m-L^^^^  cUetion  at  /.-;  / 
guishable,  the  two  eyes  at  d,  and  the  sac  ^^tli  tl^^  «°    3  A  veTyoimg  Stephanoceros. 
g)ints  to  the  uterine  or  ovanan  enveloping  ^!.^^™^^,|„^SeT  5.  An  ovum  of 
4  An  embryo  of  Stephanoceros  immediately  after  its  exit  irom  ™e  sneii^ 
Lactularia'  6.  AnoW  ovum  of  the  ^^^/^^^^ 

of  the  ovary  of  the  same,  with  four  contained  ova  _  8  A^jvum  m  '^^^^ 
division  has  been  repeated  several  times.    9-  10  A  yomig  embryo  of 

repeated  until  the  yelk  is  broken  up  into  a  niimber  J^^^J^;.  XyJ  L-ther  developed. 
-Laoinularia  immediately  after  its  exit  from  f .f/f  ;  piston-hke  disc, 

13.  Termination  of  a  tentaculai-  focess  of  Mehceita  imgens^^^^^^  P^^_^^ 

capable  of  retraction  by  a                   '^.^S  ofciTxtend^^^  The  same,  with  the 

13  A  view  of  the  same  process,  with  the  brush  ot  cilia  extenaea.  ,^  ^  j 

reacted.    15.  An'embryo  of  Mehcerta  rmgens  w^^^^^^  , 

commenced  the  formation  ot  its  case  or  s  eatL          An  frnbi^  ^ 

appears  when  swimmmg  freely.    17.  Melicerta  rm^ens  u  ^  ^  ^  J  representing 

poiuuii  yj      TVT^^iiaj  of  Mclicorta  rmgens,  in  bulb.    34.  \Mntci  o^uii  u 

^pS;^|y;fNo— 

clear  areola  around  i    ^,ye^^^^^^^^  ^^^^^    28.  Winter  ovum  in  its  natu 

^.rS^M^ttpiaSi  Sieboldii,  view^^^-^-  ^"^^^^^ 
interior  short  arms ;  b  b,  the  posterior  Imiger  arms  ^^^^^l^^l^l^,  th;  preceding 
spermatozoa;  d,  water-vascidar  canal.    30  a,  b,  c,  a,e,j.  j.  i 
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at  c  represent  the  earliest  stage  of  the  spermatic  particles;  those  at  a  t ho  mature  including 
the  •od-l7ke  particles.  31.  The  maxilku  of  Asplai.chaa  Sicboldii ;  the  striated  nmsciaar 
banc  s  moving  them  are  very  distinct.  32.  The  female  of  Asplanchna  Sicboldu  «. 
pharynx-  b  cells  of  stomach;  .,  horseshoe-shnped  ovary;  d,  saccular  or  uterme  portion 
of  o^duct,  or  ovarian  sac,  ^.-ilh  contained  mature  ovum ;  .,  contractde  vesicle ;  /,  tags  of 
wate^-vasc^dar  canal;  h,  ditto;  g,  muscular  (?)  cushion  within  ciliary  wreath  supporting 
spines. 


PLATE  XXXVIII.  (Eotatoeia). 

Figure  1.  Rotifer  inflatus,  body  extended ;  rotary  apparatus  withdrawn.  2.  The 
same  Rotifer*  with  the  horn-like  appendages  of  its  rotary  apparatus  expanded.  3.  The 
same  Rotifer,  sti-ongly  contracted  into  a  globidar  form.  4.  Philodina  erythrophthalma,  in 
a  contracted  condition,  as  fomid  when  dried.  5.  Euchlanis  triquetra,  viewed  on  the  under 
side :  a  points  to  the  lining  membrane  of  the  lorica  in  which  the  muscles  are  inserted ; 
b,  muscles;  c,  gangUonic  ehlargement;  d,  respii-atory  tube;  e,  areolar  tissue  of  head; 
/,  oesophagus,  or  tube  between  maxillary  head  and  stomach.  6.  Anurisa  heptodon.  7. 
Brachionus  rubens,  the  yoimg  just  emerged  from  the  shell.  8-10.  B.  Bakeri:  8.  Young 
from  the  egg;  9.  Summer  egg;  10.  Winter  egg.  11.  Notommata  centriu-a,  a  portion  of 
the  respiratory  tube,  with  the  ciliary  tags  within.  12.  Termination  of  a  tag,  with  the 
cilium  within.  13.  A  portion  of  a  water-vascular  canal,  with  ciliated  tags  of  Asplanchna 
Sieboldii.  14.  Diagram  of  head  of  Brachionus  polyacanthus,  viewed  from  the  mouth 
side.  15.  Diagram  of  head  of  the  same,  viewed  from  above.  16.  A  portion  of  the  cerebral 
ganglion  and  of  the  nerves  proceeding  from  it,  and  the  eye  consisting  of  two  portions. 
17.  Eye  of  Brachionus  Bakeri,  detached.  18.  Eye  of  Euchlanis  unisetata.  19.  Eye  of 
Caligus.  20.  Diagram  of  head  (trochal  disc)  of  Philodina.  21.  Diagi-am  of  same,  viewed 
from  the  mouth  side.  22.  Rattulus  carinatus.  23,  24.  Salpina  spinig:era.  25.  Noteus 
quadricornis,  dorsal  view :  a,  maxdla; ;  c,  anterior  spinous  cornu  of  lorica ;  c  c,  posterior 
cornu;  d,  ovary;  /,  vesicle  of  water- vascular  system;  e,  canal  of  ditto;  h,  stomach; 
e,  muscles.  26.  Ifotommata  centrm-a,  dorsal  view,  surrounded  by  a  mucous  external 
envelope,  and  Uned  by  a  subtcgumentary  lamina  or  dermis :  h,  antenna ;  c,  glandular  sac 
around  oesophagus ;  d,  elongated  process  of  rotary  organ,  called  the  under  lip ;  c,  tags  of 
respiratory  canal ;  /,  stomach,  with  large  glandular  cells  of  its  wall ;  g,  intestine  ;  h,  pan- 
creatic glands ;  i,  reside  of  water-vascular  or  respiratory  system ;  k,  cerebrum ;  I,  canal  of 
respiratory  tube  surrounded  by  a  granular  coat ;  o,  ovary ;  p,  ovum  ;  n,  muscidar  bands ; 
g,  chitinous  lining  of  oesophagus ;  r,  transverse  muscles.  27.  Brachionus  Bakeri :  «,  lorica 
or  carapace;  b,  posterior  horns;  c,  anterior  horns;  d,  lobes  of  trochal  disc;  c,  siphon  or 
antenna ;  /,  gastric  canal  or  oesophagus ;  g,  convoluted  respiratory  tube ;  I,  pancreatic 
glands.  28.  Asplanchna  priodonta :  «,  longitudinal  muscles ;  b,  oesophagus ;  c,  stomach ; 
5,  ovary ;  e,  pharynx.  29.  Pterodina  Patina,  foot  not  shown :  a  c,  convolutions  of  respi- 
ratory canal ;  6,  longitudinal  striated  muscles.  30.  Polyarthra  platyptera :  a,  ciliated 
tubercular  processes  of  head ;  c,  compound  feathery  processes  used  as  locomotive  organs ; 
d,  mature  ovum  adherent  externally ;  m,  striated  longitudinal  muscles.  31,  32.  Poly- 
chaitus  subquadratus.  33.  Maxillae  of  Notommata  vermicularis,  with  the  red  eye,  con- 
sisting of  two  portions  (a).  34.  Maxillae  of  Hydatina  senta.  35.  Maxillas  of  Albertia 
vermicxdaris.  36.  Albertia  vermicularis,  x200.  (EiguredafterDujardin,  Huxley,  Leydig, 
and  Perty.) 


PLATE  XXXIX.  (Rotatoria). 

Figures  1-3.  Lindia  torulosa:  1.  Rotary  organ  reti-acted;  2.  Dental  apparatus  of 
ditto;  3.  Rotary  organ  expanded.  4-7.  Euchlanis  dilatata:  4.  Female,  lying  on  its 
back,  abdomen  upwards ;  5.  Male,  lying  on  its  back ;  6.  The  granular  heap  from  a  young 
male;  7.  Male,  lying  on  its  abdomen.  8,  9.  Notommata  parasita  (Ehr.):  8.  Male; 
9.  Female.  10-20.  Brachionus  uroeolaris :  10.  A  summer  oviun  in  the  act  of  fission  ; 
11.  The  embryo  escaping  from  a  summer  egg,  with  ruptm-e  of  shell;  12.  A  young  male 
after  its  escape  from  the  egg ;  13.  A  male  escapmg  from  the  egg ;  14.  A  young  male, 
older  than  fig.  12 ;  15.  Female,  rotary  organ  fully  expanded ;  16.  Female,  with  foiu-  male 
eggs  in  difl'erent  stages  of  development  attaclied ;  17.  Female,  rotary  organ  retracted, 
tentacidar  process  (calcar)  protruded;  18.  Female,  lateral  view;  19.  Maxillary  bulb 
(mastax),  with  teeth  in  position ;  20.  A  whiter,  ephippial,  or  lasting  ovum.  21-24.  Bra- 
chionus mditaris:  21.  Female,  lying  on  its  back;  22.  Female,  lying  on  its  abdomen; 
23.  A  winter  ovum  ;  24.  A  male  ovum.  (Cohn.) 
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PLATE  XL.  (EoTATOttiA). 

Figure  1.  Hydatina  senta,  female,  lateral  view :  a,  dorsum  and  oral  cavity,  extending 
to  an  apex  at  6 ;  c,  mastax  with  maxilla3 ;  d,  canal  between  mastax  and  stomacli ;  /,  cloaca! 
orilice;  g,  vesicle;  h,  ovary;  i,  coils  of  respiratory  tube;  k,  cerebral  ganglion;  I,  ciliated 
tactile  fossa;  m,  longitudinal  muscles.  2.  Enteroplea  Hydatina,  the  male  of  Hydatina 
senta.  3.  Ova  in  an  immatiu-e  state,  as  found  in  the  unimpregnated  ovary  of  Hydatina 
senta :  a,  germinal  spot ;  b,  germinal  vesicle ;  c,  membrane  of  ovum  occupied  with  granular 
yelk-matter.  4.  The  lining  membrane  of  stomach  of  Hydatina  senta,  everted,  showing 
cilia.  5.  Vibratile  tag,  supported  on  its  pedicle,  attached  to  the  respiratory  canal.  6.  The 
male  sexual  organs  (of  Enteroplea  Hydatina)  detached,  and  highly  magnified :  a,  penis ; 
b,  gland  smTounding  its  bag ;  c,  vesicles  with  granules ;  d,  fold  of  integument  siu-rounding 
penis  when  retracted.  7.  Detached  spermatozoa.  8.  Stephanops  muticus,  seen  from 
beneath.  9.  Same,  side  view.  10.  Another  view  from  beneath,  or  the  ventral  surface. 
11.  Brachionus  Dorcas,  female,  newly  born.  12.  Same,  male,  newly  born  (Gosse). 
13.  B.  Miilleri  (male) :  a,  head  mass ;  b,  eye ;  c,  muscles ;  d,  posterior  mass ;  e,  sperm- 
sac  ;  /,  urinary  concretion ;  g,  foot.  14.  B.  Pala,  male,  neMy  born.  15.  Same,  male 
egg,  nearly  mature.  16.  B.  Bakeri.  17.  Saeeulus  viridis,  male,  newly  born.  18.  Same, 
female,  with  male  ova  attached.  19.  Brachionus  angularis,  male.  20.  B.  urceolaris, 
mastax  and  dental  apparatus,  ventral  aspect :  a,  mastax ;  b,  malleus ;  c,  manubrium ; 
d,  articulation ;  e,  imcus  ;  /,  incus ;  g,  ramus ;  h,  fulcrum ;  i,  muscle  connecting  the  imcus 
with  the  ramus ;  j,  muscle  for  extending  the  malleus ;  I,  muscle  for  thi'owing  in  the 
manubrium ;  k,  muscle  for  bending  the  malleus ;  in,  buccal  funnel ;  n,  salivary  glands ; 
0,  alula.  [These  letters  have  the  same  signification  where  met  with  in  the  following  figures 
after  Gosse :]  21-23.  B.  urceolaris :  21.  Jaws  viewed  nearly  from  above  ;  22.  Dental 
apparatus,  lateral  aspect ;  23.  Buccal  funnel,  salivary  glands,  mastax,  and  dental  appa- 
ratus, dorsal  aspect.  24.  Diglena  forcipata,  jaws  closed,  ventral  aspect.  25.  Floscularia 
ornata,  jaws,  dorsal  aspect.  26.  The  same,  frontal  aspect.  27.  Stephanoceros  Eicli- 
hornii,  jaws,  dorsal  aspect.    28.  Same,  uncus,  oblique  aspect. 
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THE  DESCRIPTION  OF  THE  FAMILIES  AND  GENERA 
OF  INFUSORIA. 


Acarireum,  503. 
AcknanthefB,  872. 
Aclmanthes,  873. 
Achnanthidium,  872. 
Acineria,  629. 
Acineta,  564. 
Acinctma,  564. 
Acomia,  613. 
Acropisthium,  614. 
ActiniscecB,  935. 
Actiniscus,  935. 
Actinocyclus,  833. 
Actinogonium,  813. 
Actuwphryina,  243,  558. 
Actinophrys,  559. 
Actinoptychus,  839. 
Actinurus,  704. 
Alastor,  571 . 
ALbertia,  693. 
Albertiens,  693. 
Aly8cum,  615. 
Amblyophis,  541. 
Amoeba,  548. 
Anuzhma,  548. 
Amphicampa,  765. 
Amphimonas,  498. 
Amphileptus,  636. 
Amphipentas,  858. 
Amphipleura,  783. 
Ampliiprora,  921. 
Ampbitetras,  8.57. 
Amphora,  880. 
AnaiUus,  859. 
Ancyrium,  501. 
AnguliferetB,  852. 
Anisonema,  512. 
Ankistrodesmus,  752. 
Authophysa,  500. 
Anurrea,  707. 
Apionidium,  615. 
Aptogonum,  723. 
ArachnoidiscuB,  841. 
Arcella,  554. 
Arcellina,  551. 
Artlirodesmu8,  736. 
Arthrogyra,  822. 
Aspidisca,  631. 


Aspidiscina,  631. 
Asplanchna,  691. 
Astasia,  539. 
Astasiaa,  188,  538. 
AsterioneUa,  779, 
Asterodiscus,  838. 
Asterolampra,  836. 
Asterompbalus,  836. 
Attbeya,  863. 
Aulacodiscus,  843,  938. 
Auliscus,  845. 

Bacillaria,  715. 
Bacillaria,  784. 
Bacteriastrum,  863. 
Bacterium,  532. 
Bteonidium,  614. 
Berkeleya,  926. 
Biblarium,  805. 
Biddulpliia,  847. 
Biddulphiem,  846. 
Blepbarisraa,  628. 
Bodo,  496. 
Brachionaa,  706. 
Brachionus,  709. 
BrigbtweUia,  940. 
Bui'saria,  620. 

Cadium,  558. 
Calia,  529. 
Callidina,  701. 
Calodiscus,  802. 
Campylodiscus,  798. 
Carchesium,  688. 
Cephalosiphon,  670. 
CerataiUus,  846. 
Ceratidium,  642. 
Ceratium,  577. 
Ceratoneis,  782. 
Corcomonas,  497. 
Chmioccrem,  860. 
Chastocoros,  861. 
Chastoglena,  675. 
Chwtomonas,  57.'3. 
Chcotonotiis,  601. 
Choetospira,  597. 
Chtctotyplila,  575. 


Cliilodon,  624. 
Chilomonas,  495. 
Cblamidodon,  646. 
Chlamydococcus,  522. 
CMamydomonas,  146,  521. 
Clu-omatium,  602. 
Cliloraster,  494. 
Chlorogonium,  543. 
Chonemonas,  513. 

CiLIATA,  568. 
Cinetocbilum,  630. 
Cladogramma,  814. 
Clenodon,  684. 
Climacospbenia,  772. 
Closterium,  746. 
Cobalina,  571. 
Cocconeidecs,  867. 
Cocconeis,  867. 
Cocconema,  877. 
Coccudina,  648. 
Coelastrum,  755. 
Coenomorpba,  597. 
Colacium,  644. 
Colletonema,  926. 
Colepina,  616. 
Coleps,  616. 
Colpoda,  632. 
Colobidiiim,  615. 
Colpodea,  631. 
Colurus,  698. 
Conocbilus,  664. 
Coretbria,  563. 
Cornuspira,  558. 
Corycia,  560. 
CoscinodiscecB,  827. 
Coscinodiscus,  827. 
Cosmarium,  731. 
Cosmocladiiim,  752. 
Cothiu-nia,  603. 
Craspedodiscus,  831,  939. 
Cnmienula,  511. 
Cn/piomonadhia,  140,  505. 
Cryptoglena,  509. 
Cryptomonas,  607. 
Ci/clMina,  571. 
Cyclidium,  497,  572. 
Cycloglena,  690. 


966 


INDEX  TO  THE  FAMILIES  AND  GENEHA  OF  INFUSORIA. 


Cyclogramma,  630. 
Cyclotclla,  811,  937. 
Cylindrotiieca,  940. 
Cymatoplem-a,  793,  940. 
Cymbella,  875. 
Cymbellece,  875. 
Cymbosii-a,  875. 
Cypliidium,  555. 
Cyplioderia,  557. 

Dasydytes,  661. 
Dendrosoma,  562. 
Denticula,  773. 
BesmidiacecB,  715. 
Besmidica,  715. 
Desmidium,  723. 
Desmogonium,  789. 
Diadesmis,  923. 
Diatoma,  778. _ 
BiatomacecB,  756. 
Biatomem,  756. 
Diatomella,  810. 
Dickieia,  925. 
Dicladia,  863. 
Dictyocha,  935. 
Dictyolampra,  813. 
Didymoprium,  723. 
Difflugia,  553. 
Diglena,  687. 
Dileptus,  638. 
Dimeregramma,  790. 
Dinema,  546. 
Binohryina,  546. 
Dinobryon,  547. 

Dinocbaris,  698. 

Dioplirys,  648. 

Diplax,  695. 

Diploneis,  892. 

Dipodina,  713. 

Diseocepbalus,  645. 

Discosira,  822. 

Diselmis,  511. 

Disoma,  608. 

Distemma,  689. 

Distigma,  544. 

Docidium,  744. 

Donkinia,  920. 

Doxococcus,  495. 

Drepanomonas,  513. 

Emydiiun,  713. 
Enchelia,  605. 
Encbelys,  607. 
Encyonema,  879. 
Endicfcya,  831. 
Enteroplea,  677. 
Entomoneis,  921. 
Entopyla,  810. 
Eosphora,  689. 
Ephelota,  562. 
Epipyxis,  646. 
Epistylis,  588. 
Epithemia,  759,  938. 
Eretes,  501. 
Euastrum,  728. 
Eucampia,  937. 


Euclilanidota,  693. 
Euchlanis,  695. 
Eudorina,  520. 
Euglena,  541. 
Euqlentsa,  188,  538. 
Euglypba,  556. 
Euuotia,'  762. 
Eunotiem,  759. 
Eunotogramma,  860. 
Euodia,  852. 
Eupbyllodium,  772. 
Eupleuria,  809. 
Buplotes,  646. 
Eivplotina,  645. 
EupodiscecB,  842. 
Eupodiscus,  842,  938. 
Eutreptia,  546. 

Floscularia,  674. 
Floscularima,  665. 
Eragilaria,  776. 
Fragilariece,  773. 
Erustulia,  924. 
Eurcularia,  679. 

G-astrocbseta,  615. 
Genicularia,  721. 
Gepbyria,  809. 
Glaucoma,  624. 
Glenodinium,  578. 
Glenomorum,  494. 
G-lenopbora,  662. 
Gloeococcus,  524. 
Gompbogramma,  806. 
Gompbonema,  886. 
GomphonemccE,  886. 
Gonatozygon,  721. 
Goniothecium,  864. 
Gonium,  152,  517. 
Grammatopbora,  807. 
Grammonema,  777. 
Gromia,  556. 
Grymeea,  503. 
Gyges,  516. 
Gyrosigma,  915. 

Habrodon,  614. 
Halionyx,  833. 
Halteria,  644. 
Harmodirus,  629. 
HeUopelta,  840. 
Hemiaulus,  851. 
Hemidiscus,  852. 
Hercotheca,  866. 
Heteromita,  499. 
Heteronema,  545. 
Heterostepbania,  833. 
Hoxamita,  499. 
Himantidium,  765. 
Hiinantopborus,  646. 
Hirmidium,  528. 
Holopbrya,  612. 
Ilomoeouladia,  784. 
Hyalodiscus,  814. 
Hyalosiva,  804.^ 


Hyalotheca, 


722. 


Hydatina,  677. 
Hydathma,  677. 
Ilydrias,  702. 
Hydroinorina,  503. 
Hydrosera,  852. 

Ichthydina,  660. 
Ichtbydium,  661. 
Insileila,  827. 
Isthmia,  851. 

Kerona,  642. 
Kolpoda,  632. 
Kolpodea,  631. 
Kondylostoma,  627. 

Labidodon,  682. 
LacernatcB,  924. 
Laoinularia,  670. 
Lacrymaria,  609. 
Lagenella,  509. 
Lagenophrys,  604. 
Lagotia,  605. 
Lagyuis,  558. 
Larella,  712. 
Lecquereusia,  557. 
Lembadion,  629. 
Lepadella,  694. 
Leptocystinema,  722. 
Leucopbrys,  571,  610. 
Licmopbora,  771. 
Licmophorcce,  768. 
Limnias,  670. 
Lindia,  693. 
Liosipbon,  626. 
Liostephania,  813. 
Liparogyi-a,  823. 
Litbodesmium,  937. 
Loxodes,  619. 
Loxopbyllum,  639. 
Lysicyclia,  815. 

Macrobiotus,  714. 
Mallomonas,  501. 
Mastigocerca,  695. 
Mastogloia,  924. 
Mastogonia,  813.  ^ 
Megalotrocba,  665. 
Mcgalotrochcsa,  664. 
Megatricba,  614. 
MeUcerta,  672. 
Melosira,  815. 
MclosirccB,  810. 
Menoidium,  502. 
Meridiem,  766. 
Meridion,  767. 
Mesoceua,  936. 
Metallacter,  537. 
Metopidia,  699.  _ 
Micrasterias,  725. 
MicTOCodon,  665. 
Microgleua,  493. 
Micromega,  929. 
Microtbcca,  937. 
Milnesium,  714. 
Milophora,  644. 
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Monadina,  130,  485. 
Monas,  489. 
Moneina,  927. 
Monoccrca,  680. 
Monogramma,  875. 
Monolabis,  704. 
Monostyla,  695. 
Monui-a,  698. 

Nassula,  625. 
Naunema,  927. 
Naviciila,  892,  938. 
Naviculcce,  892. 
Nitzschia,  779,  940. 
Noteus,  707. 
Notogonia,  700. 
Notommata,  681. 

Octoglena,  690. 
Odontidiiim,  775. 
Odontodiscus,  832. 
CEcistes,  663. 
(Ecistina,  663. 
Omphalopelta,  841. 
Omplialotheca,  865. 
Oncosphenia,  768. 
Opalina,  569,  627. 
Opalintea,  569. 
Opercularia,  592. 
Ophidomonas,  509. 
Ophrydina,  598. 
Ophrydium,  599. 
Ophryocercina,  630. 
Oplii'yodendi'on,  568. 
Ophryoglena,  638. 
Opistliiotriclia,  614. 
Otostoma,  639. 
Oxytricha,  640. 
Oxytrichina,  639. 
Oxyrrhis,  512. 

Pampliagus,  551. 
Pandorina,  157,  517. 
Panophrys,  627. 
Pantotrichum,  573. 
Paramecium,  634. 
Pediastrece,  24,  752. 
Pediastrum,  754. 
Pelecida,  629. 
Penium,  760. 
Perancma,  545. 
Peridinima,  574. 
Peridiniiim,  576. 
Periptera,  865. 
Peristephania,  824. 
Perithyra,  842. 
Peronium,  501. 
Pliacelomonas,  494. 
Phacotus,  513. 
Phacus,  511. 
Phialina,  623. 
Philodina,  705. 
PhilodbuBa,  700. 
Phlyctasnia,  925. 
PiivTozoA,  486. 
Pmnularia,  892. 


Plagioguatha,  692. 
Plagiogramma,  773. 
Plagiotoraa,  571,  627. 
Pleiu-odesmium,  860. 
.Pleuroraonas,  502. 
Plevu'onema,  639. 
Pleiu'osiphonia,  915. 
Pleurosigma,  915. 
Pleurotrooba,  679. 
PJcEOlia,  512. 
PlcBsconia,  647. 
Podocystis,  772. 
Pododiscus,  815. 
Podopbrya,  561. 
Podosira,  815,  938. 
Podosphenia,  769. 
Polyarthra,  686. 
Polyselmis,  540. 
Polytoma,  604. 
Pompholyx,  712. 
PorocycUa,  823. 
Porpeia,  860. 
Prorocentrum,  509. 
Prorodon,  612. 
Prorostauros,  915. 
Protozoa,  199,  647. 
Paeudo-difflugia,  557. 
Pterodina,  711. 
Ptygiira,  661. 
Ptyxidium,  615. 
Pyxidicula,  824. 

Eattulus,  688. 
Rhabdomonas,  503. 
Rhabdouema,  804. 
Ehaphidoglcea,  925. 
Erhaphoneis,  791. 
Rbipidopbora,  769. 
EnizopoDA,  243. 
Ehizonotia,  885. 
Eliizosolenia,  865. 
Rotatoria,  392,  649. 
Rotil'er,  702. 

Salpina,  697. 
Sacculus,  662. 
Scaridiiim,  686. 
Sceuodesmus,  753. 
Sceptroneis,  772. 
Scliizonema,  927. 
ScMzoncmca,  924. 
Scypliidia,  596. 
Siagontlierimn,  614. 
Sorastrum,  755. 
Spathidiiim,  Oil. 
Splinsrosira,  524. 
Sphajrozosma,  723. 
SpheneUa,  886. 
Sphenoderia,  557. 
Sphenosira,  892. 
Spirillina,  554. 
Spirillum,  533. 
Spirochajta,  533. 
Spirochona,  598. 
Spirodiseus,  .537. 
Spiromonas,  502. 


Spirostomum,  622. 
Spirotaiiiia,  751. 
Spondylomorum,  505. 
Spondylosium,  724. 
Sporonema,  537. 
Squamella,  700. 
Squamidina,  558. 
Stam-astrum,  737. 
Staurogramma,  915. 
Stauroueis,  911. 
Stauroptera,  911. 
Staurosira,  791. 
Stentor,  681. 
Steplianoceros,  668. 
Stepliauodiseus,  823. 
Stephanogonia,  814. 
Stephanoma,  529. 
Stephanops,  699. 
Stephanopyxis,  826. 
Stephanosira,  823. 
Stephanosphajra,  164,  529. 
Stichotricha,  644. 
Stigmaphora,  923. 
Sta-iatella,  803. 
StriatcUea,  803. 
StylobibUum,  805. 
Stylonychia,  643. 
SurireUa,  794. 
SurirellecB,  783,  940. 
Symbolophora,  833. 
Synapliia,  528. 
Synchajta,  685. 
Syncrypta,  519. 
Syncyclia,  879. 
Syndendi-ium,  866. 
Synedra,  785. 
SynedrccB,  940. 
Synm-a,  519. 
Syringidium,  866. 
Systephania,  832. 

TabeUaria,  807. 
Tapbrocampa,  692. 
Tardigrada,  713. 
Tardigi-ada,  714. 
Terpsinoe,  859. 
Terpsino'icB,  858. 
Tessella,  804. 
Tctmemorus,  746. 
Tetracbastriim,  724. 
Tetracyclus,  806. 
Tetramitus,  501. 
Tetrasiphon,  713. 
Theorus,  690. 
Tintiniius,  600. 
Toxonidia,  920. 
Trachclina,  616. 
Tracbelius,  618. 
Tracbelocerca,  630. 
Traclielomonas,  510. 
Tropomonas.  499. 
Ti-iartbva,  688. 
Trieoralium,  853,  939. 
Tricboda,  608. 
Tricbodina,  583. 
TrichodiscuB,  561. 
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Trichomonas,  500. 
Trinema,  55(5. 
Trioplithalmus,  689. 
Triploceras,  747. 
TrybUonella,  792. 
Trjpemonas,  513. 
TurbaneUa,  381. 
Tubicolaria,  668. 
Typlilina,  702. 

Urceolaria,  596. 
TJrocentrum,  585. 


TJroglena,  520. 
TJroleptuB,  637. 
Uronema,  615. 
Urostyla,  643. 
IJvella,  492. 

Yagiuicola,  601. 
Vaginifera,  598. 
Vibrio,  532. 
Vibrionia,  184,  529. 
Volvocina,  144,  514. 
Volvox,  180,  526. 


Vorlicella,  585. 
Vorticellina,  579. 

Xanthidium,  735. 
Xanthiopyxis,  826. 

Zoogloea,  537. 
Zooteirea,  563. 
Zoothamnium,  594. 
Zygoceros,  850. 
Zygoselmis,  544. 


THE  END. 
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